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ABSTRACT 

 

In the present work, NSCS/Ag nanocomposites (NC's) containing different concentrations of Ag (1, 3 & 5 wt. 

%) were prepared using sol-cast transformation method. The resulting NC's were studied by absorption 

spectroscopy, FTIR, X-ray diffraction, scanning electron microscopy (SEM) and transformation electron 

microscopy (TEM). The characterizations showed that Ag nanoparticles dispersed homogeneously within the 

NSCS matrix. The antibacterial properties of the NC's were investigated with the Agar diffusion method in the 

Muller Hinton Agar. The result of the inhibition zone investigated in the Muller Hinton Agar and was reported. 

The antibacterial properties of NC’s proved the best antibacterial activity was obtained with 3 wt. % of Ag 

nanoparticles. It was observed that the Ag content had an effectt on the antibacterial properties of NSCS/Ag 

NC's, and the antibacterial activities of NSCS for bacterial E. coli and S. aureus were enhanced by the 

incorporation of Ag. 
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1. INTRODUCTION 
 

Chitosan (poly (1,4-β-D-glucopyranose amine) is the second most abundant polysaccharide with potential 

applications in food, agriculture, cosmetics, pharmaceuticals and biosensor industries (Rabea et al., 2003; 

Bozanic et al., 2010). Chitosan and its derivatives draw attention as a drug delivery conductor, and were broadly 

studied as nanoparticles, colonic delivery, bio-adhesive polymer and the like as referred by Illum. We have 

concentrated, in the present study, on N- succinyl chitosan (NSCS), which was obtained by preamble of succinyl 

groups into chitosan N-terminal of the glucosamine units (Ymiaguchi et al., 1981) Succinylation degree of 

(NSCS) could be easily modified by changing reaction conditions using succinic anhydride as well as the 

molecular weight of NSCS was reduced using hydrochloric acid. Although NSCS was primarily developed as a 

wound dressing material, it is also applied currently as a cosmetic material (Moist fine liquids). New wound 

dressings composed of NSCS and gelatin were also developed. Moreover, water-soluble chitin and chitosan 

including NSCS were applied for patients, as a treatment of arthritis in Japan (Hua et al., 2010). Thanks to 

appropriate biocompatibility and low toxicity, N-Succinyl-chitosan (NSCS) is a water-soluble chitosan 

derivative that has already been used in the field of wound dressings and drug transmitter (Dibrov et al., 2002). 

NSCS has unique characteristics in vitro and in vivo because of its high amount of carboxyl groups (Fan et al., 

2010). For example, normal chitosan can be dissolved in acidic water but not in alkaline, whereas highly 

succinylated NSCS (degree of succinylation > 0.65) exhibits the opposite behavior. NSCS can easily react with 

many kinds of agents due to having -NH2 and -COOH groups in its structure (Kato et al., 2000). Over recent 

years, hybrid materials based on chitosan have been developed, including metal nanoparticles, conducting 

polymers, and oxide agents, due to excellent properties of particular ingredients and excellent synergistic effects 

simultaneously (Feng et al., 2000). Metal nanoparticles are progressively finding novel applications, including 

activity as antimicrobial agents (Allaker and Ren, 2008; Allaker, 2010). The small size and the high surface to 

volume ratio of the nanoparticles increases their interaction with the microbes to carry out a broad range of 

probable antimicrobial activities (Kato et al., 2004). Silver is the most widely studied metal with regard to its 

antimicrobial activity. Feng et al. have studied the effect of silver ions on Escherichia coli and Staphylococcus 

aureus as liberated from AgNO3 and the results demonstrated significant bactericidal effects of the silver salt on 

both species. Pal et al. and Sondi and Salopek-Sondi reached high percentage reductions of E. coli populations 

treated with silver nanoparticles with a diameter of nm and observed their accumulation in the membrane as well 

as penetration to the interior of the cell (Krishna Sailaja et al., 2010; Liau et al., 1997). The silver ion, and those 

from heavy metals generally, are consideration to interact with thiol (sulfhydryl) groups (–SH) of enzymes and 

so supply to the antimicrobial properties (Feng et al., 2000; Pal et al., 2007). In the present work, N-succinyl 

chitosan/Ag nanocomposites were prepared and defined, using N-succinyl chitosan and silver nanocomposites as 

precursor and via the method of mixing. The antibacterial properties of the product were investigated by the 

Agar diffusion method and in the Muller Hinton Agar against E. coli and S. aureus. The content had an effect on 
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the properties of N-succinyl chitosan/Ag and results showed that Ag that antibacterial activities Of N-succinyl 

chitosan were enhanced by the incorporation of Ag. 

 

2. Experimental 

 

2.1. Materials 

Chitosan was purchased from the Sigma-Aldrich. The degree of deacetylation was 85.46%, and the 

molecular weight of chitosan was 2.6 ×105 as determined by a viscometric method. The silver and copper oxide 

nanoparticle with the size of 20nm and 40nm respectively was purchased from the Sigma-Aldrich. The Agar, 

Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) were prepared by Iranian Research 

Organization for Science and Technology (IROST). Deionized water was used to prepare all the solutions in this 

study. All commercially available solvents and reagents were used without further purification. 

 

2.2. N-Succinyl-chitosan (NSCS) synthesis 

Ten grams of chitosan was dissolved into 1000mL of 1 wt. % HAc solution and then transferred into a 

flask. Succinic anhydride (5g) was dissolved in acetone (100mL), and added into the flask by drop-wise for 30 

min at room temperature, and then the reaction was allowed for 4h at 40⁰C. The reaction mixture was cooled to 

room temperature. The mixture precipitated in an excess of acetone, filtered remove the solvent and then washed 

with 70, 80 and 90% acetone, respectively. Finally, the product was dried at 44⁰C under vacuum for 24h. The 

obtained white powder N-succinyl chitosan (NSCS) was 10g (Suna et al., 2011; Nidhi et al., 2009). 

 

2.3 Preparation of NSCS/Ag Nanocomposite 

First, 2gr of NSCS was dissolved into 100ml of water with magnetic stirring. Then, 1 wt. % of Ag 

nanoparticles was sonicated into 10ml of water for 4h and stirred continuously. The next, was added to the above 

solution. The mixture was sonicated for 4h after magnetic stirring. This operation was repeated identically for 

1wt%; i.e., the suspension was treated with stirrer and ultrasonic simultaneously for 4h. The viscous suspension 

was used for preparation of samples to be used for antibacterial activity test by Agar diffusion method. The same 

operation was repeated exactly for 3 and 5 wt. %. to obtain a thin film: 10ml of the thick solution was poured on 

a petri dish and left to be dried in room temperature for 48h. The synthesized film in this method was used for 

Characterization by FTIR, SEM and XRD. 

 

2.4. Characterization 

The wavelength of incident ray was selected in the range of 200-700 nm. Fourier transform infrared (FTIR) 

spectra (trans-mission) were recorded on a Perkin-Elmer Model Spectrum One in the range of 400-4000 cm-1 at 

room temperature. X-ray powder diffraction studies were carried out using X-ray diffractometer (D8 Advance, 

BRUKER, Germany) of Cu Kα radiation (k = 0.15406 nm) with the scanning rate of 0.01 /step and with 2h 

ranging from 5 to 80. The NSCS/Ag nanocomposites with thickness of approximately 20 were prepared for the 

XRD test. The morphologies of the NSCS/Ag nanocomposites were studied by scanning electron microscopy 

(SEM) on a Holland Quanta 200 SEM the charging effect. Transmission electron microscopy (TEM) 

photographs were obtained on a JEOL 2010 machine (Tokyo, Japan) at an accelerating voltage of 200 kV. 

 

2.5. Antibacterial activity test by agar diffusion method 

Antibacterial activity of NSCS/Ag nanocomposites against E. coli bacteria PTCC1399 as Gram-negative 

bacteria and S. aureus PTCC1430 as Gram-positive Bacteria was assessed to be affirmatory. Six millimeter 

discs, within five minutes of concentrated suspensions of nanocomposites were produced until was soaked. They 

were sterilized under UV light. A suspension of E. coli and S. aureus bacteria of 0.5 McFarland was prepared 

and cultured in Muller Hinton agar culture environment through spread plate method. Sample discs were placed 

on four points of the plate where S. aureus bacteria were cultured. This test was repeated for the three samples. 

Plated were placed in an incubator for 24h at 37⁰C and inhibition zone of growth diameter was measured. The 

same operation was repeated in exactly the same way on E. coli bacteria. The sample matrix NSCS was 

considered as the criterion for comparing this sample with others. 

 

3. RESULTS AND DISCUSSION 

 

3.1. FTIR spectroscopy analysis 

  3.1.1. The results of identify test of N-Succinyl Chitosan by (FTIR) 

Figure 1 shows the spectrum of NSCS. Broad and relatively strong absorption peak in the area 3436 cm-1 

corresponds to the overlapping of stretching vibration of functional groups –OH and -NH. The strong absorption 

peak in 1596cm-1 confirms the stretching vibration of amine group. The absorption band related to stretching 

vibrations of –C=O group in N-acetyl has appeared in 1658 cm-1. In 1155 cm-1, a weak peak is seen that 
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demonstrates the overlapping of stretching vibrations of –NH and –CN groups. The absorption peaks 

corresponding to stretching vibrations of –CH group appeared in 2873 cm-1 and 2911 cm-1. These observed 

absorption frequencies conform to structural specifications of Chitosan (Aiping et al., 2006). Fig 1.is the 

spectrum related to NSCS. In this spectrum, the absorption band related to the vibrations of –CH2 group 

(connected to carbonyl group) appeared in 2925 cm-1 area. The absorption bands in 3436 cm-1 and 1556 cm-1 that 

show the stretching and bending vibrations of –NH2 group have severely reduced. The absorption peak in 1648 

and 1400 cm-1 is related to stretching vibrations of –C=O and bending vibrations of –NH. These two absorption 

peaks together confirm amide structure. The reduction of absorption banks in 3436 cm-1 and 1556 cm-1 (amine 

group) and increase of absorption frequency in 1648 and 1400 cm-1 (Amide group) indicate that the 

Succinylation reactions happened on nitrogen atom of Amine group in fig. 1. 

 

 
                                        Figure 1.    FTIR spectra of chitosan (CS) and N-succinyl chitosan (NSCS). 

 

3.1.2. The results of N-succinyl Chitosan/Ag identity test on FTIR 

Figure 2 shows the spectrum of NSCS/Ag nano composites. The absorption peak related to stretching 

vibration of –OH was seen in 3230 cm-1. The appeared absorption peak in 2933 cm-1 is related to stretching 

vibrations of –CH2 group and wave value 1644 cm-1 is related to stretching vibrations of –C=O group. The 

absorption peak in 1398 cm-1 area indicates the stretching vibrations of C–C group and 1035 cm-1 is related to 

stretching vibrations of –C–H. The absorption frequency variations observed in NSCS/Ag spectrum with respect 

to NSCS confirms an interaction between silver nanoparticle and nitrogen (N) of amide group with sample 

matrix (Tripathi et al., 2011). 

 
 

Figure 2    FTIR spectra of N-succinyl chitosan pure, NSCS /Ag (1wt. %), NSCS /Ag (3wt. %),  

NSCS /Ag (5wt.%). 
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3.2. XRD analysis      

Figure 3 shows the XRD pattern for NSCS/Ag. As it is obvious in the figure, the peak points appeared in 

2θ=38.8⁰, 44.8⁰, 56.03⁰and 77.90⁰. These peak points belong to crystal planes of (111), (200), (22) and (311) 

that match the results of cubic structure with nanoparticles of silver. Compared to XRD pattern for sample matrix 

(NSCS) and the created peak points in fig. 3, it becomes clear that the formation of NSCS/Ag nanocomposites 

has been successful. 
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Figure 3    X-ray diffraction patterns of NSCS/Ag (3wt. %). 

 

3.3 SEM and TEM observation 
N-succinyl Chitosan/Ag nanocomposites with weight percentages of 1, 3 and 5 from Ag nanoparticles were 

evaluated for investigation of the dispersion of nanoparticles. Fig.4 shows the SEM and TEM images of one 

sample of N-succinyl Chitosan/Ag nanocomposites. The results of SEM and TEM show the clear images of 

homogenous dispersion of silver nanoparticles with approximate diameter of 20 nm in polymer matrix. This is 

indicative of the use of proper method in preparation of nanocomposites. Furthermore, the highlighted points 

demonstrate the silver particles on polymer level that show a diameter in nanometer scale. 
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Figure 4    (a') SEM images of pure NSCS (b, c,) SEM images of NSCS/Ag (3wt. %). (d)TEM image of 

NSCS/Ag (3wt.%). 

 

3.4 Antibacterial activities test by Agar diffusion method 

Effects of NSCS/Ag nanocomposites antibacterial against E. coli bacteria as Gram-negative bacteria and S. 

aureus as Gram-positive bacteria with 1 and 3 and 5 percentage compositions of silver nanoparticles were 

investigated. The sample matrix (NSCS) was considered as the criterion for comparing this sample with others. 

Plated were studied and compared after 24 hours (fig. 5). The comparison carried out among zones of growth 

diameters for proof samples and samples with weight percentages 1, 3 and 5 showed that as the percentage of 

silver nanoparticles increased, zone of growth diameter also changed for S. aureus. such that zone of growth 

diameter for proof sample was 8.5 mm and NSCS/Ag 1wt. %9 mm, NSCS/Ag 3wt%15.50mm and 

NSCS/Ag5wt% 10.10mm. This indicates that as silver nanoparticles composition percentage increased, sample 

matrix antibacterial features also changed significantly. The increase in antibacterial feature of NSCS/Ag 

nanocomposites with 1 and 3 and 5 percent compositions as compared with sample matrix is due to presence of 

silver nanoparticles. With regards to the size of silver particles which is 20nm in nano measurement (small size 

and higher area to volume proportion, dispersal of silver particles in bacteria culture environment increases and 

as a result it can have more effective interaction against Escherichia Coli and Staphylococcus aureus bacteria. 

This operation was conducted exactly the same way on Escherichia Coli bacteria. It was shown in these tests that 

as silver nanoparticles percentage increased, zone of growth diameter also conversed, and antibacterial property 

changes compared to sample matrix. Additionally, we observed that zone of growth diameter of S. aureus 

bacteria was bigger than that of Escherichia Coli, which is due to different contents of cell wall between Gram-

positive and Gram-negative bacteria. 

 

       
[a]                                              [b] 

 

Figure 5   The photographs of antibacterial testing of nanocomposites mats which were performed against (a) S. 

aureus (b) E. coli NSCS pure (NO. 0), NSCS/Ag 1(wt.%) (NO. 1), N-succinyl chitosan/Ag (3wt. %) (NO. 2), 

NSCS/Ag (5wt. % (NO. 3). 

 

4. Conclusion 

Novel NSCS/Ag nanocomposites were successfully prepared via a new method of mixing. The result 

showed that Ag content had an effect on the properties of NSCS/Ag nanocomposites and that antibacterial 

activities of NSCS were enhanced by the incorporation of Ag. The introduce exhibited good antibacterial 

activities and NSCS/Ag nanocomposites with (1, 3 and 5 wt %) Ag showed high antibacterial activities. The best 

antibacterial activity was 3 wt. %. Moreover, the antibacterial activities of the nanocomposites against S. aureus 

were more effective than E. coli, suggesting that such NSCS/Ag nanocomposites have the potential to be used as 

medical tools and in food industry.   
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