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This study underscores the development of Ag-PEG-Ch nanocomposite film using the aqueous leaves extract of Cannabis sativa under the 

influence of ultrasound, as smart substrates for antimicrobial uses, via innovative in situ reactive and reduction pathways. Ag nanoparticles 

that are synthesized by using leaves extract and ultrasound as an energy source have emerged as nontoxic and ecofriendly.   In this study, 

silver nitrate was used as a silver precursor and PEG and chitosan were used as the polymeric stabilizer and solid support, while cannabis 

sativa leaves extract acts as a green reducing agent. This polymer metal film was characterized by FT-IR, SEM, TEM, TGA, DSC and 

antimicrobial activities. XRD peaks clearly reveals that FCC Ag nanoparticles embedded in polymer matrix, very fine Ag nanoparticles (4-

6 nm) can be synthesized through ultrasound has been proven by TEM images and TGA-DSC results show that this nanocomposite film is 

thermally stable. This nanocomposite film possesses synergistic biocidal activities also. 
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INTRODUCTION  

Since ancient times, different forms of silver have been 
used as an antimicrobial agent against infections, before 
recognizing their nanometric dimension.1 Chemical and 
physical factors associated with Ag nanoparticles such as 
size,2,3 shape and surface charge4 enhance their 
antimicrobial,5 antibacterial,6 anti-viral,7 anti-cancer 
properties8 and affect significantly the effective doses to 
inhibit the growth of microorganism. It is also useful in drug 
delivery system.9 

Nevertheless, commercially available silver-based drugs 
have shown cytotoxic effects on various experimental 
models.10,11 So, there is a growing need to develop an eco-
friendly process, which does not use toxic chemicals in the 
synthesis protocols. In a green biosynthesis of nanoparticles, 
selection of a green reducing and stabilizing agents in an 
aqueous medium are the most important issues which must 
be considered. Green biosynthesis approaches include 
biopolymers, biological molecules, and green irradiation 
method which have advantages over conventional methods 
involving hazardous chemical agents. It also enhances the 
antimicrobial activities of Ag nanoparticles and to overcome 
the adverse cytotoxic effects of silver. 

Polyethylene Glycol (PEG) is a water-soluble polymer 
and widely used in mechanical, pharmaceutical and 
cosmetic industries. PEG reduces AgNO3 and stabilizes Ag 
nanoparticles.12,13 Stabilization can be obtained due to the 
free polymer chains in solution, where aggregation is denied 
because of steric hindrance. PEG is easily permeable 
through membrane would facilitate the entry of 

nanoparticles carrying antibiotics across the membrane, 
enhance the binding of the delivered drug to the bacterial 
DNA and block drug efflux pumps.14  

Chitosan is a natural polysaccharide obtained by the 
deacetylation of chitin.15 It is a linear polyamine containing 
number of free amine groups that are readily available for 
crosslinking. This biopolymer shows unique chelating,16,17 

polycationic,18 film forming19 and antimicrobial properties20 
due to the presence of active amino and hydroxyl groups in 
polymeric matrix. Biocidal activity of chitosan has been 
studied against yeast,21 fungi, mold22,23 and bacteria.24 

Chitosan has significant advantages over others due to its 
low cytotoxicity towards mammalian cells.25,26 PEG-
Chitosan blend exhibited better physico-chemical properties 
comparable to chitosan or PEG alone.27 

Silver nanoparticles have been prepared conventionally by 
chemical method using reducing agents,28 which were later 
responsible for various biological hazards due to their 
cytotoxic effect. To cure this problem, green synthesis using 
biological molecule and the use of ultrasound as an energy 
source29,30 exhibit superiority over chemical methods. Plant 
extracts have been demonstrated to be promising reducing 
and capping agents for the biosynthesis of silver 
nanoparticles, some of them are Crocus sativus L.,31 Alpinia 
katsumadai,32 Kalopanax septemlobus,33 Acalypha indica,34 

Citrus limon,35 Alternanthera sessilis,36 Aloe vera,37 Lippia 
nodiflora,38 Pedalium murex,39 etc. Cannabis sativa is 
an herbaceous flowering plant belonging to the family 
Cannabaceae, native of eastern Asia. The plant is known to 
contain more than 113 phyto cannabinoids,40 which have 
pharmacological importance. It is widely used to treat 
schizophrenia,41 neurophatic pain,42 cancer pain,43 

chemotaxonomic purpose,44 chronic inflammation,45 
dibetes,46 multiple sclerosis,47 as an antipsychotic48 and 
analgesic drug.49 To the best of our knowledge, there has 
been no report on the green synthesis of nanoparticles using 
Cannabis sativa leaves extract. Therefore, we have 
synthesized sonochemically and characterized Ag-PEG-Ch 
nanocomposite film using Cannabis sativa leaves extract 
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as a reducing agent to convert Ag+ ion to Ag0 particle. 
Antimicrobial activities of this synthesized compound 
have also been studied. 

EXPERIMENTAL 

PEG, chitosan (Himedia, India), silver nitrate, ethanol and 
acetic acid (Fisher Scientific, India) were used as received. 
Ultrasonic cleaner 392 (Systronics, India) was used for 
ultrasonic irradiation with a frequency of 40 kHz and a 
nominal power of 115 W. 

FTIR spectra were recorded on a FT-IR Spectrometer 
(Perkin Elmer, India) Spectrum GX Range with a resolution 
of 0.15 cm-1. Spectra were scanned between 400 and 4000 
cm−1. Scan time was 20 scan s-1. XRD pattern measurement 
[Table Top X-ray Diffraction System (Rigaku Miniflex, 
USA)] was employed using monochromatic Cu kα radiation 
(λ = 1.5406 Å) operated at 40 kV and 30 mA at a 2θ angle 
pattern to study the crystal structures of the nanocomposite. 
XRD data obtained were compared with the Joint 
Committee on Powder Diffraction Standards (JCPDS) 
library to account for the crystalline structure of the 
nanocomposite. 

TEM images for polyethylene glycol-chitosan-silver 
ternary nanocomposite thin film were recorded using a 
Philips (Holland), Model: Tecnai 20, transmission electron 
microscope operating at an acceleration voltage of 200 kV. 
Electron source are W emitter and LaB6. This instrument 
uses electron beam optics to achieve very high 
magnifications of the order of 7,50,000x. 

Thermal Analysis (DSC and TGA) – Perkin Elmer (India) 
Pyris-1 DSC, Pyris-1 TGA was used to analyze 
nanocomposite thin film. Temperature range for TGA was 
room temperature to 700ºC and for DSC, it was 40ºC to 
400ºC. All observations were carried out under nitrogen 
atmosphere. 

Preparation of C. sativa leaves extract 

Fresh leaf extract of C. sativa was used to reduce Ag+ ions 
to Ago. Fresh leaves of C. sativa were collected from Dakan 
Kotra, Girwa, Udaipur. They were cleaned with distilled 
water and dried at room temperature. About 10 g of finely 
cut leaves were placed in a beaker containing double 
distilled water (100 mL) and boiled for 10 min before 
decanting. Then the extract was cooled down and filtered 
through Whatman filter paper No.1 and stored at 4 C for 
further use. 

Synthesis of Ag-PEG-Ch nanocomposite thin film 

All the reactions were carried out in an ultrasonic bath. 0.2 
g of chitosan was dissolved in 100 mL of 2% aqueous acetic 
acid and irradiated with ultrasound for 20 min. to obtain 
clear solution. Reaction of PEG (0.01 M) with silver nitrate 
(0.01 M, in 5 mL of C. sativa aqueous leaf extract) was 
carried out for 2 h under the influence of ultrasound to give 
PEG dialdehyde with silver nanoparticles.Change in colour 
from light yellow to dark brown, indicated the formation of 
AgNPs. Chitosan solution was added dropwise in ethanol, 

and then added freshly prepared PEG dialdehyde with silver 
nanoparticles and few drops of HCl to crosslink the polymer. 
This solution was washed with DD water and ethanol then 
centrifuged. Glass slides were cut to 20 mm × 15 mm to fit 
the spin coater, cleaned by sonication in acetone, and 
allowed to dry. A total of 0.2 mL of the prepared 
nanocomposite solution was coated onto the glass slide by 
spin coating at 500 rpm for 120 s. The resulting films were 
allowed to dry in vacuum.  

Assessment of antimicrobial assay  

Synthesized Ag-PEG-Ch nanocomposite using leaves 
extract of C. sativa was analyzed for antimicrobial activity 
against two Gram positive bacterial strains such as S. aureus 
(MTCC 96) and S. pyogenus (MTCC 442), two Gram 
negative bacterial strains like E. coli (MTCC 443) and P. 
aeruginosa (MTCC 1688). Antifungal studies were also 
carried out on three fungal strains such as C.albicans 
(MTCC 227), A.niger (MTCC 282) and A.clavatus (MTCC 
1323) at Microcare Laboratory, Surat, India. 

The minimum inhibitory concentration (MIC) for the 
sample was evaluated using Broth dilution method to 
determine the antibacterial and antifungal activity against 
various bacterial and fungal strains.50 The bacterial stock 
cultures were incubated for 24 h at 37 ◦C in Nutrient Agar 
media and while the fungal stock cultures were incubated 
for 72 h at 28 ◦C in potato dextrose agar media followed by 
refrigeration storage at 4 ◦C. The stock cultures were 
maintained at 4 ◦C.  

RESULTS AND DISCUSSION 

FTIR Spectrum of Ag-PEG-Ch thin film shows the 
combination of the IR absorption characteristic of PEG and 
chitosan (figure 1). Band appearing at 3429 cm-1 is due to 
the overlapping of O-H and N-H stretching, 2923 cm-1 is 
due to for C-H stretching, bands at 1631 cm-1 and 1524 cm-1 
are due to the N-H bending. A medium band that appears at 
1384 cm-1, is a significant band that confirms the formation 
of metallopolymer (Ag-PEG-Ch).51 

XRD patterns of Ag-PEG-Chnano composites are shown 
in figure 2. Two medium peaks appearing at 2θ values of 
19.5 and 22.9 are confined to the polymeric chains (chitosan 
and PEG). The main peaks around 2θ values of 38.4, 44.2, 
64.5 and 77.7 with 111, 200,220 and 311diffraction 
respectively are related to Face Centered Cubic (FCC) 
crystalline structure of silver in a polymeric matrix, which is 
supported by the JCPDS file no. 89-3722.. Therefore, this 
gives clear evidence for the presence of FCC Ag 
nanoparticles in Ag-PEG-Ch nanocomposite film. 

The average particle size of the nanocomposite was 
calculated by the Debye-Scherrer equation and is estimated 
to be 6 nm, which clearly demonstrate that finer Ag 
nanoparticles can be synthesize by the use of ultrasound as 
compared to those by other methods.52 In addition, some 
unassigned peaks might have resulted due to the capping 
agent stabilising the Ag nanoparticles, which may be due to 
the bioorganic compounds in a plant extract used.53,54 These 
peaks are weaker than the peaks for Ag nanoparticles. 
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Topographical analysis  

Transmission electron microscopy (TEM) studies of 
Chitosan-PEG-Ag nanocomposites were carried to study the 
particle size. TEM produces high resolution, black and 
white images from the interaction between energetic 
electrons and samples in the vacuum chamber. TEM 
provides morphological, topographical, compositional and 
crystalline information. A typical TEM, and histogram 
image of the nanocomposite is shown in figure 3. TEM 
image (Figure 3A) shows the dispersed homogeneous 
particles with diameters of around 13-14 nm. The dark part 
indicates Chitosan-PEG blend wrapped over Ag 
nanoparticles. TEM image (Figure 3B) shows the particles 
size of Ag is around 4-6 nm, which signify the use of 
ultrasound in the synthesis of nanoparticles over chemical 
method.2 

 

 

 

 

 

 

 

 

Figure 1. FTIR spectrum of Ag-PEG-Ch nanocomposite film. 

 

 

 

 

 

 

 

 

Figure 2. XRD of Ag-PEG-Ch nanocomposite film. 

 

Thermal analysis  

The TGA curve recorded the weight loss during heating and 
the DSC curve describes changes in the reaction enthalpy 
during the degradation process. The TG thermogram of Ag-
PEG-Ch ternary nanocomposite analysis is depicted in 
Figure 4 A. This nanocomposite exhibits three-stage 
decomposition process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. TEM images of Ag-PEG-Ch nanocomposite film. 

The first stage (100-450 oC; weight loss 10.57%) 
decomposition may be due to expulsion of bound water 
molecules present in the PEG-Chitosan-Silver ternary 
nanocomposite. In the second stage, decomposition (451-
650 oC; weight loss 43.34 %) corresponds to the loss of side 
group elimination attached to the aromatic nucleus, and final 
stage of decomposition (651-950 oC; weight loss 15.08 %) is 
probably due to main chain scission, which ultimately 
results in depolymerization into aromatic moieties. The 
ceramic yield of synthesized nanocomposite was found 
about 31.34 %. The result clearly reveals that PEG-
Chitosan-Silver ternary nanocomposite exhibit synergistic 
effect in thermal stability.55,56 

By contrast, in the DSC curve, only one thermal event, 
endothermic, is clearly distinguished up to 510 oC (Figure 4 
B).In broad strokes, these thermal events are related to 
dehydration and thermal degradation processes, including 
the depolymerization degree at different stages as well as the 
secondary decomposition stage of pectin present in 
nanocomposite. According to the DSC curve, this broad 
endothermic event at 205.13 oC (with area swept in 
endotherm 189.436 mJ and enthalpy change 64.6732 J g-1) 
can be identified. It is known that the higher melting points 
of nanocomposite are associated with many factors, 
including intramolecular interactions through hydrogen-
bonded functional linkages and structural regularity and 
rigidity of macromolecules. This film is water soluble also. 
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Figure 4 A and B. TGA and DSC curve of PEG-Ch_Ag 
nanocomposite film, respectively. 

 

Antimicrobial Activities 

The antimicrobial activity of Ag-PEG-Ch 
nanocompositeusing C. sativa leaves extract was studied 
against four pathogenic bacterial strains, two Gram positive 
(S. aureusMTCC 96 andS. pyogenus MTCC 442) and  two 
Gram negative (E. coli MTCC 443 andP. aeruginosa MTCC 
1688) and three fungal strains (C. albicans MTCC 227, 

A.niger MTCC 282 and A.clavatus MTCC 1323). 
Antimicrobial activity of the synthesizedAg-PEG-Ch 
nanocomposite was assessed in terms of minimum 
inhibitory concentration (MIC).57 MIC is the lowest 
concentration of antibiotic in a culture media that will 
prevent growth. To find MIC, bacteria/fungi were grown on 
different concentration of antibiotic and obtained a 
concentration of antibiotic on which bacteria/fungi can 
grow:The lowest concentration that inhibited the growth of 
bacteria/fungi was considered as the MIC.The results of 
antibacterial and antifungal activity of nanocomposite are 
shown in Fig. 5 and Table 1. 

Ag-PEG-Ch nanocomposite using C. sativa leaves extract 
shows most effective antibacterial and antifungal activity as 
compared to C. sativa leaves extract and Ag nanoparticles 
alone. 

CONCLUSION  

This study focuses on the green synthesis of silver 
nanoparticles without any reducing agent by the use of 
cannabis sativa leaves extract and stabilize them in a 
polyethylene glycol-chitosan matrix, which are 
biodegradable polymers. Ultrasound as an energy source has 
been used in whole process, so this entire process covers the 
principles of green chemistry. The structure, morphology 
and thermal stability of the Ag-PEG–Ch were studied by 

FTIR, XRD, TEM, TGA and DSC. This supports the strong 
interaction of PEG with Chitosan molecules, which 
interferes with its crystalline structure and use of ultrasound 
in the synthesis of fine Ag nanoparticles (6 nm) with FCC 
sturcture. C. sativa aqueous leaves extract act as a 
bioreducing agent to produce silver nanoparticles. 
Nanocomposite based on chitosan, polyethylene glycol and 
silver nanoparticles exhibit better thermal stability as 
compare to Chitosan and PEG alone. This nanocomposite 
was synergistically active against different bacterial and 
fungal strains. Therefore, we believe that Ag-PEG-Ch 
nanocomposite can be used for various biomedical 
applications. 

 

Table 1. Antibacterial and antifungal activity of Ag-PEG-Ch nanocomposite.  

Antibacterial activity Antifungal activity 

  
Compound E.coli  P.aeruginosa S.aureus S.pyogenus Compound C.albicans  A.niger A.clavatus 

         

Plant extract 125 100 250 200 Plant extract 500 250 250 

Ag nanoparticles 100 75 150 90 Ag nanoparticles 500 90 100 

Ag-PEG-Ch*   62 30 60 42 Ag-PEG-Ch*   80 75 80 

Ampicillin 

(g mL-1) 

100  250 100 Greseofulvin 

(g mL-1) 

500 100 100 

Ciprofloxacin 

(g mL-1) 

25 25 50 50 Nystatin 

(g mL-1) 

100 100 100 

         

*Ag-PEG-Ch nanocomposite in plant extract 
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