
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

NJC

www.rsc.org/njc

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name RSCPublishing 

ARTICLE 

This journal is © The Royal Society of Chemistry 2013 New J. Chem., 2013, 00, 1-3 | 1 

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th December 2014, 

Accepted 00th ……. 201… 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

One step synthesis of Ag-reduced graphene oxide-

multiwalled carbon nanotubes for enhanced 

antibacterial activities 

Leila Shahriarya, Roopa Nairb, Sushma Sabharwalb, and Anjali A. Athawalea* 

The present study reports one step rapid preparation of Ag nanoparticles decorated reduced 

graphene oxide-multiwalled carbon nanotube hybrids (Ag-rGO-MWCNTs) by heating the 

mixture of graphene oxide (GO), acid functionalized multiwalled carbon nanotubes (f-

MWCNTs), and AgNO3 aqueous solution in presence of  NaOH at 80 ˚C without adding any 

external reducing agent. The product was characterized by Ultra violet-visible spectroscopy 

(UV-Vis), X-ray powder diffraction (XRD), and Energy-dispersive X-ray (EDX) analysis. 

Symmetrical shape of UV-Vis absorption peak at 398 nm indicates the presence of small and 

uniform sized Ag nanoparticles in case of Ag-rGO-MWCNTs. Moreover, the XRD peaks at 2θ 

~38.1°, 44.2°, 64.5°, and 77.5° for the above mentioned composite suggest the formation of 

metallic Ag nanoparticles. Morphology of the sample was investigated using scanning electron 

microscope (SEM). The SEM images reveal that there is a lower degree of curls, folds, 

wrinkles and aggregation in case of Ag-rGO-MWCNTs. Further, the antimicrobial activity of 

Ag-rGO-MWCNTs was examined for Escherichia coli (E. coli) and Bacillus subtilis. Positive 

results were obtained only for E. coli. For comparison, silver nanoparticles decorated reduced 

graphene oxide (Ag-rGO) and multiwalled carbon nanotubes (Ag-MWCNTs) were prepared by 

similar method and after characterization, their antimicrobial activity towards Escherichia coli 

(E. coli) was also studied. Results indicate that Ag-rGO-MWCNTs has a superior antibacterial 

activity which may be due to the synergistic effect of rGO, MWCNTs and silver nanoparticles 

compared to that of Ag-rGO and Ag-MWCNTs. Also, the possible mechanism for 

antimicrobial activity of Ag-rGO-MWCNTs has been discussed. 

 

 

 

Introduction 

Silver nanoparticles (AgNPs) are well-known for bactericidal 

activity and biocompatibility amongst all the antibacterial 

nanomaterials [1-3]. It is well known that Ag nanoparticles and 

Ag nanocomposites are valuable biocides against several kinds 

of fungi, bacteria and viruses [2]. Hence, Ag nanoparticles find 

applications as antiseptic, disinfectant and pharmaceutical 

agents [4-6]. Studies have shown that the toxicity of Ag 

nanoparticles is size dependent and the smaller sized 

nanoparticles exhibit higher antibacterial activity, due to the 

high specific surface area and easy cell penetration [2, 3]. 

Therefore, mono-dispersed Ag nanoparticles with small size are 

desirable for the antibacterial control system. Nevertheless, the 

problem of particle aggregation and nanomaterial recovery are 

two big challenges while using Ag nanoparticles for various 

applications.  

Graphene oxide (GO), a two-dimensional carbon material, has 

attracted a great deal of attention [7]. Apart from the layered 

structure with a large theoretical specific surface area [8] GO 

nano sheets contain abundant oxygen-containing surface 

groups, such as hydroxyl, epoxies, carbonyl and carboxyl 

groups [9]. The presence of such groups permit the GO sheets 

to be well dispersed in water to yield a stable suspension [10], 

and also provide nanoscale substrates for the fabrication of 

flexible GO based composite materials [11]. 

However, the formation of reduced GO in aqueous solution 

results in the aggregation of sheets due to hydrophobic nature 

and induces strong π–π interactions when the oxygen-

containing functional groups are removed during the reduction 

process [12]. Important drawbacks in the synthesis of graphene 

are the difficulty in isolating single layer and its tendency to 

curl, fold and corrugate due to the flexibility of sheets [13]. As 

a result, graphene shows lower surface area and conductivity 
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compared to the predicted theoretical value. In addition, it has 

been found that GO and rGO exhibit strong antibacterial 

activity towards Escherichia coli (E. coli) [14-15]. The 

antibacterial activity of GO and rGO has been attributed to 

factors such as aggregation, size and membrane stress. Less 

aggregation and smaller size of GO nano sheets have higher 

toxicity than those with large size and higher degree of 

aggregation. Membrane stress induced by sharp edges of 

graphene nanosheets may result in physical damages on cell 

membranes, leading to loss of the bacterial membrane integrity 

and the leakage of RNA.  

 Hence, preparation of individual graphene sheets is rather 

critical. On the other hand, metal nanoparticles can interact 

with the GO sheets through electrostatic binding, physio 

sorption and charge-transfer interactions. Large GO sheets act 

as excellent supports and stabilizer [16] for the Ag 

nanoparticles, avoiding nanoparticles aggregation. Therefore, 

assembling the Ag nanoparticles on GO sheets can remarkably 

enhance the antibacterial activity.  

Moreover, the antimicrobial activity of carbon nanotubes 

(CNTs) has been found to be the synergy of both “physical” 

and “chemical” effects [17]. Intensive physical interactions 

between CNTs and bacterial cells when they are in direct 

contact, may cause physical damages on cell membranes, and 

result in the release of intracellular contents [17-18]. At the 

same time, some “small” CNTs can enter the bacterial cells, 

while other “larger” CNTs aggregate, and may stick on the 

surface of bacterial cells [19-21].  It has been reported that the 

antimicrobial mechanism, proposed for carbon nanotubes, is 

applicable to graphene-based materials. As previously, 

proposed, cytotoxicity mechanism for the CNTs and graphene 

based material are parallel [17, 22].   

However, aggregation of nanomaterials such as CNTs, 

graphene, rGO, and fullerenes significantly influence the 

interactions between nanoparticles and bacteria. Therefore, 

smart and distinctive hybrid materials containing AgNPs, 

graphene, and CNTs could overcome limitations of individual 

components such as aggregation, uniform distribution of 

nanomaterials, and may also be cost effective.  

The present paper shows one-pot approach towards the rapid 

synthesis of silver deposited on reduced graphene oxide-

multiwalled carbon nanotubes (Ag-rGO-MWCNTs). The 

formation of Ag-rGO-MWCNTs is accomplished by directly 

heating the mixture of GO,  acid functionalized MWCNTs (f-

MWCNTs) and AgNO3 aqueous solution in the presence of 

sodium hydroxide at 80 °C for 10 min under stirring condition 

without using additional reducing agent and a surface modifier. 

It seems that GO and f-MWCNTs act as reducing agents for the 

formation of AgNPs while, GO and f-MWCNTS can be 

converted into rGO and MWCNTs respectively at the same 

time under alkaline conditions. Further, Ag-MWCNTs and Ag-

rGO nanocomposites have been synthesized by similar method 

and antimicrobial activity of all three composites have been 

studied using E. coli and Bacillus subtilis as a source of 

bacteria. Positive results are obtained for E. coli. Results 

indicate that Ag-rGO-MWCNTs have higher antimicrobial 

activity towards E. coli compared to other two silver 

nanocomposites at all the studied concentrations.  

 

Experimental 
 

Reagents 

 

Graphite powder, NaNO3 (99%), NaOH, H2O2 (30%), KMnO4 (99%) 

and AgNO3 (99%) were purchased from Sigma-Aldrich (USA). 

MWCNTs were obtained from Reinste Nano Ventures Pvt. Ltd, New 

Delhi, India. Concentrated H2SO4 (96%), concentrated HCl (36%), 

NaCl (99%) and HNO3 (70%) were obtained from SD-Fine 

Chemical (SDFCL) (India).  All the chemicals were of analytical 

reagent grades and used as received, without further purifications. 

Escherichia coli (NCIM no 2563) and Bacillus subtilis (NCIM no 

2063) were supplied by National Chemical Laboratory (NCL) Pune; 

Luria Bertani (LB) and McFarland standards were purchased from 

Hi media (India). HeLa (Human epithelial carcinoma cell line) cell 

line was obtained from National Center for Cell Science, Savitribai 

Phule Pune University, Pune, India. 

 

Synthesis of GO 

 

Graphene oxide (GO) was synthesized from graphite powder 

using modified Hummer’s method [23]. In brief, 1 g of graphite 

and 0.5 g of sodium nitrate were added in 23 mL of 

concentrated sulphuric acid under constant stirring. KMnO4 (2 

g) was added gradually to the above solution while keeping the 

temperature less than 20 °C to prevent overheating and 

explosion. The mixture was stirred at 35 °C for 1 h and the 

resulting solution was diluted by adding 100 mL of water under 

vigorous stirring. To ensure the completion of reaction with 

KMnO4, after 12 h constant stirring the suspension was further 

treated with 30% H2O2 solution (5 mL). The resulting mixture 

was washed with HCl and H2O respectively, followed by 

filtration and drying the graphene oxide sheets thus obtained. 

Synthesis of acid functionalized multiwalled carbon nanotubes 

Acid (-COOH) functionalized MWCNTs (f-MWCNTs) were 

prepared by refluxing purified MWCNTs in concentrated 

HNO3 (ca. 15.8 M) for 8 h. 

 

Synthesis of Ag-rGO-MWCNTs, Ag-MWCNTs, and Ag-

rGO 

 

Composite of Ag-rGO-MWCNTs, was synthesized by initially 

taking 20 mL of aqueous dispersion of carbon nanomaterials 

(GO and f-MWCNTs 0.5 mg mL-1) containing 3 mM AgNO3 in 

a beaker. The solution was heated to 80 ˚C under constant 

stirring followed by drop wise addition of 2.0 mL of 8 M 

NaOH aqueous solution. After complete addition of NaOH the 

reaction mixture was stirred for 10 min and then washed with 

water after centrifugation till the filtrate showed neutral pH. 

The product was dried in oven at 80 ˚C for 12 h [24]. Ag-

MWCNTs and Ag-rGO were prepared by similar method using 

dispersion of 1 mg mL-1 MWCNTs and rGO respectively. The 
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composites were characterized by using UV-Vis, SEM and 

XRD analysis. 

Characterization of samples 

Ultra violet visible (UV-Vis) spectra of samples were recorded 

on Perkin Elmer LAMBDA 950 spectrophotometer. Powder X-

ray diffraction (XRD) analyses of the samples were carried out 

on a Bruker D8 (with Cu Kα) X-ray diffractometer. Micro 

Raman spectra of the samples were recorded by using Horiba 

Jobin Yvon (France Instrument), at 532 nm laser power 1.7 

mW, 100x objective lens and 0.9 NA. Scanning electron 

microscope (SEM) images were recorded on JEOL JSM-6360 

microscope. Optical density was measured by digital 

calorimeter EQ-650A. 

 

Antimicrobial activity test:  

Bacterial Culture 

 

E. coli was chosen as the model pathogen for antibacterial 

activity experiments. E. coli were cultivated in Luria-Bertani 

nutrient broth at 37  C for 24 h to get the exponential growth 

phase. The cells were collected by centrifugation and washed 

with saline solution (0.85% NaCl, pH 7) and then re-suspended 

in physiological saline (0.85%, NaCl) solution to maintain the 

concentration of 107-108 colony forming units (CFU mL-1). The 

optimal density of bacterial cells was adjusted to 0.5 McFarland 

standards.  ll the glass apparatus and solutions used in the 

experiments were autoclaved at 121  C for 20 min to maintain 

sterile conditions. 

Measurement of minimum inhibitory concentration (MIC) 

 

The above mentioned bacterial culture was used for initially 

determining the minimum inhibitory concentration of the 

nanomaterial. The minimum inhibitory concentration (MIC) is 

defined as the lowest concentration of material that inhibits the 

growth of an organism. Different concentrations of Ag-rGO, 

Ag- MWCNTs, and Ag-rGO-MWCNT, dispersion (0, 5, 10, 15, 

20 and 25 μg mL-1) were added in LB broth. The density of E. 

coli cell was adjusted to 107- 108 CFU mL-1 and then inoculated 

into the above nanocomposites suspension followed by 

incubation at 37  C. Bacterial growth was measured as the 

increase in absorbance at 600 nm. The experiments also 

included a positive control (flask containing nanocomposites 

and nutrient media, devoid of inoculums) and a negative control 

(flask containing inoculums and nutrient media, devoid of 

nanocomposites). 

 

Cell Viability test of E. coli with Ag-rGO, Ag-MWCNTs, 

and Ag-rGO-MWCNTs 

 

The antimicrobial activities of samples were investigated with 

the help of cell viability test of E. coli by using the above 

mentioned bacterial culture. For this, experiments were carried 

out by using two different concentrations of samples (viz. 25 

and 15 μg mL-1) of Ag-rGO, Ag-MWCNTs, and Ag-rGO-

MWCNTs respectively. 

E. coli (10 μL) cells were transferred to 1 mL of the test 

solution (25 and 15 μg mL-1 Ag-rGO, Ag-MWCNTs, or Ag-

rGO-MWCNTs) in a test tube. These tubes were incubated at 

37  C with intermittent mixing after every 15 min for 2 h. The 

viability of E. coli cells was evaluated by the colony count 

method. Briefly, the above mixtures were diluted with a 

gradient method and spread on to LB plates, and left to grow 

overnight (24 h) at 37  C. Colonies were counted, and compared 

to those on control plates to calculate the cell growth inhibition. 

All treatments were prepared in duplicate and repeated at least 

thrice to check the reproducibility. Corresponding controls 

without any dispersion were run simultaneously. 

Loss of viability was calculated by the following equation (1): 

 

Loss of viability % = [Cc − Cs/ Cc] ×100                        (Eq.1)  

where Cc is  colony count of control, and  Cs is  colony count 

of samples after incubation with suspensions. 

The effect of time on cell viability was studied by adding 10 μl 

of E. coli cells into nanocomposite viz Ag-rGO, Ag-MWCNTs, 

or Ag-rGO-MWCNTs dispersion of concentration 20 μg mL-1, 

20 μl of above mixture was spread after every hour on  Luria-

Bertani agar plates and the loss of viability of E. coli was 

counted upto 4 h. 

The morphological changes of E. coli on treatment with Ag-

rGO, Ag-MWCNTs, Ag-rGO-MWCNTs were observed with a 

scanning electron microscope (SEM). Bacterial cells were 

harvested after the exposure, fixed in glutaraldehyde (2.5% v/v 

phosphate buffer, pH 7.2) and dehydrated by sequential 

treatment with 50, 60, 70, 80, 90, 95, and 100% ethanol for 15 

min. The dried cells were sputter-coated with platinum for SEM 

imaging.   

 

Cell culture  

 

Hela cell line was cultured in Dulbecco’s Modified Eagle 

Medium (DMEM). Cultured media were supplemented with 

10% fetal calf serum and 1% antibiotic solution. The cells were 

grown in humidified atmosphere containing 5% CO2 at 37 °C 

for 24 h. 

 

Cytotoxicity activity 

 

Cell viability was evaluated by the 3-(4, 5-dimethylthiazol- 2-

yl)-2,5-diphenyltetrazolium bromide (MTT colorimetric 

technique). This assay is based on the metabolic reduction of 

soluble MTT by mitochondrial enzyme activity of viable cells 

into an insoluble colored formazan product, which can be 

measured spectrophotometrically after dissolving in DMSO. 

Hela cancer cell lines were seeded in well tissue culture plates. 

Stock solution of nanocomposites (Ag-rGO, Ag-MWCNTs, and 

Ag-rGO-MWCNTs) were prepared in sterile distilled water and 

diluted to required concentration (25-250 μg mL-1) using cell 
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culture medium. Appropriate concentration of nanocomposites 

stock solution were added to the cultures to obtain respective 

concentration of nanocomposites and further incubated for 24, 

48, 72 and 96 h, and MTT assay was carried out. The MTT 

solution (20 μL, 5 mg mL-1) prepared in 10 mM phosphate 

buffer was added to each well and incubated for 4 h.  The 

purple formazan product was dissolved by addition of 100 μL 

of 100% DMSO for 5 min. The plates were placed on shaker 

for 15 min to complete solubilisation of crystal, and the optical 

density of each well was determined. The amount of formazan 

product was measured by measuring absorbance, as it is 

directly proportional to the number of living cells in culture. 

The absorbance was measured at 570 and 630 nm using an 

ELISA plate reader, and the viability was calculated. Data were 

collected for three replicates each and were used to calculate 

the mean. The percentage inhibition was calculated from this 

data by equation 2: 

% Inhibition = Mean OD of untreated cells (control)/ Mean OD 

of treated cells (control) × 100                                    (Eq.2)    

Cytomorphological changes in Hela cells by nanocomposites 

Hela cells (1× 105 cells/well) were seeded in a 6 well plate for 

24 h. After 24 h, they were treated with nanocomposites 

(concentration 50 μg/ml) and incubated for 48 h at 37 °C in 5% 

CO2 atmosphere. The treated cover slips were transferred into 

another 6-well plate where the cells were fixed with 1% 

paraformaldehyde. Cover slips were washed with PBS, dipped 

in alcohol and allowed to dry. Further, the coverslip was dipped 

in xylene and mounted using distrene plasticizer xylene (DPX). 

The images were taken in a Carl Zeiss Axio Scope A1 

fluorescent microscope in the bright field mode. 

 

Results and discussion 

 
Material characterization 

 

Ag-rGO-MWCNTs, Ag-rGO, Ag-MWCNTs, composites were  

prepared by heating the mixture of GO, MWCNTs (0.5 mgmL-1) and 

AgNO3 (3 mM) aqueous solution in the presence of sodium 

hydroxide (2.0 mL of 8 M) at 80 °C under constant stirring. The 

reaction was completed in 10 min without extra reducing agent [25]. 

Fig.1.A shows the UV-Vis spectra of GO, MWCNTs, 

GO+MWCNTs (physically mixture), Ag-rGO, Ag-MWCNTs, 

and Ag-rGO-MWCNTs composites.  

The peak observed at 230, 260 and 235 nm (spectrum a, b and c 

dashed line) for GO, f-MWCNTs and GO+f-MWCNTs 

respectively represents the π-π* transitions of C-C aromatic 

ring, while the shoulder at ~308 nm in case of GO and GO+f-

MWCNTs (a, and c dashed line) corresponds to n-π* transition 

of C=O bond [25-26]. In contrast, the UV-Vis spectrum of the 

Ag-rGO, Ag-MWCNTs and Ag-rGO-MWCNTs composites (a, 

b, c solid line respectively) display an absorption band at about 

420, 406, and 398 nm, respectively which is the characteristic 

absorption band of Ag nanoparticles due to Plasmon resonance 

[27], indicating that Ag nanoparticles are deposited on the GO, 

MWCNTs and rGO-MWCNTs nanomaterials. According to the 

Mie theory, when the solution system is mono-dispersed 

(narrow size distribution) the peak shape is symmetric and the 

value of the full width at half maximum (FWHM) is small. 

 
 

Fig.1. (A) UV-Vis spectra of, dashed line (a) GO, (b) 

MWCNTs, (c) GO+MWCNTs  and solid line  (a) Ag-rGO, (b) 

Ag-MWCNTs, and (c) Ag-rGO-MWCNTs. (B) XRD patterns 

of (a) GO, (b) Ag-rGO, (c) MWCNTs, (d) Ag-MWCNTs, and 

(e) Ag-rGO- MWCNTs 

 

When the system is poly-dispersed, the peak shape is 

asymmetric, which suggests that the peak actually consists of 

two or more absorption peaks of different species [28]. The 

UV-Vis absorption peak at lower wavelength with symmetrical 

shape in case of Ag-rGO-MWCNTs indicates the smaller and 

uniform size of the anchored Ag nanoparticles compared to Ag-

rGO, and Ag-MWCNTs. 

The X-ray diffraction (XRD) patterns of GO (a), Ag-rGO (b), f-

MWCNTs (c), Ag-MWCNTs (d), and Ag-rGO-MWCNTs (e) 

composites are represented in Fig. 1B. The diffraction peak at 

2θ ~ 12.1˚ (Fig.1B, a) can be attributed to the 001 plane of GO 

and that at ~ 24.05˚ (Fig.1B, c)   correspond to 002 plane of 

MWCNTs, the presence of similar peaks (with positive shift) in 

the Ag-rGO (~14.05˚), and  g-MWCNTs (broad peak ~23˚-

25˚) confirm the presence of respective species in the 

composites. Furthermore, two peaks at 2θ~14.8˚ and ~26.08˚ 

(Fig.1B, e) verify the presence of rGO and MWCNTs in Ag-

rGO-MWCNTs composite. Moreover, the peaks at 2θ ~38.1˚, 

44.2˚, 64.5˚, and 77.5˚ for above mentioned composites 

(Fig.1B. a, b, c) can be respectively indexed to the 111, 200, 

220, and 311 diffractions of face centred cubic (fcc) structure of 

metallic silver (JCPDS No. 04-0783), suggesting the formation 

of metallic Ag nanoparticles. The average size of Ag 

nanoparticles has been calculated using Scherrer equation (2) 

for each sample by considering Ag 111 plane. 





cos

K
D 

                                                                  (Eq.2) 

where D is the crystallite size, λ is wavelength of the Cu Kα 

used, β is the full width at half maximum of the diffraction 

peak, K is the shape factor (0.94) and θ is the angle of 
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diffraction. The crystallite size of ~ 118, 95, and 52 nm are 

obtained for Ag nanoparticles for Ag-rGO, Ag-MWCNTs and 

Ag-rGO-MWCNTs composites respectively. The values 

obtained are comparable with those obtained from SEM 

images. 

Fig.2A illustrates the typical micro Raman spectra of f-

MWCNTs, GO, Ag-rGO, Ag-MWCNTs, and Ag-rGO-

MWCNTs samples obtained at an excitation wavelength of 532 

nm. Three distinct peaks are observed in each sample at ~1340, 

~1540 and ~ 2650 cm-1 corresponding to D band, G band and 

2D band, respectively. In the Raman D/G and 2D/D+G 

intensity ratios (ID/IG and I2D/ID+G) are usually used to evaluate 

the average size of crystalline sp2 domains and defect densities 

in graphene sheets. However, the ID/IG and I2D/ID+G ratios of 

Ag-rGO-MWCNTs hybrid (1.67 and 3.30, respectively) are 

remarkably greater than those of GO (1.13 and 1.42), and f-

MWCNTs (1.00 and 1.41), Ag-MWCNTs(1.32, 2.85), and  Ag-

rGO(1.41, 3.04) indicating higher degree of topological 

disorder and defect density together with higher degree of 

crystallinity within Ag-rGO-MWCNTs hybrid material in 

which more number of smaller sized graphitic demined are 

present. The broader width of D and G bands in case of Ag-

rGO-MWCNTs, Ag-rGO, and Ag -MWCNTs, compared to that 

of GO, and f-MWCNTs may be due to deposition of Ag 

nanoparticles [29].  

In addition, absence of characteristic peaks for Ag+ in XRD 

and Raman spectra (at 32.5° attributed to 111 plane of Ag2O 

(JCPDS 761393) in XRD and at 1068 cm-1 in Raman spectra 

[30] confirm the absence of Ag+ and presence of Ag 

nanoparticles. 

 

 
 

Fig.2.(A) Raman spectra of (a)f-MWCNTs (b)GO (c) Ag-

MWCNTs (d) Ag-rGO and (e) Ag-rGO-MWCNTs. SEM 

images of (B) GO and (C) MWCNTs. 

 

SEM was used to analyze the morphology of the sample. Fig. 

2a shows the SEM image of GO with curl, folds and 

corrugation which is due to the flexibility of sheet and Fig. 2b, 

depicts the SEM images of MWCNTs with entangled and 

aggregated tubular structure.   

 
 

Fig.3. SEM micrographs of (a) Ag-rGO, (b) Ag-MWCNTs, and 

(c) Ag-rGO-MWCNTs. Particle size distribution (a1) for Ag-

rGO, (b1) Ag-MWCNTs, (c1) Ag-rGO-MWCNTs. 

           

The SEM images of Ag-rGO, Ag-MWCNTs, and Ag-rGO-

MWCNTs are represented in Fig. 3 a, b, and c respectively. 

Comparison of micrographs [Fig. 3a, (Ag-rGO) and Fig. 3b 

(Ag-MWCNTs) with the Fig. 3c (Ag-rGO-MWCNTs)], reveal 

that there is lower degree of  curls, folds, wrinkles and 

aggregation in case of  Ag-rGO-MWCNTs which is possibly 

due to insertion of MWCNTs between the GO layers during the 

reduction reaction, also,  it is important to note that by changing 

the type of carbon nanomaterial as a support, the size of Ag 

nanoparticles also change and smaller sized Ag nanoparticles  

are formed in case of Ag-rGO-MWCNTs composite (Fig. 3 a1, 

b1, and c1 ). 

The plots of energy-dispersive X-ray (EDX) analysis together 

with the table for the elemental composition for Ag-rGO, Ag-

MWCNTs, and Ag-rGO-MWCNTs composites are shown in 

Fig. s1, s2, s3 and s4 respectively. The percentage of silver is 

found to be lower in Ag-rGO-MWCNTs composite compared 

to that of Ag-rGO and Ag-MWCNTs as observed from Fig. s4. 

 

Antibacterial activity of Ag-rGO, Ag-MWCNTs and Ag-

rGO-MWCNTs 

 

E. coli and Bacillus subtilis were used as the model bacteria to 

evaluate the antibacterial activities of different nanocomposites 

(Ag-rGO, Ag-MWCNTs and Ag-rGO-MWCNTs). However, it 

was observed that Ag-rGO, Ag- MWCNTs and Ag-rGO- 

MWCNTS exhibited appreciable antibacterial effect against 

Bacillus subtilis, at relatively very high concentrations (500 μg 

mL-1) but they showed good  antibacterial activity against E. 

coli even at very low concentrations. Hence the cell viability 

and antibacterial potential of the nanocomposites was studied 

against E. coli at different concentrations. 

The antibacterial activity of the nanocomposites is found to be 

dependent on their concentrations and the initial bacterial 

concentration [31]. To study the effect of concentration on the 

anti-bacterial activity, dispersions of Ag-rGO, Ag-MWCNTs 

and Ag-rGO-MWCNTs with varying concentrations (5, 10, 15, 

20, and 25 μg mL-1) were incubated with a fixed concentration 

of E. coli cells (107-108 CFUmL-1), the absorbance of each 

suspension was measured at 600 nm. 
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Fig.4. Batch growth profile in presence of various 

concentrations of (a) Ag-rGO, (b) Ag-MWCNTs and (c) Ag-

rGO-MWCNTs. (d) lag phase vs. different concentrations of 

nanocomposites. 

 

Fig.4 depicts the batch growth profiles for each of the 

composites. As observed from the Figure, the lag phase is seen 

to increase while absorbance at λ max (represent the number of 

bacteria) decreases as a function of concentration of 

nanocomposites. Similar observations have been reported by 

Sondi et al. [32] in their studies on effect of silver nanoparticles 

on a single strain of E. coli. As the concentration of 

nanoparticles increased to MIC of the respective strains, the 

growth of bacteria was observed to be terminated. In the 

present study, Ag-rGO shows a lag phase of ~2 h irrespective  

of the nanoparticles concentration, while, the MIC is found to 

be 20 μg mL-1 for Ag-MWCNTs, with a 3 h lag phase and 15 

μg mL-1 for Ag-rGO-MWCNTs with a 6 h lag phase 

respectively (Fig. 4d). Therefore, the results indicate that Ag-

rGO-MWCNTs shows highest antimicrobial activity towards E-

coli compared to other nanocomposites. 

 

 
 

Fig.5. Cell viability of bacterial cells by colony count method 

for the bacteria treated with Ag-rGO, Ag-MWCNTs and Ag-

rGO-MWCNTs at concentration of (a, c) 25 and (b, d) 15 µg 

mL-1. 

Cell viability of bacterial cells was determined by colony count 

method as described in material and methods and the isotonic 

solution without any dispersion was used as control. 25 µg mL-1 

of Ag-rGO, Ag-MWCNTs and Ag-rGO-MWCNTs dispersion 

in an isotonic solution were incubated with E. coli cells (107 -

108 CFU mL-1) at 37 ˚C for 2 h.  The results demonstrated that 

after treating the bacteria with Ag-rGO, Ag-MWCNTs and Ag-

rGO-MWCNTs dispersions the loss of viability was found to be 

very high, 89±5%  for Ag-rGO, and  100% for the remaining 

two composites (Fig. 5a, and c). Therefore, experiments were 

carried out by treating the bacteria with lower concentration i.e. 

15 µg mL-1 of the composites. The results showed that the loss 

of viability is almost retained to 100% (99+2.1%) for Ag-rGO-

MWCNTs and decreased significantly to 60 ± 5.2%,  and 80 ± 

4.3%  for Ag-rGO and Ag-MWCNTs respectively (Fig. 5b and 

d).Based on these observations, the time dependent 

antibacterial behaviour was investigated for Ag-MWCNTs, and 

Ag-rGO-MWCNTs composites. For this, 20 µg mL-1 of Ag-

MWCNTs and Ag-rGO-MWCNTs dispersions were incubated 

with E. coli upto 4 h and the viability was counted at an interval 

of 1 h. 

As observed from Fig.6, 100% loss of viability is achieved for 

Ag-rGO-MWCNTs after 2 h while for Ag-MWCNTs it is 

found to be after 3 h. These results indicate that the Ag-rGO-

MWCNTs composite exhibits highest antibacterial activity in 

comparison to the other composites (Ag-rGO, Ag-MWCNTs). 

 
Fig.6. Time dependent antibacterial activities of Ag-MWCNTs 

and Ag-rGO-MWCNTs upto four hours incubation. 

 

The effects of the composites on the bacterial cell were 

investigated by recording the scanning electron micrographs of 

the bacteria before and after the treatment with the nano 

composites.  

 

 
 

Fig.7. E. coli bacterium cell (a) before and after treatment with 

15 μg mL-1 of (b) Ag-rGO, (c) Ag-MWCNTs, and (d) Ag-rGO-

MWCNTs for two hours. 
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Fig.7 shows the micrographs of E. coli before (Fig.7a) and after 

treatment with 15 μg mL-1 of Ag-rGO (Fig.7b), Ag-MWCNTs 

(Fig. 7c), and Ag-rGO-MWCNTs (Fig. 7d) for 2 h. The E. coli 

bacterium cell shows a rod shape structure with intact surface 

as observed from the Fig. 7a. On the other hand, in case of 

treated samples (Fig.7 b, c, and d) the cells are seen to be 

damaged in the sequence as Ag-rGO < Ag-MWCNTs < Ag-

rGO-MWCNTs respectively. These results confirm the superior 

antibacterial activity of Ag-rGO-MWCNTs composite which 

can be attributed to the synergistic effect of each constituent 

present in the composite i.e. rGO, MWCNTs, and Ag 

nanoparticles. 

 

Further, it has been reported that shorter length of carbon nano 

tubes increases the probability of interaction between the 

bacterial cells and the nanotubes since the interaction occurs 

between the cell and the open end of nanotubes [33]. Similarly, 

the graphene based materials interact with the bacterial cells 

through the edges of layers.  The Ag-MWCNTs and Ag-rGO 

composites also interact with the bacterial cell by similar 

mechanism with the antibacterial activity being enhanced due 

to the presence of silver nanoparticles [34-35]. The antibacterial 

activity involves three steps: In the first step the bacterial cells 

gather and adsorb on the surface of composites which may 

enhance the interaction between the bacteria and Ag 

nanoparticles. In the second step the Ag nanoparticles, tips of 

the tubes and edges of layers damage the bacterial cell wall 

followed by the complete disintegration of the cell [17, 22]. 

In case of Ag-rGO-MWCNTs composite antimicrobial activity 

is highest compared to that of Ag-rGO and Ag-MWCNTs 

composites  due to the following reasons: i) presence of both, 

MWCNTs and rGO sheets which cause less aggregation, as 

shown in Fig. 3c.  ii) availability of higher number of edges of 

rGO and tips of MWCNTs for direct contact with bacterial cells 

and iii) presence of smaller sized Ag nanoparticles on the rGO-

MWCNTs hybrids. 

 

Cytotoxic activity 

 

 
Fig.8. Hela cells (a) before treatment (control) and after 

treatment with (b) Ag-rGO, (c) Ag-MWCNTs, and (d) Ag-

rGO-MWCNTs for one hour. 

 

MTT assay was used to assess the effect of Ag-rGO, Ag-

MWCNTs and Ag-rGO- MWCNTs on the cytotoxicity of Hela  

cell lines. The cells were incubated with different 

concentrations of nanoparticles (Ag-MWCNTs, Ag-rGO, Ag-

rGO- MWCNTs) viz. 25, 50, 100, 200, and 250µg. All three 

above mentioned nanocomposites inhibit the viability of Hela 

cancer cell lines in dose and time dependent manner (S5).The 

nanocomposites showed more than 90% viability at 24 h of 

incubation, as the incubation time was increased the cell 

viability decreased. This result suggests that these nanoparticles 

are not cytotoxic at lower concentration and at lower incubation 

time. 

 

Cytomorphological changes of Hela cells induced by the 

nanocomposites 

 

The Hela cells (a) were treated with Ag-rGO (b), Ag-MWCNTs 

(c) and Ag-rGO- MWCNTs (d) at 50 μg/ml concentration for 

24 h. Fig 8d shows that there are no significant morphological 

changes in case of Hela cells treated with Ag-rGO-MWCNTs. 

 

Conclusions 

 
Composites of silver nanoparticles decorated reduced graphene 

oxide, silver nanoparticles decorated multiwalled carbon 

nanotube and silver nanoparticles decorated reduced graphene 

oxide-multiwalled carbon nanotube hybrids have been obtained 

by one step rapid preparation method. The results of the 

different composites reveal that the silver decorated 

multiwalled carbon nanotube hybrid are showing highest 

antibacterial activity towards E.coli compared to other 

composites. The antibacterial activity was found to be time as 

well as concentration dependent. Further, the cytotoxicity 

studies suggest that the nanocomposites are not cytotoxic to 

Hela cells at lower concentrations and at lower incubation time. 

These results can be due to synergistic effect of reduced 

graphene oxide, multiwalled carbon nanotubes and Ag 

nanoparticles.  
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