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	 New and economic method of functionalized Multi walled Carbon Nanotubes 
(MWCNTs) was made using neem and flax (kitan) oil separately improving their solubility as 
compared with the traditional methods. This method is initiated by ultrasoniction mixture of 
each oil separately (neem and flax) with 0.05g MWCNTs. Then the samples were dried at 90°C 
in a vacuum oven for 24 h and annealing for 1h at temperature 200oC to obtain the powder 
of MWCNTs containing functional groups treated with both oil separately. The results were 
examined by using Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy 
(TEM) to study the morphology of the surface treated with neem and flax oil. Fourier transformed 
infrared spectroscopy (FTIR) shows the formation of functional group on to MWCNTs surface 
such as C=O and COOH. Furthermore, improving the antimicrobial activity of functionalized 
MWCNTs treated with oils and reducing colonies at high consecrations of samples against E. coli, 
P. aeruginosa and S. aureus after incubated for 24h which reveals the ability of functionalized 
MWNTs in removal pathogens and enhanced the adsorption of bacteria on the surface of 
(MWCNTs), which are used in environmental applications and contaminated water such as 
filters.

Keywords: Functionalization MWCNTs, Surfactants, neem oil and flax oil, 
Bacterial adsorption,  Fatty acids (Omega-3).

	 In spite of the great development in human 
health, the antibacterial activity of plants has been 
known for several years, such as a plant is recognized 
to form useful antibacterial phytochemicals1. 
Besides, these plants and their active ingredients 
are used in traditional medicine because of the easy 
availability, low cost and negligible side effects2. 
Neem oil, known as   Azadirachta indica is a plant 
used as a source of therapeutic agents and grows 
well in the hot countries. It is considered as an 
important resource of exceptional ordinary product 
for developing medicines and has antibacterial 
properties that are used for reducing bacterial 

contamination3. Moreover, neem oil compositions 
contain fatty acids (Omega-3) represented by long 
chain of linoleic acid, oleic acid and carboxylic 
acid. Another commercially and traditional oil 
component isolated from plants is flax (kitan)  
oil  known as   Linum usitatissimum  which is 
a species of the family Linaceae and normal 
plants that developed broadly in Mediterranean. 
It’s used against a lot of diseases, like skin, 
respiratory zone and gastrointestinal tract dieses4-6. 
The compositions of flax oil is similar to neem 
oil includes Fatty acids (Omega-3) such as 
Oleic acid, Linoleic acid and Linolenic acid. 
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In previous works, using L. usitatissimum oil 
showed a significant anti-inflammatory7, anti-
arthritic8 and anti-diabetic9. Besides, these oils 
represented a very big market of minimally routes 
medicinal plant pieces particularly in Europe 
and America, which are generally dispensed as 
over-the-counter medicine. Carbon nanotubes 
(CNTs) that are represented by Single Walled 
carbon nanotubes (SWCNT) and Multi walled 
carbon nanotubes (MWCNT) become a suitable 
for several applications, with exceptional features 
like high aspect ratio, mechanical, electrical and 
thermal properties. CNTs display extraordinary 
adsorption properties towards different organic 
and inorganic compounds. The possible of surface 
functionalization produce attractive for Water 
treatment10,11. Recently, searching of biological 
and medical applications of CNTs has become 
important field of studies12. Bacteria and viruses 
can also be removed effectively by membrane 
filters made from SWCNTs or MWCNTs13-18. 
Performances of CNTs are limited because of 
their agglomeration and poor dispersion, which 
result from the van der Waals bonds among the 
graphene sheets. This drawback can be overcome 
by surface functionalization. Different methods 
for functionalization of carbon nanotube have 
reported in the literature such as non covalent 
functionalization and covalent functionalization 
to improve their dispersion ability. The common 
and simplest method is covalent functionalization 
under the oxidized treatment by various reagents 
(e.g.,nitric acid, sulfuric acid , ammonium 
hydroxide and hydrogen peroxide)  producing  
functional groups such as carboxylic, carbonyl, 
and hydroxyl on the surface of the CNTs19-21. The 
researchers are still working to find a suitable 
method to modify and functionalize CNTs 
using expensive method to improve dispersion 
as reported the side wall functionalization of 
MWCNTs by organic solvent like olive oil22, 
which improved the functionalization MWCNTs 
by ultrasonic in organic olive oil as solvent.  
	 In this work we develop new and 
economic method by using plants oil solvent to 
functionalize MWCNTs like neem and flax oil 
using ultrasonication for 1h min and increase their 
dispersion and introduce functional groups which 
lead to react with compounds and other biological 
active molecules of various sizes. The results were 

examined by using Scanning Electron Microscopy 
(SEM) and Transmission Electron Microscopy 
(TEM) to study the morphology of the surface 
treated with neem and flax oil. Fourier transformed 
infrared spectroscopy (FTIR) shows the formation 
of functional group on MWCNTs surface such as 
C=O and COOH.

Materials and Methods
Materials and Methods

Functionalization of MWCNTs with neem and 
flax oil
	 In this step raw-MWCNTs are chemically 
functionalized by ultrasonication for 1h in 
separated flask of 100 ml and  each one contain 
neem oil and flax oil, separately to produce 
carboxyl and hydroxyl functional groups. Firstly, 
using 0.05g of raw-MWCNTs that treated with 
2.5 ml of neem oil in flask of 100ml and the other 
0.05g treated with the same quantity flax oil in flask 
of 100ml. Both flasks were vortex for 10 min and 
ultrasonic in water bath ultrasonic at temperature 
of 25°C for 1has shown in Fig (1). Then treated-
MWCNTs were filtered from neem oil and flax 
oil, separately via filter method under vacuum in 
a Buchner filter with a 0.22 micro- membrane and 
washed thoroughly 400ml of Chloroform (ChCl

3
) 

to remove oil from each sample. The samples 
were dried at 90°C in a vacuum oven for 24 h and 
annealing for 2h at temperature 350oC in order to 
obtain the powder of treated MWCNTs. 
Characteristics of functionalized MWCNTs 
	 Analysis of chemical compositions of 
MWCNTs before and after treatment with neem 
and flax oil are characterized improved by using 
Fourier Transform Infrared Spectroscopy (FTIR, 
8400S, Shimadzu). Besides, microstructure and 
surface morphology of MWCNTs before and after 
treated with neem and flax oil are carried out by 
Transmission Electron Microscope (TEM, Philips 
EM208, Iran) and Scanning Electron Microscopy 
(SEM, the VEGA EasyProbe).
Antimicrobial activities of MWCNTs
	 Antibacterial activity of the treated-
MWCNTs with neem and flax oil, were performed 
by using plate count method against two types of 
bacterial strains like E. coli and P. aeruginosa 
as gram negative and S. aureus as gram positive 
bacteria supplied by (Biotechnology lab in Center 
of Nanotechnology and Advanced Material, 
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University of Technology, Iraq). The bacteria are 
cultured on N. Agar and incubated for 24 h at 37°C. 
Bacterial suspensions are diluted in saline to obtain 
bacterial samples with concentration ~107 CFU/
ml by 0.5 McFarland standards. One milliliter of 
bacterial solution was added to samples 1 mg/ml 
and 3 mg/ml of treated-MWCNTs and incubated 
in shaker incubator at 37 oC and 165 rpm for 42h. 
Then, the mixtures were serially diluted in normal 
saline for 103 and cultured on Molar Hinton Agar 
(100µl spread out on MHA). The survival colonies 
in plates are counting after 24 h incubation at 37oC 
using viable count method.

Results and Discussion

FTIR Analysis
	 FTIR spectrum is used to determine 
f u n c t i o n a l  g r o u p s  o f  M W C N Ts  a f t e r 
functionalization with neem and flax oils, 
respectively and recognize the atomic arrangement 
and concentrations of chemical bonds present in 
the sample as illustrated in Fig (2 a, b, c). 
	 FTIR analysis show IR spectrum of raw-
MWCNTs in Fig (2a) and the carboxylic groups of 
treated MWCNTs by neem oil with stretch band of 
carboxyl groups at 1762.94 cm-1 as illustrated in Fig 
(2b). Characteristic peaks of hydroxyl group (-OH) 
range of 3288 to 3705 cm-1, which are attributed 
to introduction the hydroxyl groups (attributed to 
OH stretching).The appearance bands at 2981 cm-1 
and 2850.79 cm-1 are resulted from asymmetric and 
symmetric stretch of CH stretching. Peaks at 1641 
and 1691.57 cm”1 are resulted from C=C stretching 
of CNTs13. Peak of 1575.84 cm-1 were related to the 
characteristic absorption peak of carbon nanotubes, 
which proved that MWCNTs were preserved after 
undergone treatment with oil plant like neem.
	 In case of treated MWCNTs with flax 
(kitan) oil, there is absorption peaks signal which 
are observed in the IR spectrum of functionalized 
MWCNTs as shown in Fig (2c) indicating the 
introduction of hydroxyl groups bound successfully 
as compared with raw-MWCNTs (2a). The peaks at 
1591 and 1051 are attributed to the C-O backbone 
stretching mode. While the peaks at 1670, 1764 
and 3217 ~ 3784 cm-1 corresponding to C=C, C=O 
and O-H bonds, respectively that observed after 
the samples are treated with flax oil contain fatty 
acids. Besides, peaks at 2918 and 2970 cm-1 were 

arising from asymmetric and symmetric stretching 
of C-H. The peaks at 1442, 1352cm”1 are due to 
O-H bending deformation in -COOH.
	 As shown in FTIR results in Fig (2), they 
imply the efficient of plants oils in functionalized 
MWCNTs because of the fatty acids in their 
composition which represented by long chain of 
O–H and –COOH  as agreement with previous 
results using olive oil in treated MWCNTs 22.
TEM Analysis of Functionalized MWCNTs 
using neem and flax (kitan) oil
	 Transmission Electron Microscope 
(TEM), analysis was used to study the morphology 
of raw-MWCNTs (3 a) and treated MWCNTs 
with neem and flax oil respectively, at as shown 
in Fig (3 b,c), respectively. In Fig (3 b), treated 
MWCNTs with neem oil resulting in short and 
individual bundles, and there was no MWCNTs 
structural damaged occurred after treated with 
neem oil. Besides, TEM micrograph of treated 
MWCNTs samples with flax (kitan) oil revealed 
that there were no MWCNTs structural damaged 
occurred and the twisted tubes of F-MWCNTs 
results as compared with raw-MWCNTs due to 
the role of oils, while the length of F-MWNT has 
no significant change as shown in Fig (3c).
Antimicrobial Activity of Functionalized 
MWCNTs with neem and flax oils against 
bacteria
	 As shown in Figs (4) and (5), the 
antimicrobial activity of treated MWCNTs 
with neem and flax (kitan) oils are determined 
using plate counting method. In Fig (4 d,e,f), a 
number of  viable colonies were decreased as the 
concentrations of treated MWCNTs with neem 
increased from 1mg/ml to 3mg/ml and become 
without colonies against three types of bacteria 
as compared to the Fig (4 a,b,c) using 1mg/ml  . 
Under the same conditions, a number of viable 
colonies were decreased, exception against gram 
positive bacteria (S. aureus) as shown in (5 d,e,f) 
which indicate that treaded MWCNTs with flax 
oil is less antibacterial agents  against S. aureus as 
compared with MWCNTs treated by neem oil under 
the same conditions. Moreover, the interaction 
between the bacteria cell wall and hydrophilic 
MWCNTs results from cell wall rupture and loss of 
the integrity of the cell membrane. The percentage 
of inhibition bacteria reach (99.9%, 99.8% and 
31%) for E.coli, Pseudomonas spp. and S. aureus 
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Fig. 1. Images of treated MWCNTs with neem and flax oil in bath ultrasonic at temperature of 25°C for 1h to obtain 
carboxyl functional groups

bacteria, respectively at low concentration (1mg) of 
MWCNTs treated with neem and reach (100% ) at 
high concentration (3 mg). Besides, the percentage 
of inhibition bacteria using MWCNTs treated 
with flax oil reach (98.9% and 100%) for E.coli 
and Pseudomonas spp at low concentration (1mg)  
of MWCNTs and reach (100%) for E.coli and 
Pseudomonas spp bacteria at high concentration 
of material. While the percentage of inhibition 
bacteria against S. aureus becomes ( 0% ) in 1 mg 
and  (20% ) in  3 mg when we used MWCNTs 
treated with flax oil as shown in Fig (6). Since, the 
results reveals the activity of oils in treated method 
and absence of Lipopolysaccharide layer in gram 
positive bacteria that may function as an efficient 
barrier against any incoming biomolecule23,24.

Besides, another possibility that necessary oils 
can effectively reduce microbial respiration and 
increase plasma membrane permeability, that 
results in loss of bacterial cells after massive ion 
leakage25,26.
	 There are few studies about the mechanism 
of antimicrobial activity MWCNTs treated with 
neem and flax oil that contain Phenolic compound. 
It suggests that these compounds are multiple 
cellular targets rather than one particular site of 
action. Phenolics have exceptional ability to carry 
out redox interaction of plasma cell membrane 
and appropriate electrons from the respiration 
processes. The partial hydrophobicity of phenolics 
enables them to connect the outer membrane of 
bacteria and change the wall membrane fluidity. 
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Fig. 2. FTIR analysis of a) raw, b) treated MWCNTs with neem oil and c) treated MWCNTs with flax oil

The wall membrane has been penetrated with 
smaller phenolic compounds that entering the cell 
membrane and disrupt metabolism27-29.
Scanning Electron Microscopy (SEM) 
micrographs of bacteria adhesion
	 SEM micrographs in Figs (7 a,b,c) 
and (8 a,b,c), indicate antibacterial activity 
of functionalized MWCNTs with neem and 

flax (kitan) oil. Besides, the results indicate 
the interaction between treated MWCNTs and 
pathogen like (E. coli, P. aeruginosa and S. aureus) 
with direct oxidation and morphological changes 
of E. coli, P. aeruginosa and S. aureus adsorbed 
on treated MWCNTs deposited on PVDF filter, 
respectively.         
	 Moreover, it is remarkable that some 
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Fig. 3. TEM micrograph of a) raw-MWCNTs and treaded MWCNTs with b) neem oil and c) flax (kitan) oil

Fig. 4. Images of bacteria colonies with MWCNTs treated with neem oil using a,d) 1-3mg/ml against E. coli , b,e) 
1-3mg/ml against  P. aeruginosa  and c,f) 1-3mg/ml against S. aureus

of treated MWCNTs bundle wounded around 
curved surfaces of the E. coli, P. aeruginosa and 
S. aureus due to flexibility of the bundles after 
Functionalization process which appears to be 

smaller than the bacterial cell membrane that leads 
to penetrate the cell wall membrane, changing of 
the permeability of the membranes and losing the 
integrity of cell induced by treated MWCNTs.
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Fig. 5. Images of bacteria colonies with MWCNTs treated with flax oil using a,d) 1-3mg/ml against E. coli , b,e) 
1-3mg/ml against  P. aeruginosa  and c,f) 1-3mg/ml against S. aureus

Fig. 6. The percentage of inhibition bacteria using Neem and Flax oil with MWCNTs in (1 ,3 mg/ml ) concentration

Conclusion

	 New and economic method by using 
plants oil solvent like neem and flax (kitan) oil 
to functionalize MWCNTs were improved as 
shown in FTIR and TEM results which revels the 
efficient of plants oils in functionalized MWCNTs 

because of the fatty acids in their composition 
which represented by long chain of O–H and 
–COOH and there is not extreme fragmentation 
of MWCNTs papered after oil treatments. 
Furthermore, improving the antimicrobial activity 
of MWCNTs treated with oils and resulted in 
removal pathogens and reduced number of colonies 
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Fig. 7. SEM micrograph of adhesion a) E. coli, b) Pseudomonas and c) S.auruse on functionalized MWCNTs 
deposited on PVDF filter

Fig. 8. SEM micrograph of adhesion a) E. coli, b) Pseudomonas and c) S.auruse on functionalized MWCNTs 
deposited on PVDF filter
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at high consecrations of treated MWCNTs against 
E. coli, P. aeruginosa and S. aureus.
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