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Abstract Molecularly imprinted polymers on the surface of
multiwalled carbon nanotubes (MWNTs) have been devel-
oped for selective recognition for Ribavirin. The composites
(MWNTs/MIPs) were prepared by using Ribavirin as the
template molecule, acrylamide (AAM) as the functional
monomer, N, N-methylenebisacrylamide (NNMBA) as the
cross-linker. MWNTs/MIPs obtained were characterized by
fourier transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM), and thermogravimetric analysis
(TGA). The properties such as adsorption dynamics, special
binding, and the selective recognition ability were evaluat-
ed. The adsorption equilibrium was arrived in about 4 h
which indicated that the adsorption kinetic was compara-
tively fast. The results of binding and selectivity experi-
ments showed that the MWNTs/MIPs could bind the
template molecule selectively in aqueous media.
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Introduction

In recent years considerable attentions have been paid to
molecular imprinting technology (MIT) as an excellent and
simple approach to producing artificial receptors with prede-
termined ligand selectivity [1, 2]. The technique is based on the
copolymerization of a monomer with cross-linker in the

presence of a template molecule, so that the positions and
orientations of the functional residues of the monomer are
immobilized in the polymer, which are complementary in size,
shape and interaction patterns complementary to the template
molecule. Thus, MIPs can rebind template molecule with very
high affinity and specificity. Until now,MIPs have beenwidely
used in many areas such as the chromatographic separation [3,
4], solid phase extraction [5–8], various sensor strategies
[9–11], catalysis studies [12, 13], pharmaceutical analysis
[14–16], etc. This technique is a conceptually simple and
straightforward method of applying to a wide variety of target
molecules, however, it still has some disadvantages, such as
the heterogeneous distribution of the binding sites, embedding
of most binding sites, and lower binding kinetic of MIPs
towards the template molecule.

In recent years, multiwalled carbon nanotubes (MWNTs)
have enjoyed widespread attention for their high electrical
and thermal conductivity properties [17, 18]. MWNTs, with
unique mechanical properties and extremely large surface
areas, should be an excellent candidate, as the supported
material, which would endow MIPs with large surface areas
if the MIPs were prepared onto the surface of MWNTs.
Thus, the binding sites in the outer layer of the composite
would improve the accessibility of template molecule and
reduce the binding time [19].

Ribavirin is an anti-viral drug indicating for severe RSV
infection (individually), a hepatitis C infection and other viral
infections. In this article, composites of multiwalled carbon
nanotubes and molecularly imprinted polymers for Ribavirin
were prepared by using MIT on the surface of MWNTs, Riba-
virin as the template molecule, acrylamide (AAM) as the func-
tional monomer, N,N-methylenebisacrylamide (NNMBA) as
the cross-linker. The composite polymers (MWNTs/MIPs)
obtained were characterized by FTIR, scanning electron mi-
croscopy (SEM), and thermogravimetric analysis (TGA). The
properties such as adsorption dynamics, special binding, and
selective recognition capacity were evaluated.
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Materials and methods

Materials and instruments

Multiwall CNTs (diam. <10 nm, length 5–15 μm) were
purchased from the Shenzhen Nanotech Port Co., Ltd.
(Shenzhen, China). Ribavirin and Telbivudine were
obtained from the national institute for the control of phar-
maceutical and biological products (Beijing, China). S-
Napoxen was purchased from Fluka, structures of the three
chemicals were shown in Fig. 1. AAM and NNMBA were
purchased from the Kermel Chemical Reagent Co., Ltd.
(Tianjin, China). All other chemicals were of analytical
grade and used as received.

UV–Vis was measured on a UV2550 spectrophotometer
(Shimadzu, Japan). The morphology of MWNTs/MIPs was
observed by JSM-6510LV scanning electron microscopy
(JEOL, Japan). Thermal gravimetric analysis (TGA) was
performed under nitrogen on a Diamond TG/DTA (Perkin
Elmer, America) under nitrogen protection at a heating rate
of 10.0 °C/min. FTIR spectra in KBr were recorded by using
a VERTEX 70 spectrometer (Bruker, Germany).

Preparation of carboxylic acid-functionalized MWNTs
(MWNTs-COOH)

Received MWNTs (0.5 g) were added to 60 mL of 68 %
HNO3/ 98 % H2SO4 (1:3) under sonication for 30 min,
followed by refluxing at 90 °C for 60 min. The reaction
mixture was then diluted with water and allowed to stand
overnight for precipitation. The supernatant was decanted,
and the remains were filtered through a 0.22 um polytetra-
fluoroethylene (PTFE) membrane (China) and washed thor-
oughly with distilled water for several times until the pH
value of the filtrate was neutral. The solid powders were
dried at 80 °C under vacuum, obtaining carboxylic acid-
functionalized MWNTs (MWNTs-COOH).

Synthesis of MWNTs /MIPs

0.1 g MWNTs-COOH was mixed with 5 mL pure water in a
round bottomed flask, and ultrasonic dispersed adequately.
0.5 mmol Ribavirin, 2 mmol AAM, 2 mmol NNMBA and
0.5 mg ammonium persulfate [(NH4)2S2O8] were accurately

weighed into 50 ml round bottomed flask , and 15 mL pure
water was added to dissolve the mixture, then the solution was
ultrasonicated for 20 min to ensure complete association of the
imprint molecule with AAM. Finally, MWNTs-COOH which
had been dispersed uniformly was added in. The round-
bottomed flask was warmed at 75 °C to ensure complete
cross-linking, and the reaction was allowed to proceed for
12 h in N2 atmosphere. The resulting product was collected
by centrifugation and washing thoroughly with pure water until
no Ribavirin was found in the solution after centrifugation.
MWNTs/MIPs, i.e, the composites of multiwalled carbon
nanotubes and molecularly imprinted polymers were obtained.
As a control, MWNTs/NIPs were prepared in the similar man-
ner described as above, except for the absence of the template.

Binding Experiments

Binding experiments were achieved according to the litera-
ture previously reported with some modification [16].

The concentration of Ribavirin in the binding experiments
was detected by UV-vis spectrophotometer. Through the UV-
vis scanning, Ribavirin in water had maximum absorption at
201 nm. So wavelength at 201 nm was chosen for detection.
With concentrations of ribavirin(C) as horizontal ordinate,
ultraviolet absorbance(A) as vertical coordinate, a standard
curve was obtained and the linear regression equation was
A00.01783 C+0.03922(r00.99953), with good linear rela-
tionship in 2.0~20.0 ug/mL concentration range (Fig. 2).

In binding isotherm experiments, 20.0 mg of the polymer
particles was equilibrated with adsorbate of varied initial
concentration in each centrifuge tube. The centrifuge tube
was shaken for 6 h at room temperature. Then, the saturated
polymer was separated by centrifugation. The residual con-
centration of the adsorbate was measured by UV-vis spectro-
photometer at 201 nm. The amount of Ribavirin bound (mg/g)
to the MWNTs/MIPs (Q) was calculated by subtracting the
amount of free Ribavirin in the supernate from the amount of
Ribavirin initially added.
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Fig. 1 Structures of the three chemicals

Fig. 2 The relationship between the concentration of Ribavirin and
absorbance
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Similarly, the adsorption dynamics of the MWNTs/MIPs
were investigated. In a centrifuge tube, 20 mg of MWNTs/
MIPs was suspended in 2.0 mL of an initial Ribavirin
concentration with 1.0 mg/mL. The tube was incubated at
room temperature with shaking at different adsorption time
intervals. The amount of Ribavirin adsorbed by MWNTs/
MIPs was detected by UV-vis spectrophotometer at 201 nm.

According to the test methods mentioned before, the
selectivity of MWNTs/MIPs was investigated by using Tel-
bivudine and S-Napoxen as the structure related compounds.
The residual concentration of the adsorbate was measured by
UV-vis spectrophotometer at 265 nm for Telbivudine and at
330 nm for S-Napoxen.

Results and discussion

Preparation of MWNTs/MIPs

The reaction mixture must be dispersed fully before initiation
reaction began. Different molar ratios of AAM to Ribarivin
were explored during the polymerization. In Fig. 3, when the
amount of the cross-linker was fixed, all the MWNTs/MIPs
prepared in different molar ratios of template to monomer
showed higher adsorption amount of Ribarivin than that of
the corresponding MWNTs/NIPs did. When the molar ratio
was 1: 4, MWNTs/MIPs had the best binding performance.
The results showed that at a fixed amount of template to
increase the amount of monomer for the polymerization could
increase adsorbed amount of the MWNTs/MIPs towards Rib-
arivin. However, when the amount of monomer was further
increased, agglomeration of the raw materials would happen
and the binding capacity for Ribarivin decreased. In Table 1,
the imprinted ratios of the MWNTs/MIPs prepared from

different molar ratios were listed. The imprinted ratio was
defined as the ratio of the binding capacity of the MWNTs/
MIPs for Ribarivin to the binding capacity of the
corresponding MWNTs/NIPs for Ribarivin. At the molar ratio
of 1:4, the maximum imprinted ratio of 1.65 was obtained. As
the molar ratio was changed, the imprinted effect declined
accordingly. Hence, we may conclude that with 1:4 of molar
ratio of template to monomer, best binding capacity as well as
imprinted effect was achieved.

IR of MWNTs/MIPs

The preparation of MWNTs/MIPs was primarily followed
by IR spectroscopy evaluation. The received MWNTs,
MWNTs-COOH, MWNTs/MIPs, and pure MIPs were
shown in Fig. 4. The received MWNTs(Fig. 4a), almost
had not IR adsorption bands. Compared with the IR spec-
trum of the received MWNTs, the characteristic peaks of
carbonyl and hydroxyl introduced by -COOH, obviously
appeared in the spectrum of MWNTs-COOH (Fig. 4b).
The peaks at 3420 and 1720 cm-1 belonged to stretching
vibration of O-H and C 0 O respectively. The characteristic
peaks of pure MIPs (Fig. 4d) also appeared in the spectrum
of MWNTs/MIPs, as shown in Fig. 4c, the peaks at 3053
and 2935 cm-1 were contributed by -CH3 and -CH2 on the

Fig. 3 Effect of the molar ratios of template to monomer for MWNTs/
MIPs and MWNTs/NIPs on the binding of Ribarivin

Table 1 Imprinted ratio of MWNTs/MIPs prepared from different
molar ratios of template to monomer

Template :monomer
(molar ratio)

MWNTs-MIPs MWNTs-NIPs Imprinted
ratioQ Q

1:1 5.27 5.14 1.03

1:2 6.70 5.78 1.15

1:4 10.50 6.35 1.65

1:8 7.71 6.22 1.23

Fig. 4 FTIR spectra. a received MWNTs; b MWNTs-COOH; c
MWNTs/MIPs; d pure MIPs
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surface of the MWNTs, and the peak at 1114 cm-1 which was
assigned to C-N or C-O stretching vibrations. All these ad-
sorption bands suggested composites of multiwalled carbon
nanotubes and molecularly imprinted polymers were formed.

TG of MWNTs-MIPs

On the basis of the different thermal stability between the
imprinted polymer and MWNTs, the TGA measurements
were used to provide evidence indicating that the polymer
was formed on the surface of the MWNTs. Figure 5 showed

TGAweight loss curves of the received MWNTs, MWNTs-
COOH, MWNTs/MIPs, and pure MIPs respectively. As
shown in Fig. 5a, the received MWNTs lost some weight
under 300 °C, which may be caused by a few impurities.
The acid-processed MWNTs showed a small weight loss of
approximately 10.1 % in the whole process which was
attributed primarily to the release of water molecules and
the decomposition of –COOH (Fig. 5b). However, the TGA
curve of MWNTs/MIPs had a dramatic weight loss similar
to pure MIPs in the 300-450 °C region. At 300 °C, the
weight of MWNTs/MIPs was 93.9 %, while at 450 °C, the
weight of it was 38.0 %, and this dramatic loss of weight
was caused by the decomposition of organic imprinted
polymer coated on the surface of the acid-processed
MWNTs. In accordance with the quality of MWNTs/MIPs
obtained, the imprinted layer content coated on the MWNTs
could be estimated by subtracting the quantity of MWNTs-
COOH, and the imprinted layer accounted for about 70 % of
the total weight.

SEM images of MWNTs/MIPs

The SEM images of received-MWNTs, MWNTs-COOH
and MWNTs/MIPs were shown in Fig. 6, it could be seen
that the acid-processed MWNTs, which were used as sup-
ports for the MWNTs/MIPs, showed a morphology similar
to received-MWNTs, but gathering and winding degree of

Fig. 5 TGA at a heating rate of 10ºC min-1 from room temperature to
900ºC under N2 atmosphere a received MWNTs; bMWNTs-COOH; c
MWNTs/MIPs; d pure MIP

(a) 22000 (b)  22000    

(c) 55000 (d)  55000 

Fig. 6 SEM images of a
Received-MWNTs; b, c acid
processed MWNTs (MWNTs-
COOH); d MWNTs/MIPs
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carbon nanotubes reduced. This kind of situation could be
also confirmed by the phenomenon, i,e, MWNTs-COOH in
the water could form stable suspended solids ,but received-
MWNTs could not.

It can be seen that the average diameter of carbon nano-
tubes in MWNTs/MIPs (Fig. 6d) were obviously larger than
that of MWNTs-COOH (Fig. 6b) obviously, indicating that
MIPs were coated on the surface of the MWNTs. And the
ablation phenomena of the imprinted polymer on the com-
posites further supported the formation of the MWNTs/
MIPs when SEM test was carried out.

Binding experiments

Binding experiments were carried out at room temperature
in this paper. If the temperature was too low, mass transfer
efficiency of MIPs would reduce. A high temperature would
cause swell of imprinted polymers[12], and it affected the
three-dimensional network structure of the MIPs which
matched with the template molecule.

The curves of adsorption kinetics were shown in Fig. 7.
This was the typical kinetic curve for most rebinding process-
es. The adsorption kinetics data showed that the adsorption
rate was fast in the first 2 h and that equilibrium was achieved
in 4 h. It could be clearly observed that the adsorbance Q of
Ribavirin increased with time, and a higher amount was
absorbed by MWNTs /MIPs compared with MWNTs /NIPs.

The binding isotherm was studied by changing Ribavirin
concentration in the range of 0.2-1.2 mg.mL-1. The results
were shown in Fig. 8. It could be seen that the amounts of
Ribavirin bound to both MWNTs/MIPs and MWNTs/NIPs
at equilibrium concentration increased along with the in-
crease of the initial concentration of Ribavirin, but the
binding amount of Ribavirin on MWNTs/MIPs was greater
than that on MWNTs/NIPs in the whole concentration
range. This result indicated that the MWNTs/MIPs had a
specific binding capacity for the template molecule.

In order to verify the selectivity of MWNTs/MIPs for
Ribavirin, the selectivity test of MWNTs/MIPs and
MWNTs/NIPs were performed by using Telbivudine and
S-Napoxen as the structure related compounds. The
amounts bound to MWNTs/MIPs and MWNTs/NIPs were
also determined by adsorption method mentioned above.
The obtained Q of the substrates was shown in Fig. 9. It
was obvious that the binding capacity of Telbivudine and S-
Napoxen was also much lower than that of Ribavirin, which
confirmed that the MWNTs/MIPs had a good selectivity for
recognition, and the chemical structure of Telbivudine with
Ribavirin was closer than that of S-Napoxen, so the adsorp-
tion capacity of Telbivudine was greater than that of S-
Napoxen. As one of the artificial receipted materials, the
key property of the molecularly imprinted polymers was its
capability of special adsorption and selective recognition for
template molecule, which was based on the imprinted cav-
ities in complement to the size, shape, and functionality of
the template molecule [20]. The selective recognition for
Ribavirin of MWNTs/MIPs may be attributed to the shape

Fig. 7 The adsorption kinetics process on MWNTs/MIPs and
MWNTs/NIPs. 2 ml Ribavirin solution of 1 mg/mL with 20 mg of
the polymers for 6 h

Fig. 8 Binding isotherm of MWNTs /MIPs and MWNTs/NIPs. 2 ml of
Ribavirin solution with 20 mg of the polymers for 6 h

Fig. 9 Comparison of binding specificity for different compound. 2 ml
Ribavirin, Telbivudine and S-Napoxen solution of 1 mg/mL with
20 mg of the polymers for 6 h respectively

J Polym Res (2012) 19:9942 Page 5 of 6



selective fitting of Ribavirin into complementary cavities
created in the MWNTs /MIPs during the imprinting
procedure.

Conclusions

New MWNTs/MIPs composites for the specific binding of
Ribavirin were prepared by using the molecular imprinting
method. Molecularly imprinted polymer could be coated on
the surface ofMWNTs. TheMIPs formed on the nanotube were
about 70 % amount of the total weight of the MWNTs/MIPs.
With 1:4 of molar ratio of template to monomer, best binding
capacity as well as imprinted effect was obtained. The resulting
MWNTs/MIPs possessed a faster adsorption dynamics, higher
selectivity for Ribavirin. The present imprinting method is a
potential method for the preparation of the receptors which can
recognize water soluble compounds in aqueous media.
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