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Synergistic antibacterial activity 
of surfactant free Ag–GO 
nanocomposites
Muhammad Ashfaq Ahmad*, Samia Aslam, Faiza Mustafa & Usman Arshad

Graphene oxide–silver (Ag–GO) nanocomposite has emerged as a vital antibacterial agent very 
recently. In this work, we report a facile one step route of Ag–GO nanocomposite formation excluding 
the aid of surfactants and reductants and was successfully applied to negative Escherichia Coli (E 
coli) to investigate antibacterial activity by varying doze concentration. The successful formation 
of Ag–GO nanocomposite via facile one step route was confirmed using Fourier transform infrared 
spectroscopy (FTIR) and Raman Spectroscopy. The absorption spectra (peak ~ 300 nm) for GO and 
the (peak ~ 420 nm) for silver nanoparticles were observed. XRD study confirmed the formation of 
Ag–GO nanocomposite while atomic force microscopy (AFM) showed crumbled GO sheets decorated 
with Ag nanoparticles. It was observed that the functional groups of GO facilitated the binding of Ag 
nanoparticles to GO network and enhanced the antibacterial activity of the nanocomposite.

Graphene and its derivatives have attracted enormous interest because of their promising electrical, electronic, 
optical, thermal, mechanical properties and versatile bio-medical applications. Graphene Oxide (GO) is a 
2-dimensional nanomaterial packed into dense honey-comb lattice structure having reactive functional groups 
of oxygen that allow nanoparticles to interact with GO without the need of functionalization1,2. Recent reports 
suggest that GO and related materials are biologically compatible holding negligible or no cytotoxicity whereas 
its hydrophilic nature dictates its role as an ideal carrier and transporter of nanoparticles as antimicrobial agents3.

Silver (Ag) nanoparticles have been the primary nanoparticles to be used for antimicrobial activities. Their 
medicinal applications involve reduction in inflammation infections, bandages formulations, filtration systems 
and in textiles4. The Ag nanoparticles interact with bacterial cells thus inhibiting the cellular respiration followed 
by division of the cell causing its death5. However, it is reported by researchers6 that bare Ag nanoparticles are 
prone to their agglomeration in solutions which affects their stability and thus antibacterial activity. Recently, it 
has been demonstrated by various researchers that GO sheets can be used to functionalize Ag nanostructures 
and effectively prevent their agglomeration in dispersions. Ag–GO nanocomposite formation which has proved 
a synergistic antibacterial activity with excellent biocompatibility7,10.

Many previous and recent researchers have reported the formation of Ag–GO nanocomposite using additional 
surfactants including chitosan11 polyethylene analyine (PEI)12, green tea leaves13, Cetyl trimethylammonium 
bromide (CTAB)14, Silane ligand15 and reductants11–14 to improve stability and aggregate prevention. However, 
these materials may introduce further limitations including interference factors and may also introduce poten-
tial environmental and toxicity factors12. Moreover, they also increase the experimental steps and may make 
the synthesis time intensive. In scenario of the ongoing risen interest of researchers in Ag–GO nanocomposite 
formation and studying its antibacterial applications, there is a room to investigate surfactant and reductant free 
facile methods of its formation and studying whether its antibacterial activity is altered by this approach, which 
to our knowledge have not been so far studied for antibacterial activities.

Instigated by this approach, we therefore report in this work, a facile, cost effective surfactant and reductant 
free method for successful Ag–GO formation and investigated its anti-bacterial activity on gram-negative bacteria 
Escherichia coli (E. coli) as a model. Whereas we observed synergistic inhibiting growth rate of the microbes 
showing parity with surfactant functionalized Ag–GO nanocomposites reported in literature mentioned above.

Experimental section
Synthesis of materials.  Graphene oxide was prepared by modified Hummer’s method. Briefly, 1  g of 
graphite powder was mixed with 27  ml of sulfuric acid (HsSO4) (Sigma Aldrich) and 0.5  g of silver nitrate 
(AgNO3) (Alfa Aeser) and stirred, for 30 min in an ice bath. After that, 3 g of potassium permanganate (KMNO4) 
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(Sigma Aldrich) was added slowly to the mixture under stirring. The reaction was mediated by adding 1000 ml 
of distilled water followed by slowly adding 30 ml of 30% H2O2 (Pancreas). The sample was later washed several 
times with distilled water and diluted Hydrochloric acid (HCl) (Sigma Aldrich) until the pH was neutralized to 
7.

Antibacterial study.  The antibacterial activity of Ag–GO was evaluated by using gram-negative bacteria 
Escherichia coli (E. coli) cultured in LB-broth as the test strains. The incubation was performed at 37 °C under 
shaking at 150 rpm.

Characterization.  The absorption spectrum of Ag–GO was examined over the range of 200–700 nm using 
UV/Vis/NIR Spectrophotometer (PerkinElmer LAMBDA 750). Fourier transform infrared (FTIR) spectra were 
obtained on a Nicolet 6700 spectrometer (Thermoscientific, USA) in the range of 4000 to 500 cm−1. X-ray dif-
fraction (XRD) was carried out using Philips PANalytical—X-ray diffractometer using Cu− kα(� = 1.54 Å) . 
The Raman spectra was obtained on In Via RAMAN Microscope, Renishaw, UK (Raman & PL set up), with a 
514 nm green (Argon) laser light by applying 1% intensity of the full laser power (20 mW) to avoid the sample 
damage.

Results and discussion
UV–Vis spectroscopy.  Two different characteristic peaks were observed in the absorbance spectra of gra-
phene oxide assigned to different transitions (see Fig. 1), which is in agreement with previous reports on gra-
phene oxide16. First prominent absorption peak at 227 nm representing the conjugated π-π* transitions of C=C 
bond of aromatic sp2 clusters, C–O that remain from the original graphite structure and the second one around 
300 nm which claims to carbonyl (C=O) n-π* transitions or due to the presence of epoxide (C–O–C) and per-
oxide functional groups (R–O–O–R) with α, β-unsaturations17,18. The absorption peak at 227 nm is compatible 
with the anticipated structure of the density function computation and reasonable compared to the UV–vis 
spectra of graphene. The blue shift in the graphene oxide UV–vis spectra is due to the constraint electronic 
conjugation increasing the LUMO and HUMO disturbance19,20. The π-π* transitions can be due to two types of 
conjugative effect, first the nanometer-level sp2 cluster and second form due to the linking chromophore units as 
C=C, C=O, C–O bonds. Absorbance at the wavelength of 328 nm, a characteristic band of GO, was assigned to 
n → π* transitions of the carbonyl groups. The higher the intensity at ~ 300 nm, the larger the degree of oxidation 
of GO. Therefore, the absorption band at ~ 300 nm could be used as an indicator to estimate the degree of oxida-
tion of GO. A peak at 420 nm can be referred to the silver nanoparticles on the GO sheets which is in agreement 
with the results as reported by Soroush et al. and is shown in Fig. 1b17. The other peaks which are appearing at 
328 nm and 382 nm can be attributed to the graphene nano sheets. By keeping in mind all the above facts the 
change in UV–Vis absorption spectra of graphene oxide can be referred to the conjugative effect of the chromo-
phore aggregation, that govern the π-π* transition20.

FTIR spectroscopy.  Figure 2a shows the FTIR spectra of Ag–GO that confirm the oxidation of graphite to 
graphene oxide (GO) having different oxygen containing functional groups. First peak in between 2500 cm−1 to 
3650 cm−1 corresponds the O–H (Hydroxyl) stretching vibrations21. The more general attenuation of the hydro-
gen bonded O–H bands, within the region above 3300 cm−1, may be related to reduced water content in the 
Ag–GO and/or interaction of the silver with the hydrogen bonded O–H groups. Appearance of peaks in between 
1707 cm−1 to 1742 cm−1 shows the stretching vibration of the carbonyl or carboxyl groups and peak 1588 cm−1 
to 1650 cm−1 refers to the C=C (skeletal vibrations of the oxidized graphitic domains)22,23. Khalil et al. reported 
FTIR spectra of GO and Ag–GO nanocomposites which also indicated that there is no significant change in GO 
and Ag–GO FTIR spectra (Fig. 2b). However it can be inferred that the more general attenuation of the hydrogen 

Figure 1.   (a) UV–Vis spectra of Ag–GO sample (b) UV–Vis spectra of GO and Ag–GO reported in Ref.17.
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bonded O–H bands, within the region above 3300 cm−1 in our results may be related to reduced water content 
in the Ag–GO and/or interaction of the silver with the hydrogen bonded O–H groups. Moreover, the peaks are 
observed to be slightly shifted in our results. A comparison of FTIR peaks in this work and reference22 is given 
in Table 1.

XRD data discussed ahead, supports these observations which indicated that the usual relatively ordered 
structure of the GO had been disturbed by its interaction with the silver. It may be that the silver particles had 
intercalated the layers resulting in non-uniformity of stacking. This would lead to the significantly attenuated and 
broadened GO related reflections in the XRD data for the Ag–GO. A significant intensity decrease is observed 
in the peaks correspond to oxygenated functional groups of as prepared Ag–GO sample which is attributed to 
the presence of silver atoms on the GO sheets.

Structural analysis.  X-ray diffraction is a technique which is used to characterize the crystallinity and the 
average grain size and the d-spacing between the planes. Figure 3 shows the XRD pattern of silver-graphene 
oxide. XRD spectra show a strong and prominent peak appear at 2-theta 11.5° possessing (001) plane having 
d-spacing 0.384 nm assure the formation of GO and also peak at about 21° represents the graphitic planes with 
minimal oxygen functional groups and in the XRD diffractogram labelled as reduced graphene oxide (rGO). 
As typical GO exhibits interlayer spacing ~ 0.83 nm and that the addition of the oxygen functional groups will 
result in increase in d-spacing23–25. A peak appears at the 2-theta of 26.7° having the plane (002) and d-spacing 
is 0.34 nm might be attributed to the short range order restacked graphene sheets26. This is consistent with FTIR 
spectra analysis. The diffraction peaks appear at 38°, 44°, 64°, and 77° represent the crystallographic planes of 
(111), (200), (220), and (311) for the face-centered cubic of the silver crystal and well matched with the standard 
X-ray diffraction (XRD) pattern (JCPDS no. 04-0783).

Raman spectroscopy.  Raman spectroscopy is widely used technique to characterize the carbon-based 
products, because the conjugated or double bonded carbon atoms corresponds to great Raman intensities. In the 
case of graphene oxide (GO) this technique is useful to determine quality, number of layers and their arrange-
ments, crystallite size and defects as well27,28. Raman spectrum of Ag–GO is depicted in Fig. 4. The first peak 
known as D-band which is at 1352 cm−1, originate from the TO phonons nearby the Dirac points (K) of the 
Brillouin zone and mainly associated to the structural defects or distortions in the graphitic planes/domains 
like grain boundaries, bond length disorder, vacancies and alien atoms in the graphene planes29. Since D-band 
depends on the oxygen content in GO, decrease in D-band intensity could be the possible reason of minimal 

Figure 2.   (A) FTIR spectrum of Ag–GO sample (B) FTIR spectra of GO and Ag–GO reported in Ref.22.

Table 1.   FTIR peaks of Ag–GO sample.

Stretching vibration

FTIR peaks (cm−1)

This work Ref.22

O–H 2500–3650 3368

C–O–C 1010 1067

C–OH 1220 1387

C=C 1557 1621

C=O 1770 1720
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oxygen functional groups due to the presence of Ag nanoparticles. The peak corresponds to G-band is observed 
at 1595 cm−1 due to the in phase first order Raman scattering of the E2g phonons by their sp2-hybridized carbon 
at the Brillouin zone center and related to stretching of graphite lattice30. The intensities of the D and G bands 
are 820 and 969 cm−1 and the defect ratio (ID/IG) of is 0.846 confirms that the oxygenated functional groups 
(carboxylic, epoxide and hydroxyl) invade into the graphitic domain31.

In addition to this spectrum overtone bands 2D, D + G ~ G0 and 2G are also observed at 2688, 2952, 3140 cm−1 
respectively which are highly effected by the oxidation of the graphitic structure32,33. As the ratio of the two bands 
I2D/IG is 0.11 and it can be referred to multilayer graphene oxide. If we talk about the single layer graphene, then 
there is no significant D peak in the Raman spectrum and the width of this peak is related with the number of 
layers. The ratio of the intensity of the G-band to the D-band is related to the in-plane crystallite size according 
to Tuinstra-Koenig relation34 and calculated to be 5.13 nm. Moharana et al. studied Ag–GO nanocomposites 
and reported the Raman spectra of GO and Ag–GO Fig. 4b35. They reported D and G band at 1356 cm−1 and 
1600 cm−1 for GO with a slight shift in Ag–GO nanocomposite and they attributed this shift to the interaction 
between Ag nanoparticles and GO. The Raman spectrum observed in this work is in agreement with35 and 
confirms the formation of Ag–GO nanocomposite.

AFM analysis.  AFM analysis of the Ag–GO sample was done using Atomic force microscopy (XE7-Park 
Systems) and shown in Fig. 5.The AFM image indicates a wavy structure formed due to wrinkles which can be 
clearly seen in the 3D topography image of the sample. In addition to the wrinkles, grain boundaries are also 
observed in the structure. The mean particle size, roughness, surface area, grain density and height profile of the 

La(nm) = 4.4
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)

Figure 3.   XRD pattern of Ag–GO sample.

Figure 4.   (a) Raman spectrum of Ag–GO sample (b) Raman spectra of GO and Ag–GO nanocomposite 
reported in reference35.
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sample were calculated using AFM software and listed in Table 2 while the graphs are shown in Fig. 5. All the 
graphs indicate an inhomogeneous distribution of grains, surface area and height responsible for the roughness 
of the Ag–GO sample. Mean grain diameter was found to be 151 nm while mean square roughness of the sample 
is 5.3 nm and the mean square waviness was 104 nm that is due to wrinkled graphene oxide.

SEM analysis.  The SEM images of the Ag–GO sample recorded using SEM Tescan VEGA-3LMU. SEM 
image exhibits the crumbled sheets of GO decorated with light colored Ag Nano particles (see Fig. 6). The Ag 
nano particles are observed to be distributed throughout the GO sheet. The result showed that the GO sheet 
acted as a substrate to stabilize the aggregation of AgNPs.

EDX analysis.  The EDX spectra (Fig. 7) of the bare glass (Fig. 7a) and that of Ag–GO sample (Fig. 7b) (as the 
sample was deposited on glass substrate using drop casting for characterization purpose). The EDX spectra also 
corroborated the presence of different spectral signals or carbon (C) with weight percentage 56% and oxygen (O) 
with weight percentage 33.35%36. The Ag with very low weight percentage 0.03% was detected which appears to 
be masked by Si peak which can be attributed to the glass substrate. 

Figure 5.   AFM topography images (a), Height distribution and height profile (b), surface area and particle size 
distribution (c) of Ag–GO sample.

Table 2.   Grain size, roughness and grain density.

Sample
Mean grain size, Dmean 
(nm)

Root mean square 
roughness, Rq (nm) Maximum height, nm

Root Mean square 
waviness, Wq (nm)

Grain density
No. of grains/µm2

Ag–GO 151 5.3 22.2 104 9.18
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Figure 6.   SEM micrograph of Ag–GO nanocomposite.

Figure 7.   SEM micrograph of Ag–GO nanocomposite.
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Antibacterial test.  The antibacterial activity of the Ag–GO sample was evaluated by using commonly 
found in hospital environment, gram-negative bacteria (E. coli) in LB-Broth via turbidity method and depicted 
in Fig. 7. From the figure it can be seen that Ag–GO exhibited strong antibacterial activity towards E coli. Per-
centage growth of E. coli was calculated by measuring optical density (O.D) values of the media and E. coli 
against low (100 μl) and high (300 μl, 500 μl) concentration after 24 h and 48 h time. The maximum percentage 
growth of E. coli in LB-Broth medium in an incubator (shaken at 150 rpm at 37 °C) is recorded as 95% after 24 h 
and 94.98% after 48 h in the absence of Ag–GO as shown in Table 3.

Compared to the control sample, Ag–GO shows high antibacterial activity as only few E. coli cells (~ 40%) 
were able to form colonies after 24 h and no more cells (~ 12%) viable after 48 h at low concentration. This indi-
cated that the Ag–GO sample adsorbed on to the cell surface which prevented the bacteria nourishing. Because 
bacteria cells wrapped by Ag–GO were biologically disconnected from their cultural environment that blocks the 
cells’ access to nutrients and consequently they could not proliferate in culture medium. Besides, the destructive 
power of Ag–GO to cell membrane increases because Ag NPs could contact the cell membrane and eventually 
damage the cell. The Ag–GO is supposed to wrap the treated bacteria cell that facilitates Ag NPs to develop a 
direct contact with the cell membrane36,37.

This attachment is attributed to the strong electrostatic interaction between gram negative bacterium (E. 
coli) and Ag–GO because both GO and E. coli are negatively charged which significantly decreases in the pres-
ence of Ag NPs. This screening of the surface charge increases the probability of bacteria cells being contacted 
with Ag–GO thus improving the antimicrobial properties of the Ag–GO. While for high concentration it was 
observed that there were still plenty of bacteria cells (~ 55%) survived after being treated with 24 h and (~ 51%) 
survived after 48 h38 as shown in Fig. 8. However, generally it is expected that Ag2+ exhibits stronger inhibition at 
higher concentrations which is not the case in our experiment. One possible factor could be the agglomeration 
and aggregates of the Ag2+ nanoparticles which resulted in an increase in particle size hence transforming the 
nanoparticles into different morphological structures such as, spheres, rods, discs etc. eventually it decreased 
the surface area and hence the reactivity.

The agglomeration of NPs in cell culture media may alter their physicochemical properties and colloidal 
behavior that effects their cellular association and cytotoxicity. Moreover, the reduced surface area minimized 
the contact between the bacteria cells and the agglomerated nanoparticles thereby decreasing their antibacterial 
activity at higher concentrations of the dose. Since, it is well known that decreasing the size of Ag NPs increases 
the antimicrobial activity due to the increased surface area, which promotes higher interaction between NPs and 
cell membrane. It is therefore confirmed that the as synthesized surfactant free Ag–GO exhibited antibacterial 

Table 3.   Antibacterial activity effects of Ag–GO on E. coli. 

Pathogenic bacterium

After 24 h incubation After 48 h incubation

OD value for culture
R

OD value for culture + media
S = R+ 0.086

% Growth
R

S
× 100

OD value for culture
R

OD value for culture + media
S = R+ 0.088

% Growth
R

S
× 100

E. coli 1.650 1.736 95.04% 1.66 1.748 94.96%

Sample name/dose
OD Value for culture
U = culture OD− sample OD

OD value for culture + media
V = U+ 0.086

% Growth
U

V
× 100

OD Value for culture
U = culture OD− sample OD

OD value for culture + media
V = U+ 0.088

% Growth
U

V
× 100

Ag–GO (100 μl) 0.096–0.038 = 0.058 0.144 40.27% 0.051–0.038 = 0.013 0.101 12.87%

Ag–GO (300 μl) 0.120–0.038 = 0.082 0.168 48.80% 0.112–0.038 = 0.074 0.162 45.67%

Ag–GO (500 μl) 0.147–0.038 = 0.109 0.195 55.89% 0.131–0.038 = 0.093 0.181 51.38%

Figure 8.   Percentage growth of E. coli treated with different concentrations of Ag–GO nanocomposite.
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properties that inhibited the growth of gram-negative E. coli. The pivotal role was played by the oxidation of 
the graphitic planes and Ag2+ nanoparticles, which were responsible for the oxidation of the outer and inner 
membranes of the bacterial cell which were eventually destructed and released their vital material like adenine 
and protein, which ultimately caused cell’s death39.

Conclusion
In summary, we report a facile one step route of Ag–GO nanocomposite formation excluding the aid of sur-
factants and reductants and observed synergistic antibacterial activity against negative Escherichia coli (E. coli) 
as a model. The bacteria growth rate was inhibited up to 40.27% with the lowest doze concentration of 100 μl in 
first 24 h of the antibacterial test indicating its efficient antibacterial activity which decreased with increasing doze 
concentration. The formation of Ag–GO nanocomposite was confirmed using Fourier transform infrared spec-
troscopy (FTIR) and Raman Spectroscopy. FTIR results confirmed the existence of oxygen-containing functional 
groups and found to be in consistence with Raman spectra. The detailed structural properties were investigated 
by X-ray diffraction (XRD) and observed the successful formation of GO (peak @ 2θ ∼ 11.5 ) mediated with 
silver nanoparticles. The absorption spectra (peak ~ 300 nm) showed clear evidence of the degree of oxidation 
the presence of silver nanoparticles (peak ~ 420 nm) over GO nanosheets due to surface plasmon resonance. 
Atomic Force Microscopy (AFM) and SEM images showed Ag nanoparticles decorated crumbled GO sheets 
with wrinkles. In conclusion, the successful formation of polymer or surfactant mediator free Ag–GO nano-
composite was achieved with a one step and facile synthetic route and it can be suggested from that surfactant 
free Ag–GO can be efficiently applied for antibacterial applications while reducing chemical reagents biological 
and environmental implications involved otherwise.
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