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Metal ions-Coordinated Carboxymethylated Chitosans Grafted 

Carbon Nanotubes with Enhanced Antibacterial Properties 

Xiangping Hao,a Shougang Chen,*a Hui Yu,a Dan Liu,a and Weixiang Suna 

Covalent bonding of multiwalled carbon nanotubes (MWCNTs) with the carboxymethyl chitosan (CmCs) were prepared by 

the grafting method. The reaction products were confirmed by the Fourier transform infrared spectroscopy (FTIR). The 

transmission electron microscopy (TEM) images and the thermogravimetric analysis (TGA) showed that the MWCNTs were 

coated by the CmCs uniformly, and the solubility and stability of composites also increased in Dimethyl sulfoxide (DMSO) 

and aqueous solutions.  The multiwalled carbon nanotubes (MWCNTs) with carboxymethyl chitosan (CmCs) composites 

have been prepared in this work. It has been found that MWCNTs were coated by the CmCs uniformly and the solubility 

and stability of composites also increased in Dimethyl sulfoxide (DMSO) and aqueous solutions. The Cu and Zn ions were 

further coordinated to the MWCNT-CmCs composites. The MWCNT-CmCs metal complex showed slower release rate than 

CmCs metal complex by the conductivity measurements. The results have confirmed the coordinated MWCNT-CmCs 

exhibited excellent antibacterial activity against Staphylococcus aureus (S.aureus), Escherichia coli (E.coli) and Vibrio 

anguillarum. The susceptibility of MWCNT-CmCs-Cu against bacteria was more pronounced than that of MWCNT-CmCs-Zn, 

and all the complex materials illustrated more excellent antibacterial ability for S. aureus. MWCNT-CmCs metals complex 

still illstrated good antibacterial property against S.aureus after 21days.  These results hinted that the composites possess 

great potential to be an alternative to other antifouling agents. 

1. Introduction 

Trisubstituted organotin compounds (OTCs) has been 

widely used in antifouling paint in the marine industry since 

1950s because of its high efficient biocidal properties.
1, 2

 

However, the severe side-effect of OTCs on the mari   ne 

organisms has been regularly reported.
3, 4 

More and more 

investigators
5-8

 confirmed that the OTCs take severe negative 

effects, such as shell thickening, growth anomalies in oysters 

and reduction of growth in mussels. Hence, the application of 

antifouling paint containing OTCs had been suggested to be 

prohibited from using from 1st January 2008. It is therefore 

necessary to investigate new environmentally friendly 

antifouling materials. Cu-base and Zn-base antifouling 

products are now receiving considerable attentions.
9-14

 

However, the long-term antibacterial performance was 

reported to be inferior due to the fast metal release during 

service and further improvement is needed.
9, 12, 13

  

How to decrease the release rate of antifoulant under the 

condition of increasing and/or retaining the antifouling 

properties is an important issue. The carbon nanotubes (CNTs) 

caught our attention for its unique structure. In previous 

studies, the CNTs had been used in antifouling coatings, which 

obviously reduce the adhesion of algae and barnacles.15 In 

addition, incorporation of CNTs to the complex materials has 

been found to improve the stiffness and strength of coatings. 
16 Various polymers including polystyrene,17, 18 poly (vinyl 

alcohol),19 poly (styrene sulfonate),20 poly (phenylacetylene),21 

polyacetylene22 and poly (butyl methacrylate)23 were used to 

improve the dispersity ability of CNTs. However, most of 

polymers are derivatives of limited fossil resources or 

nonrenewable resources, which are hazardous or unfriendly to 

the environment. Chitosan, with one amino group and two 

hydroxyl groups, the deacetylated product of chitin, is the 

second most abundant natural biopolymer on the earth.24 It is 

one type of nontoxic polymer, which contains the properties of 

biodegradability and biocompatibility.25, 26  

In this article, the MWCNTs-grafted carboxymethylated 

chitosan (CmCs) composites which possessed excellent 

solubility and stability both in DMSO and aqueous solution 

were covalently synthesized. The metal ions (Cu2+, Zn2+) were 

coordinated with CmCs by the amino and hydroxyl groups.27-

29The experimental results also exhibited the complex 

materials had admirable antibacterial properties for S.aureus, 

E.coli and Vibrio anguillarum. At the same time, we found the 

release rate of metal ions is obviously slower than CmCs-metal 

complex materials by the conductivity measurement, and we 

studied the long-term antibacterial activity of MWCNT-CmCs-

metal for S.aureus. Since the bacteria plays the most important 

role in the process of marine fouling, the new composites 
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could provide promising applications in environment-friendly 

antifouling technology. 

2. Experimental 

2.1 Materials  

Carboxyl MWCNTs (MWCNT-COOH) were purchased from 

Shenzhen Nanotech Port Co. (Shenzhen, China) with a 

diameter of 20-40 nm, length <5 μm and the purity >97%. 

Carboxymethyl chitosan CmCs was provided by Meilun Biotech 

Co. Ltd (Dalian, China) with its average molecular weight (MW) 

of 10
5
. Dimethylformamide was processed with molecular 

sieve for 24 hours, followed by vacuum distillation. S.aureus, 

E.coli and Vibrio anguillarum were purchased from Rishui 

Biotech Co. Ltd (Qingdao, China). 

2.2 Synthesis of MWCNT-CmCs 

To modify MWCNTs with CmCs, carboxyl groups of 

MWCNT-COOH were converted into acyl chloride groups due 

to the low reaction activity.
30

 The MWCNT-COCl could further 

react with amine and hydroxyl groups of CmCs. The reaction 

process is illustrated in Fig.1. 

 

Fig.1 Covalent functionalization of MWCNTs with CmCs.  

  The MWCNT-COOH (30mg) was suspended in anhydrous 

dimethylformamide (DMF, 20mL) with the ultrasonic 

treatment for 20 min. Then 1 mL of oxalyl chloride was added 

dropwise to the suspension of MWCNT-COOH with stirring at 

around 0℃  to 4℃  under nitrogen atmosphere. The 

suspension was stirred for 2 h and then for another 2h at room 

temperature. The excess oxalyl chloride was eliminated by 

raising the temperature to 70℃. Then, 300 mg of CmCs 

dispersed in anhydrous DMF (20 mL) was added to the 

previous mixture solution, followed by stirring at 110℃ for 48 

h. After the reaction, the solid sediment was separated by 

centrifugation, and the solid was washed thoroughly with 

deionized water, filtered through a 0.22μm microporous 

membrane repeatedly, and washed with ethanol (85%) and 

anhydrous ethanol in turn. Finally, the product obtained from 

the membrane was dried under vacuum. 

2.3 Synthesis of MWCNT-CmCs metal complex  

 Excessive metal ions (Cu
2+

, Zn
2+

) were added into the 

MWCNT-CmCs solution with stirring at room temperature. 

After 24h stirring, the mixed solution was filtered through a 

0.22μm microporous membrane and washed with deionized 

water repeatedly until no metal ions could be detected by 

Na2S. Ultimately, the sample was washed with ethanol (85%) 

and anhydrous ethanol, and then dried under vacuum. 

2.4 Characterizations 

Fourier transforms infrared spectroscopy FTIR spectra were 

recorded on a Bruker TENSOR 27 spectrometer (Bruker, 

Germany) with KBr discs. Transmission electron microscopy 

TEM images for MWCNT-COOH and MWCNT-CmCs were 

observed by Hitachi H-700 transmission electron microscope 

(Hitachi, Japan). Thermo gravimetric analysis (TGA) was 

measured by the TGA/STDA851
e
 thermal analyzer (Mettler-

Toledo, Switzerland). Conductivity properties were measured 

by the DDS-307 conductivity meter (Hongyi, China) with cell 

constant equal to 9.80 unit. 

2.5 Antibacterial test  

The antibacterial performance of MWCNT-CmCs metal 

complex against E.coli, S.aureus and Vibrio anguillarum was 

studied by the colony counting method. The mixture was 

incubated with continuous shaking at 37℃for 12h, and the 

cells were counted with a blood counting chamber. 

 Longer culturing period was evaluated by MWCNT-CmCs-

Cu and MWCNT-CmCs-Zn inhibited for S.aureus. The samples 

were shaking in Phosphate Buffered Saline (PBS, 0.1M, pH7.4) 

solution after 1day, 3days, 5days, 7days, 14days and 21days, 

respectively. After that, the mixed solution was filtered 

through a 0.22μm microporous membrane and washed with 

deionized water repeatedly until no metal ions could be 

detected by Na2S. Ultimately, the sample was washed with 

ethanol (85%) and anhydrous ethanol, and then dried under 

vacuum. The antibacterial test was same as above descriptions. 

3. Results and discussion 

3.1 Characterization of MWCNT-CmCs  

Fig.2 shows the FTIR spectra of the prepared MWCNT-

CmCs samples. It can be seen from the MWCNTs spectrum 

that the broad absorption peaks at 3156 cm
-1

 and 1714 cm
-1

 

can be associated with the O-H stretching vibration and the 

C=O stretching vibration, respectively. The strong band at 1574 

cm
-1

 is assigned to the –C=C– stretching vibration of 

MWCNTs.
31, 32

The spectrum of MWCNT-CmCs is quite different 

from MWCNT-COOH, but similar to the CmCs, implying the 

attachment of CmCs to MWCNTs. More importantly, the 

absorption peak of C=O stretching at 1664 cm
-1

 (Fig.2.b) shifts 

to 1640 cm
-1

 (Fig.2.c), which indicates that the –COOH of 

MWCNTs had reacted with the –NH2 of CmCs and the –NHCO– 

group had been formed. In addition, the weak peak at 1710 

cm
-1

 (Fig.2.c), ascribing to the ester (–COO–) band, suggests 

the reaction between –COOH of MWCNTs and –OH of CmCs. 
33

Furthermore, the broad band assigned to O–H and N–H of 

CmCs at 3574 cm
-1

 (Fig.2.b) shifting to 3424 cm
-1

 (Fig.2.c) 

which was associated to N-H stretching of acylamino, and that 

is also consistent with the above descriptions.  
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Fig.2 FTIR spectra of (a) MWCNT-COOH, (b) CmCs, (c) MWCNT-
CmCs  

The TEM images of the MWCNT-CmCs samples were 

exhibited in Fig.3. For MWCNT-COOH sample, there is no extra 

phase existed because of the smooth wall and opened tips 

(Fig.3 (a)). However, an extra organic layer for the MWCNTs 

could be observed from MWCNT-CmCs (Fig.3 (b)) since the 

covalent reaction between MWCNT and CmCs. The reaction 

mainly occurred both at the tips and on the whole surface of 

MWCNTs. Due to the existence of the polymer layers, the 

dispersion ability of MWCNT-CmCs was remarkably improved 

in aqueous solution and DMSO, and the solution can be stored 

stably for 5 months (Fig.S1) compared with MWCNTs. In 

addition, the thermostability of MWCNT-CmCs was 

extraordinarily good under 261℃ by TGA curves (Fig.S2), 

which make it possible to be applied in setting of high 

temperature. 

 

Fig.3 TEM images of (a) MWCNT-COOH, (b) MWCNT-CmCs.  

3.2 Characterization of MWCNT-CmCs-metal complex 

The FTIR spectra of the MWCNT-CmCs-metal complex 

have been shown in Fig.4. Compared with MWCNT-CmCs 

(Fig.4(a)), the non-symmetric stretching vibration peak of C=O 

at 1640 cm-1 , shifts to higher wave numbers at 1653 cm-1 in 

MWCNT-CmCs-Cu (Fig.4(b)) and 1645 cm-1 in MWCNT-CmCs-

Zn (Fig.4(c)). Correspondingly, the symmetric stretching 

vibration at 1400 cm-1 for C=O peak in Fig.4(a) shifts to the 

1406 cm
-1

 and 1403 cm
-1

 in Fig.6(b) and Fig.4(c), respectively. 

This observation could be ascribed to the coordination 

carboxyl groups between MWCNT-CmCs and metal ions, and 

the strong covalent ability of O-M causing an increase of 

distance of different C=O bands. In addition, the new 

adsorption peaks have also been found: peak at 624 cm
-1

 in 

Fig.4(b) and 620 cm
-1

 in Fig.4(c), which could be ascribed to the 

stretching vibration of O-Cu and O-Zn based on the previous 

results.
34

 It should be noted that the band at 3424 cm
-1

 in 

Fig.4(a) shifts to 3434 cm
-1

 in Fig.4(b) and to 3449 cm
-1

 in 

Fig.4(c), implying the unreacted amino and hydroxyl of 

MWCNT-CmCs have been involved in the adsorption. 

  

Fig.4 FTIR spectra of (a) MWCNT-CmCs, (b) MWCNT-CmCs-Cu, 
(c) MWCNT-CmCs-Zn  

3.3 Evaluation of antibacterial properties  
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Fig.5 Comparison of the bacteria concentrations in Luria-Bertani 

medium containing MWCNT-CmCs, CmCs-Zn ， CmCs-Cu ，
MWCNT-CmCs-Zn and MWCNT-CmCs-Cu. 

The colony counting method was used to quantitative 

analysis of antibacterial performance (Fig.5). The different 

bacteria solutions containing MWCNT-CmCs, CmCs-Zn，CmCs-

Cu， MWCNT-CmCs-Zn and MWCNT-CmCs-Cu, respectively, 
were counted with a blood counting chamber after incubated 

for 12h at 37 ℃. Compared with the blank control group, the 

bacteria concentrations for MWCNT-CmCs, CmCs-Zn，CmCs-Cu, 
MWCNT-CmCs-Zn and MWCNT-CmCs-Cu decreased to 34%, 

21%，16%，12% and 8% against S. aureus, respectively, for E. 

coli, the bacteria concentrations decreased to 50%, 24%, 20%, 
16%, 11%, and for Vibrio anguillarum, the bacteria concentration 
decreased to 62%, 27%, 25%, 20%, and 15%, respectively. From 
these results, the antibacterial performance of MWCNT-CmCs-
Cu is better than other complex materials. Moreover, all the 
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complex materials show more excellent antibacterial ability for S. 

aureus based on the reduced value of bacteria concentrations. S. 

aureus which is Gram positive bacterial, have thicker cell wall 
composed of high concentration peptidoglycan and teichoic acid, 
and these polymers take a large number of negative charges 
functional groups with the trend of the strong absorption of 
metal cation. Whereas, E.coli and Vibrio anguillarum are Gram 
negative bacterial, and this kind of bacterial cell wall contained 
lower concentration of peptidoglycan and teichoic acid as a 
result of restriction on metal ions adsorption.

35
 

3.4 Evaluation the release rate of metal ions 

 
Fig.6 The conductivity curves of (a) MWCNT-CmCs-Cu, (b) 
CmCs-Cu, (c) MWCNT-CmCs-Zn, (d) CmCs-Zn in deionized 
water. 

The release rate of metal ions could obviously affect the 
long-term antibacterial performance and service life.  In order to 
evaluate the release rate of metal ions, the same concentration 
of four-group composite solutions were prepared. As metal ions 
releasing, the conductivity of the solution will continuously 
increase along with the different immersion time. The 
conductivity curves for CmCs-Cu, MWCNT-CmCs-Cu, CmCs-Zn, 
MWCNT-CmCs-Zn were shown in Fig.6. During the initial days, 
especially in the first day, the conductivity of CmCs-Cu solution 
increases sharply, after five days, the release rate of Cu ions 
increases gently. However, the conductivity of MWCNT-CmCs-Cu 
solution kept a steadily increase from the 1st day to the 21th day, 
which indicates that the slower releasing rate for Cu ions comes 
from after adding of MWCNT. The similar change trend had also 
been observed for the composites of CmCs-Zn and MWCNT-
CmCs-Zn. Due to the presence of MWCNT, the MWCNT-CmCs 

metal composites show sustained release effect towards metal 
ions, consequently. It has been reported that the MWCNT can 
complex with metal ions like Cu

2+
 and Zn

2+
 because of the 

presence of the carboxyl group. In addition, it has been found in 
this work that the carboxyl group of MWCNTs can covalently 
react with the amino group of CmCs. The CmCs coated on the 
surface of the MWCNTs has the ability to adsorb metal ions 
because of the nitrogen atoms exist. Both of them contribute to 
the decrease of the release rate of the metal ions. 

3.5 Evaluation of long-term antibacterial properties 

 
Fig.7 Concentrations of E.coli in Luria-Bertani medium for 12h 
with (a)MWCNT-CmCs-Cu, CmCs-Cu and (b)MWCNT-CmCs-Zn, 
CmCs-Zn. Samples of vacuum drying were shaking after 
different times in PBS at room tempretures. 

 

Although, compared with MWCNT-CmCs, CmCs-Zn and 

CmCs-Zn have reasonable antibacterial properties as well, the 

long-term inhibition for bacteria was disappointed. The result 

demonstrated in Fig.7. Long-term inhibition for bacteria was 

evaluated by MWCNT-CmCs metal complex against for 

S.aureus. The result expressed that the antibacterial activities 

of CmCs-Metal groups were decreased rapidly. Fig.7.a showed 

the antibacterial property of MWCNT-CmCs-Cu and CmCs-Cu 

after shaking 1day, 3days, 7days, 14days and 21days in PBS, 

and Fig.7.b showed the antibacterial property of MWCNT-
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CmCs-Zn and CmCs-Zn after shaking different days. It obviously 

demonstrated that these results were similar with the results 

of conductivity. During the initial days, the bacteriostasis rete 

decreased sharply for all of the four groups, but after five days, 

the bacteriostasis rete of CmCs-Cu and CmCs-Zn still cut down 

rapidly. Whereas, compared with CmCs metal complex, after 

five days, the bacteriostasis rate of MWCN-CmCs metal 

complex became stable. In briefly, the MWCNT-CmCs metal 

complex expressed good antibacterial activities for a period of 

time.

4. Conclusions 

MWCNT-CmCs composites were prepared by covalently 

grafting CmCs onto the surfaces of MWCNTs. It has been 

demonstrated by FTIR spectra that the MWCNT-CmCs and 

MWNCT-CmCs-Metal were successfully prepared in this work. 

The CmCs coated both at the tips and on the whole surface of 

MWCNTs. The composites MWCNT-CmCs displayed 

remarkable solubility and stability in DMSO and aqueous 

solution. The MWCNT-CmCs showed slower release rate of 

metal ions than CmCs-metal complex since MWCNT exist. The 

antibacterial properties of the MWCNT-CmCs metal complex 

studied with S. aureus, E. coli and Vibrio anguillarum. 

Moreover, the susceptibility of MWCNT-CmCs-Cu against 

bacteria was more pronounced than that of MWCNT-CmCs-Zn, 

and all the complex materials illustrated more excellent 

antibacterial ability for S. aureus. The release rate of metal 

ions is obviously slower than CmCs-metal complex materials by 

the conductivity measurement. Corresponding with the results 

of the conductivity measurement, MWCNT-CmCs-Cu and 

MWCNT-CmCs-Zn still present good antibacterial property 

against S.aureus after 21days. The composites provide 

promising applications in a wide range of areas represented by 

the environment-friendly antifouling technology. 
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