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Phytosynthesis of Silver-Reduced Graphene Oxide
(Ag-RGO) nanocomposite with enhanced
antibacterial effect using Potamogeton Pectinatus
extract.

Mohammed S. Abu El-Hassan,T Mona B. Mohamed,I Manal Fawzy,8 Dalia

A. Abdelrehim,t and Mohamed M.S.A. Abdel-Mottaleb *, T

ABSTRACT: A new green synthesis method for preparation of silver-Reduced Graphene Oxide (Ag-
RGO) nanocomposite using Potamogeton Pectinatus (Po) plant extract is introduced. Size, morphology
and crystallinity of the as-prepared nanomaterials were studied with an explanation for the role of Po in
synthesis. A preliminary antibacterial experiment was developed to ensure the enhanced antibacterial
effect of Ag-RGO nanocomposite. The antibacterial measurements were done using Colony Counting
method. Results indicated that the majority of Silver Nanoparticles “AgNPs” were formed in a spherical
shape with small sizes ranging from 11 to 20 nm. IR spectroscopy results indicated the role of amine and
hydroxyl groups from Po in the reduction and capping processes. The preliminary antibacterial

examination ensured the enhanced antibacterial effect of Ag-RGO nanocomposite.

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013,00,1-3 | 1
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Introduction:

Metal nanoparticles and their nanocomposites, especially silver nanoparticles (AgNPs), attracted attention of scientists
worldwide in the recent years due to their unique physical and chemical properties. These unique properties, which are
attributed to their small sizes and large surface area, made them highly applicable in different areas such as catalysis, electrical
conductivity, DNA sequencing, antimicrobial and antibacterial activities, Surface Enhanced Raman spectroscopy (SERS), and
drug delivery systems."® Different approaches were applied for AgNPs production, such as chemical reduction and photo-
reduction in reverse micelles,’” thermal decomposition in organic solvents,® and radiation chemical reduction,®*! but most of
them are either expensive or produces toxic and hazardous by products which affect the environmental ecological systems.*
Hence, there is a strong need for green synthesis methods with no remarkable toxic chemicals especially for application in the
biomedical field.®

14-16

Po is a widely distributed submerged macrophyte. Its abundance is very high in Egypt, Africa, Asia, North and South

America. The latest publications about Po showed that it is rich in polyphenolic compounds, proteins, amino acids and

17-19

carbohydrates,” ™ which act as reducing and stabilizing agents for nanomaterials preparation. Polyphenolic compounds,

especially, Flavonoids chelate metal ions and then reduce them through donation of electrons or hydrogen atoms.?® Role of

23,26-29

protein, found in Po, can by summarized as a reducing agent by amine and caroxylate groups and a capping and

stabilizing agent by carbonyl groups which bind to metal nanparticles and stabilize them, %3

According to the above discussed advantages and abundance, Po is an excellent candidate for green, safe and economic
fabrication of nanometrials and hence, we use this plant for the first time in preparation of Ag-RGO nanocomposite in this thesis

work.

The effectiveness of antibiotics for treatment of infectious diseases caused by pathogenic bacteria is lowered by the rise of
microbial drug resistance, resulting in poor treatment efficacy of these drugs and significant economic losses.**3®
Nanotechnology introduced many nanomaterials as antibacterial agents during the last decade. The most promising example of
such nanomaterials is Silver nanparticles (AgNPs).*"*% AgNPs are used in many applications to inhibit bacterial growth, such as
in dental work, catheters and burn wounds.*** The mechanism behind antibacterial effect of AgNPs is still not completely clear
but many theories introduced acceptable interpretations. AgNPs introduce morphological and structural changes in bacterial
cells. The general understanding is that AgNPs bind to sulfur-containing proteins of cell membrane and physically make “pits”
in it with changing membrane permeability, resulting in cell death.* ** Furthermore, AgNPs make drastic changes inside
bacterial cells as they bind to phosphorous moieties in DNA and prevent its replication, or react with sulfur-containing proteins

of enzymes and inhibit their functions; hence the inhibition of cells division.** ** As well, many papers discussed reactive

oxygen species (ROS) and free radicals affiliated effects.*®
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Graphene oxide (GO) nanosheets are well known for their strong antibacterial effect.*” The antibacterial effect of GO
nanosheets is explained via two combined mechanisms; the first one is the direct physical stress of sharp edges of these

nanosheets on cell wall, resulting in its fracture, while the oxidative stress action on cell membrane is the second mechanism.*®

49

The combination of AgNPs with GO nanosheets in a composite of Ag-RGO resulted in a synergetic antibacterial action, as both
components work on cell membrane damage and oxidation of the main components of bacterial cells, resulting in cell death.>* %

As a potential antibacterial material, this composite must be synthesized using green methods.

Here, we introduce the synthesis of Ag-RGO using Po extract in a continuation for a method we previously reported
(AbdelHamid et al).”” AbdelHamid synthesized AgNPs, AuNPs and Ag-Au alloy using this plant extract. In this paper, we
elaborate on the action mechanism of plant extract and further investigate the effect of temperature. Additionally, we investigate

the antibacterial effect of Ag-RGO in a comparison with that of GO nano sheets.

Materials and Methods:
Materials. Graphite powder (> 99.99 %) was purchased from SIGMA-ALDRICH and used as received for synthesis of

graphene oxide nanosheets. Potassium Permanganate (KMnO4, 99%), Phosphoric acid, 30% H,0,, 98% H,SO,4, 37% HCI, were
purchased from SIGMA-ALDRICH. Silver Nitrate salt was purchased from Sigma Aldrich, USA and used as received.

Po was collected by prof. Manal Fawzy (Environmental science department, faculty of science, Alexandria University) from
Lake Marriott which is one of the Nile Delta Lakes in Southern Alexandria, Egyptian spring, 2013. Samples were immediately
transferred to the lab, washed thoroughly with de-ionized water twice, then dried in an oven at 60°C until reaching a constant

weight of the dried plant and then grinded in a stainless steel mortar.

E. coli 107 bacteria were acquired from Botany department, faculty of science, Sohag University, Egypt. The components of

growth medium, Luria-Bertani (LB), were supplied from Difco laboratories.

Synthesis of Graphene Oxide (GO) nanosheets. GO nanosheets were prepared from graphite powder using Improved
Hummer’s Method (IHM).% In this method, 1 g graphite powder is added to a mixture of 120 ml concentrated Sulfuric acid and
13 ml Phosphoric acid in an ice bath at 15°C. The mixture is stirred till homogeneity, 30 minutes. After that, 6 grams of
Permanganates were added to the reaction mixture portion wise for an hour. Then, the temperature was elevated to 45°C while
stirring for 3 hours. Then, 150 ml distilled water mixed with 20 ml Hydrogen peroxide 30% were added to stop the reaction.
The GO nanosheets are then filtered off using centrifugation and washed with HCI and distilled water until the complete
removal of sulfates, chlorides and other contaminants. Finally, the obtained GO nanosheets are dried overnight in an oven at less

than 65°C.
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Preparation of Potamogeton pectinatus plant aqueous extract. The plant was powdered well and then 1.5 gm of the powder
was added into a conical flask containing 25ml distilled water. The mixture was gently heated at 70°C for 30 minutes under
magnetic stirring. The solution was then filtered through Whatman filter paper No-1. The solution was kept in refrigerator at

4°C for further synthesis of nanomaterials.

Synthesis of Silver-Reduced Graphene Oxide (Ag-RGO) nanocomposite. Synthesis of this nanocomposite was completed in
two main steps; the first was to prepare GO-Ag suspension with no excess of Ag" ions, in order to ensure an accurate
measurement for the formation of Ag-RGO nanocomposite and not AgNPs separate from GO nanosheets. The second step was

to reduce GO-Ag into Ag-RGO nanocomposite by using plant extract as a reducing and capping agent.

Preparation of GO-Ag suspension. 1ml of GO suspension (its concentration: 5 mg/L) was added to 50 ml solution of 10 M
AgNO; and were stirred for 2hrs. A centrifugation step was done to eliminate the excess of Ag® ions. The precipitate, Ag-GO,

was washed by distilled water and re-suspended in 15ml distilled water.

Reduction of GO-Ag suspension into Ag-RGO nanocomposite via Po plant extract. 4 ml of extract were added to the
suspension of GO-Ag, the solution was stirred for 4 hours (hrs) at 70°C and the UV/Vis spechtrophotometric measurements and
TEM images were carried out each hour. The experiment was repeated at 90°C and the absorbance was measured after 3 hrs of
stirring. The excess plant extract can be removed by centrifugation at 7000 rpm for 10 minutes. Furthermore, FTIR analysis was
carried out for plant extract at 70°C and at 90°C to investigate changes in extract structure. Additionally, some of Ag-RGO

nanosheets were precipitated, dried and characterized via XRD analysis.

Antibacterial action of GO and Ag-RGO nanocomposite. The antibacterial action of GO and Ag-RGO nanomaterials was

studied on E. coli 107 bacteria by The colony counting method.

Cell preparation. E. coli 107 cultures were grown in Luria-Bertani (LB) broth, aerobically, at 37°C in incubator. The broth
contained Peptone 5g, Yeast 3g and NaCl 5g. The cells were harvested by centrifugation at 5000 rpm for 15 minutes. Then,
washed for three times by phosphate-buffer saline solution (PBS) and re-suspended in the nutrient medium. The initial

concentration of bacteria was diluted many times until reaching the colony count of 10° — 10” CFU/m.

Comparison between the antibacterial effects of GO and Ag-RGO nanosheets. A 5 ml saline solution of GO or Ag-RGO
(100 pg/ml) was incubated with a 5 ml saline solution of E. coli 107 bacteria (105-10" colony forming units per milliliter
(CFU/mI) for 4 hrs at a 250 rpm shaking speed and 37°C. In parallel, isotonic saline solution of E. coli without treatment was

used as a control. Loss of cell viability of E. coli was measured using colony counting method, in which a series of 10-fold cell

Page 4 of 15
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dilutions (120 pl for each one) were spread onto LB plates and left overnight to grow at 37°C. After that, colonies count of these

plates was compared to that of control. All treatments were done at least twice.

Characterization:

UV/Vis spectrophotometer (SHIMADZU, Japan, model UV21650 PC) was used to monitor synthesis of nanomaterials and
detect their absorption bands. Raman spectroscopy (WITec instruments Corp, Germany) was applied on GO samples to detect
the D and G characteristic bands of GO nanosheets. FTIR spectroscopy (Nicolet 6700) was applied on IHM GO to detect the
main functional groups. It was applied also on Po extract before and after synthesis of Ag-RGO nanocmposite at low
temperature and at a high temperature to detect the functional groups of the extract and to understand the chemical changes of
its structure under different conditions. TEM analysis (JEOL TEM-2100) at 200 KV was carried out for RGO-Ag
nanocomposite under different conditions. XRD analysis (Shimadzu, Kyoto, Japan) with a scanning angle ranges from 8 to 28

2Theta for IHM GO nanosheets and from 10 to 80 2Theta degrees were carried out for RGO-Ag powder samples.

Results and Discussion:

Synthesis and characterization of GO nanosheets. The brown GO nanosheets were prepared from the black graphite powder
by means of strong oxidation, figure (1A), using Improved Hummer Method (IHM).** This method depends on addition of
excess Sulfuric acid mixed with Phosphoric acid and a higher amount of Permanganate to provide strong oxidation conditions.

The oxidation of graphite (Gt) produced graphite oxide (GtO) with many oxygen-containing groups.

The FTIR analysis confirmed the formation of many oxygen-containing groups,® such as hydroxyl (OH) (stretching at 3434 cm’
%), C-H (stretching at 2849.81 cm™ ) and 2921.74 cm™, carbonyl (C=0) at 1720 cm™, unsaturated double bonds (C=C) at
1627.64 cm™, and COOH at 1726.10 cm™ for the C=0 part and the significant broadening from 3434 to 2500 cm™ due to
hydrogen bonding of OH groups, figure (1B). The introduction of these oxygen-containing groups resulted in the increase of the
interlayer spacing between graphite sheets but did not exfoliate them totally. Sonication processes resulted in exfoliation of GtO
sheets into GO nanosheets which contain a small number of stacked layers. These stacked nanosheets have a longer interlayer

distance which was characterized by XRD analysis, figure (1C).

In the XRD analysis, the 2Theta value was shifted from 26°, which is the normal value for graphite powder,> into 2Theta =
9.5° which reflects an interlayer spacing (d of GO nanosheets with a value 9.2 A°. The complete disappearance of the value 26°

for 2Theta means a complete oxidation process. This is illustrated in figure (1c).

The Raman spectra of Improved Hummer method synthesized GO “IHM GO” in figure (1D), showed presence of the intense D-
band at 1350 cm™ (the band referring to lattice distortion) and the normal G-band at 1590 cm™. The D-band is attributed to the

high level of oxidation which resulted in defects on GO nanosheets surface and lattice distortion.>
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Figure 1. Gt oxidation using IHM to be converted into GO nanosheets (A). FTIR analysis of the as prepared GO
nanosheets which demonstrates the different functional groups on surface and edges (B). The XRD analysis of GO nanosheets

demonstrating a complete oxidation with no bands for residuals of Gt (C). Raman analysis indicating D and G-bands of GO
nanosheets (D).

Synthesis of Ag-RGO nanocomposite. Figure (2A) illustrates a schematic diagram for synthesis of Ag-RGO nanosheets from
graphite powder. The procedure depends on two steps; the first is the chemical and physical binding of Ag* ions onto GO
nanosheets and the second is the reduction of both Ag* and GO where AgNPs become part of RGO nanosheets. GO nanosheets
were immersed in AgNO; solution and stirred for two hours where active sites of GO are saturated by Ag” ions and then
separated from excess silver nitrate solution by centrifugation. The separated GO-Ag complexes were re-suspended in 15 ml
distilled water and were reduced by the plant extract. The challenge is monitoring Ag* reduction on surface of GO nanosheets.
Despite having strong surface plasmon resonance (SPR) which depends on their shape and size,**®® AgNPs had no detectable
SPR peaks while being in the form Ag-RGO. This is attributed to the quenching effect of GO nanosheets for SPR of metal
nanoparticles.*® One possibility is to measure absorption peaks of AgNPs. Yet this is not accurate; excess Ag* is needed to

have a detectable signal which results in the observation of free AgNPs peaks and not Ag-RGO ones.®¢®

Page 6 of 15
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As discussed above, UV-Visible (fig 2B) is not possible for investigation of the Ag-RGO nanocompaosite. On the other hand,
TEM is an excellent tool to monitor the synthesis process by taking TEM images at specific time intervals during the synthesis

process.

The TEM images of the as-prepared samples are illustrated in figure (2C-F). Figure (2C) is a TEM image of GO nanosheets that
indicates the layer-like nature of GO nanosheets. Figure (2D) is a TEM image of the mixture of GO-Ag and Po extract after 2
hours of reduction, which indicates formation a few numbers of AgNPs on surface of RGO nanosheets. As the reduction process
continued, more AgNPs were precipitated on surface of RGO. This was clear in the TEM image of Ag-RGO nanocomposite
after 4 hours of reduction, figure (2E). On the other hand, AgNPs were well distributed on surface of RGO nanosheets with a
majority of spherically-shaped nanoparticles, figure (2E, inset). In addition, particle size distribution in figure (2E, inset) of
AgNPs on surface of RGO nanosheets demonstrated that 66% had diameters between 11 and 20 nm, 24% were ranging from 21
to 30 nm, 5% were ranging from 1 to 10 nm and the last 5% were between 31 to 40 nm in diameters. From HR-TEM image of
Ag-RGO nanocomposite in figure (2F), nature of binding between AgNPs and RGO nanosheets appeared similar to metal-metal
fusion with some surface defects in AgNP due to stacking to edges of RGO nanosheets. The polycrystalline nature of AgNPs
was demonstrated by the Selected Area Electron diffraction (SAED) pattern of AgNPs on surface of RGO nanosheets with
concentric rings of crystal planes, figure (2F, inset). These crystal planes were interpreted as (111), (200), (220) and (311) of
face centered cubic (FCC) lattice by XRD analysis of Ag-RGO. There is a plane with indices of (111) was written in red on the

SAED pattern to indicate presence of AgCl crystals as impurities.

A B
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by IHM., followed by a sonication step ——10hr
— —— 2.0 hrs
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Figure 2. A schematic diagram for synthesis of Ag-RGO nanosheets (A), UV-Vis spectral analysis of Ag-RGO nanocomposite
without detectable results for AgNPs plasmonic peaks on surface of RGO nanosheets (B), TEM image of GO nanosheets, (C),
TEM image for a mixture of GO-Ag and Po extract after 2 hours of reduction where some AgNPs were formed on surface of
RGO nanosheets (D), more AgNPs were precipitated on surface of RGO after 4 hrs of reaction (E), particle size distribution of
AgNPs on surface of RGO nanosheets (E, inset), HR-TEM image of Ag-RGO nanocomposite indicating nature of binding
between AgNPs and RGO nanosheets which appeared similar to metal-metal fusion with some surface defects in AgNPs due to
stacking to edges of RGO nanosheets (F), the crystalline nature of AgNPs are also illustrated by the Selected Area electron
diffraction (SAED)-TEM image (F, inset)

The XRD analysis of IHM GO nanosheets and IHM RGO-Ag nanocomposite in figures (3A & 3B) indicated many important
observations. GO showed a strong diffraction peak at 2Theta = 9.5 degrees with an interlayer distance of 9.2 A° (figure 3A).
After reduction process, GO peak was shifted into 2Theta = 12.27 degrees with an interlayer distance of 7.2 A° due to partial
reduction of some oxygen-containing groups on surface of GO nanosheets. On the other hand, a new peak appeared at 2theta =
23 degrees for RGO nanosheets formation, figure (3B). Hence, the product contains both the fully reduced GO and the partially
reduced GO nanosheets. Second, the Ag nanoparticles’ introduced weak diffraction peaks at 38.24°, 44.54°, 64,65° and 77.12°
which correspond to (111), (200), (220) and (311) planes of FCC lattice of AgNPs, respectively (JCPDS card No: 04-0783),

figure (3B). Third, the diffraction peaks of planes (220) and (311) appeared at 64,65° and 77.12° which are slightly different

8| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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from the standard values of 64.44 and 77.42° (JCPDS card No: 04-0783). This very small difference is attributed to surface
defects in lattice of the produced AgNPs due to their stacking to RGO nanosheets. Fourth, AgCI crystals were formed during
reduction process with slightly strong diffraction peaks as illustrated in figure (3B) (JCPDS card No: 31-1238). These AgCl
crystals were precipitated from the combination of Ag” ions from AgNOj; solution with Cl ions from the extract. Finally, the

unassigned two diffraction peaks in figure (3B) might be attributed to the bio-organic crystals of plant extract.
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Figure 3. The XRD analyses of IHM GO nanosheets (A), and IHM RGO-Ag nanocomposite (B). Diffraction peaks of AgCl as
impurities (*), Crystallographic planes [(111), (200), (220), 311)] of AgNPs on surface of RGO nanosheets, and the unassigned
diffraction peaks which might be attributed to the bio-organic crystals of plant extract organic components (*).
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Role of Po plant extract in formation of Ag-RGO nanocomposite. Potamogeton pictinatus plant extract contains polyphenolic

compounds, proteins with free amino acids and carbohydrates®’*°

with electron donating groups. These compounds act as reducing and
capping agents. Their capping property is attributed to presence of long-chain compounds of proteins and carbohydrates.” The FTIR analysis
of Po plant extract, figure (4A), show presence of amine groups stretching vibrations with two adjacent peaks at 3370 and 3462 cm™,
hydroxyl groups stretching at 3410 cm™, Nitrile (CEN) groups stretching vibrations at 2333 cm™, C=C groups stretching vibrations at 1645
cm'! and N-H Wagging (bending) vibration modes at 676.9 cm™. Temperature variation has a strong effect on catalytic degradation of
Potamogeton pictinatus extract by GO nanosheets during reduction process. Po extract works as a reducing and capping agent in synthesis of
AgNPs as demonstrated in our previous paper'” and for GO nanosheets, too. The difference between this reduction and reduction of Ag* ions
is that GO undergoes catalytic degradation of the extract, especially at elevated temperatures. At 70°C, the FTIR absorption peaks of amine
and hydroxyl groups in figure (4B) decrease in intensity, if compared to those of extract while the other peaks of C=C or CZC increase in
intensity. That indicates that, beside the reduction of Ag* ions into AgNPs, the extract itself was slightly degraded and changed in structure.
On the other hand, this change was drastic when temperature increased to 90°C and the decomposition of the extract was more significant.
There were no detectable peaks for amine groups and there was only a broad band at 3410 cm™, figure (4C). This is also clear from the UV-
Vis spectral analysis of plant extract at 70°C and 90°C in figure (4D), where the absorption peaks of plant extract decreased gradually with

time at 70°C due to catalytic degradation of bio-organics of this extract. The intensity decrease was strong and drastic when temperature was

elevated to 90°C, as the degradation was accelerated by heating and hence these experiments are recommended at low temperatures.
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Figure 4. FTIR analysis of Po plant extract indicating presence of amino and hydroxyl groups (A), FTIR analysis of Po plant extract after 3
hours at 70°C which indicates the slight degradation of the extract (B), FTIR analysis of Po plant extract after 3 hours at 90°C where the
degradation became more obvious (C), UV-Vis spectra of extract at different reaction parameters indicating decomposition of plant extract
especially at 90°C (D).

Antibacterial activities of Ag-RGO nanocompsite. The time-dependent antibacterial effects of GO and Ag-RGO nanosheets were studied
on E. coli 107 bacteria by using the colony counting method. A fixed amount of GO or Ag-RGO nanosheets were incubated with E. coli
suspension for four hours, figure (5). Both GO and Ag-RGO demonstrated the same trend; the loss of cell viability increased gradually with
increase in incubation time. The loss of cell viability of E. coli when incubated with GO nanosheets was 54+4.2% at the first hour. It
increased gradually in the second and third hours to 68+3.9% and 79+4.5%, respectively. It reached its maximum as 87+5.1% at the fourth
hour. On the other hand, Ag-RGO nanosheets exhibited a stronger antibacterial effect; the loss in cell viability at the first hour of incubation

was 48+3.5%, the second and third hours were 73+5.2% and 85+4.7%, respectively. The fourth hour indicated a stronger effect as 92+4.1%.

The antibacterial effect of GO nanosheets was proved to be a combination of two main mechanisms; the first is the physical stress of sharp
edges of GO nanosheets on cell wall and the second one was the oxidative stress (oxidation of some vital component in bacterial cells)*®" .
In addition, the antibacterial effect of AgNPs has many theories but the general understanding is morphological changes of bacterial cell wall

(physical damage of membrane)***®

and the structural effects by reactive oxygen species (ROS), free radicals, interaction with sulfur-
containing’ membrane proteins with disturbing membrane permeability and interaction with phosphorous moieties of DNA, resulting in

inhibition of DNA replication and prohibition of cell division.** %

11
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The bio-organic reduction of GO-Ag suspension resulted in formation of Ag-RGO nanocomposite. Although RGO nanosheets have lower

antibacterial effect than GO nanosheets, it was proven that the phytosynthesized Ag-RGO nanocomposite has a stronger antibacterial effect

than GO nanosheets due to the synergetic harmony of action between AgNPs and RGO nanosheets, 6% &4

100
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I Ag-RGO nanocomposite

80
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40-

20+
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Figure 5. Loss of cell viability of E. coli when incubated with GO and Ag-RGO nanosheets. The loss increases with increase in incubation
time

Conclusions:

In conclusion, a green and facile synthesis method was introduced for fabrication of Ag-RGO nanocomposite using the aqueous extract of
Potamogeton Pectinitus (Po) plant. This is the first work to introduce Po as a reducing and capping agent in synthesis of Ag-RGO
nanosheets. TEM analysis proved formation of the aforementioned nanocomposite and the homogenized distribution of AgNPs on surface of
RGO nanosheets. The XRD analysis indicated partial reduction of GO nanosheets in GO-Ag suspension into Ag-RGO. FTIR analysis of Po
plant extract demonstrated role of amine and hydroxyl groups of proteins, carbohydrates and other long chain compounds in reduction
process. In the same context, a strong effect of reaction temperature on synthesis procedure due to its acceleration for catalytic degradation
effect of GO or Ag-RGO on plant extract was demonstrated. On the other hand, the green synthesized Ag-RGO nanocomposite demonstrated
a stronger antibacterial effect, against E. coli bacteria, than GO nanosheets. This was attributed to the synergetic effect of both AgNPs and

RGO nanosheets. This antibacterial measurement is just a preliminary test to prove the enhanced antibacterial effect and a more detailed

study is recommended.
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