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Facile preparation of graphene oxide silver aerogel for antibacterial
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We report a simple and straightforward method for the preparation of graphene oxide-silver aerogel
(GOAQ) via microwave irradiation. Graphene oxide (GO) was used as a substrate for the growth of
silver nanoparticles (AgNPs) and silver complex was used as a precursor. The GOAg were prepared
by rapidly expose mixture of GO and silver complexes with microwave for 30 s under an ambient
atmosphere. For the nanocomposites, GOAg solution were lyophilized in a freeze-dryer for 24
hours to form an aerogel. The obtained GO and GOAg nanocomposites were characterized by X-
ray diffractometer (XRD) and Ultraviolet-visible spectroscopy (UV-Vis). XRD confirmed the
formation GO, and GOAg while GOAg display antibacterial properties against Methicillin-resistant
Staphylococcus aureus (MRSA) and Aeromonas hydrophila bacteria. We demonstrate a cost
effective and easy synthesis of a GOAg with promising antibacterial properties.
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1. INTRODUCTION

Graphene, a single atomic layer of sp? carbon
atoms with a honeycomb crystal structure has attracted
enormous attention from the scientific community around
the globe due to its unique electrical, mechanical and
thermal properties (Dikin et al., 2007). These properties
also can be enhanced by composite with other materials.
The studies on nanocomposites materials have attracted
numerous researcher due to their intensifying properties.
The consolidation of silver and graphene as nanocomposite
acquire an interesting structure and has potential in various
applications for instance antibacterial (de Faria et al., 2014;
D. Zhang et al., 2011; Zhu et al., 2013), transparent and
conductive film (Kahng et al., 2014), electrochemical
immunosensor (Qu et al., 2011), catalysis (Wen et al.,
2012), and sensors (Yola et al., 2014). Numerous
techniques, including chemical reduction, hydrothermal,
chemical vapour deposition and electromagnetic radiation
(Hassan et al., 2009; Williams et al., 2008) have been used
to prepare graphene. Among these  methods,
electromagnetic radiation has received significant attention
because of its utility in the large-scale production for

industry use. However, most of the irradiation sources are
either limited or dangerous due to the high frequency.
Hence, exploring new approaches are essential. Herein, a
facile method was modified for the simple, easy and large
scale of GOAg nanocomposite by microwave irradiation
on aqueous solution and lyophilized processing produces a
homogenous Ag nanoparticle embedded on graphene
oxide sheets. This simple, fast and easy method provides
an effective path for the preparation of large scale a GOAg
nanocomposites.

2. MATERIALS AND METHODS

2.1. Synthesis of graphene oxide

Graphene oxide (GO) was prepared using the
simplified Hummers method (Hummers Jr et al., 1958;
Lim et al., 2011). 3 g of graphite was mixed into solution
of H,SO4 and HsPOs (4:1) respectively followed by
KMnO4. The mixture was stir for a three days period before
poured onto 400 ml ice cube along with 27 ml of H,O;
(30%). The mixture was centrifuge at 10 000 g until the
mixture reaching pH5 and use for further action.
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2.2. Synthesis of reduced graphene oxide silver
aerogel

Briefly, 100 ml ammonia (25 wt%) was slowly
added into 20 mM of 10 ml of silver nitrate solution. The
mixture was vigorously stirred until a clear solution was
observed indicating the formation of complex before
mixed with 0.5 mg/mL of aqueous GO solution (volume
ratio 3:1) and sonicated for 5 min to ensure the
homogeneity of the mixture. The reaction mixture was
exposed to the microwave irradiation for 30 s. The final
product was centrifuged at a centrifugal force of 10,000 g
and washed with deionized water for three times before
transfer into freeze-drying to form an aerogel.

2.3. Characterizations

The samples were characterized by Evolution™
600, a UV-visible spectrophotometer (UV-Vis) within a
range of 200-800 nm. XRD pattern of the products was
recorded on a D5000 Siemen X-ray diffractometer in a 26
range of 5-80° with monochromatic Cu Ka source
(A=1.5406 A). The morphology and size of the samples
were examined by high resolution transmission electron

microscopy HRTEM (Philips CM12) operated at 100 kV.

2.4. Antibacterial test of silver-graphene oxide
aerogel

All the apparatus used in this test were sterilized
in an autoclave at 140 °C with pressure at 1 bar for 5 h. The
Methicillin-resistant Staphylococcus aureus (MRSA),
Aeromonas hydrophila, Flavobacterium spp. Salmonella
spp. Streptococcus spp. and Psedomonas spp. isolated was
provided by Adquaculture Research Lab, Universiti
Malaysia Kelantan. The bacterial were cultured in tryptic
soy broth (TSB) for 24 h at room temperature. The
concentration of the colony were fixed to 10° CFU/ ml and
cross check with an ELISA reader.

2.5. Minimum inhibitory concentration (mic)
values determination

Minimum inhibitory concentration (MIC) values
were determined using two-fold micro broth dilution
method in 96-wells microliter plate format. The GOAg
aerogel were cut into small pieces (20 mm in diameter)
before were added into bacterial suspensions which
inoculated into wells with the kanamycin as a control. The
MIC value was determined by measure the lowest
concentration of antimicrobial agent inhibits the visible
growth of the inoculated bacteria after 24 h incubation.

3. RESULTS AND DISCUSSION

The UV-visible absorption spectra of GO and
GOAg aerogel are shown in Fig. 1. As shown in the Fig.
1(a) the absorption peak of GO displays two bands. The
highest absorption band centred at 228 nm is assigned to
the = — m* transition of aromatic C-C bonds and the
second shoulder band at 304 nm corresponds to n — w*
transition of C=0 bonds (Zhang et al., 2012). As to GOAg
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(Fig. 1b), after the irradiation the peak was disappeared,
indicating the small reduction on the surface of GO (Baby
et al., 2011). These suggest the restored electronic
conjugation within graphene sheets and the removal of
oxygen-containing functional groups after microwave
irradiation (Pasricha et al., 2009; Xu et al., 2011; Zainy et
al., 2012). The appearance of the band at 420 nm in Fig.
1(b) is attributed to the surface plasmon resonance of Ag
nanoparticles which evince the presence of Ag
nanoparticles on graphene oxide (Zhang et al., 2011).
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Figure 1: UV-Vis absorption of (a) GO and (b) GOAg aerogel.
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The XRD spectra of the synthesized sample are
shown in Fig. 2(a). From the pattern it can be seen that the
characteristic GO peak centred at 10.0° corresponds to d-
spacing of 8.29 A, which is attributed to the (001)
reflection of GO. After the irradiation of microwave on the
GO containing silver complexes, the peak at 10.0° reduced
while a sharp peak at 38.1° 42° 65° and 79° appeared,
which suggests that the Ag particle had been embedded to
GO layer after 30 s (Fig. 2(b)). As shown in the figure 2
(b), the XRD pattern of the GOAg can be indexed with the
JCPDS file 087-0597, which correspond to the (111),
(200), (220) and (311) planar crystallographic of face-
centred cubic (fcc) silver nanoparticles. The formation of
high purity crystalline Ag nanoparticles in the
nanocomposites were confirm by a sharp and intense
diffraction peak at 38.1° corresponds to crystalline Ag.
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Figure 2: XRD patterns of the (a) GO and (b) GOAg aerogel.
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The morphological of the samples were
characterized using the HRTEM as shown in Fig. 3. The
images demonstrate that the thin layer of GO produced
almost transparent and the area of the surface was up to
micrometre. After the introduction of Ag(CHs0;) the
surface of GO was deposited with Ag nanoparticles of less
than 20 nm in size. Based on the finding above, we
postulated that the Ag precursor was intercalated within the
GO layers during the grinding process. The microwave
irradiation provides sufficient energy to the electrons in
GO to be excited to the Ag ions, simultaneously reducing
Ag ions to metallic Ag.
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Figure 3: Transmission electron microscopy image of GOAg
aerogel.

Table 1: Minimum Inhibitory Concentration (MIC) values of GOAg aerogel against bacterial

Bacteria species

Minimum Inhibitory Concentration of

Minimum Inhibitory Concentration of

Kanamycin (mg/L) GOAg aerogel

(mg/L)
Staphylococcus aureus 30.5 60.5
Aeromonas hydrophila 61.5 100.0
Flavobacterium spp. 335 50.0
Salmonella spp. 315 30.0
Streptococcus spp 16.3 40.5
Pseudomonas spp. 355 30.5

Table 1 shows the screening of bacterial growth  Grant Scheme (TRGS) grant no:

in soy broth. Compared to the Kanamycin the bacterial
could not survive in the presence of GOAg aerogel. The
finding of the present study showed that GOAg inhibit the
growth of various bacterial species, hence may justify the
importance of GOAg in aquaculture uses. The increasing
of antibiotic resistance case among pathogenic bacteria due
to extensive used of commercial antibiotic in managing
aquatic human health led to most of the antibiotic was no
longer effective in controlling bacterial diseases.
Therefore, it is crucial to explore an alternative way to
apply as an antimicrobial agent. Furthermore, this study
was successfully documented inhibitory activity of GOAg
aerogel against various types of bacteria.

4. CONCLUSION

Graphene oxide-Ag aerogel was successfully
synthesized by microwave irradiation for 30 s in ambient
atmosphere. The data revealed that the Ag ions was
reduced to Ag nanoparticles simultaneously deposited on
the graphene oxide sheet with the size of 20 nm in size.
This method clearly offers that a simple and cost-effective
approach for the preparation of graphene oxide silver
aerogel and can be apply as antimicrobial.
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