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Abstract:
The study examines the in vitro biological responses to reduced graphene oxide (rGO), and looks at how
rGO can be synthesized from Rumex vesicarius leaf extract, a more environmentally friendly approach. A
range of spectroscopic and microscopic techniques thoroughly describe the environmentally produced rGO.
From the XRD spectral data, a clear 2θ increase to 24.25° can be seen, confirming the reduction of graphene
oxide (GO) into rGO. Furthermore, FTIR spectra indicate that deoxygenation of GO is indeed successful.
Using FESEM, it can be explained how rGO is created through a morphological change in GO, and EDX
analysis reveals that there has been an initial decrease from 38% to only 18%. Allowing the biotinylated
rGO nanosheets to successfully synthesize Rumex vesicarius, a green reducing agent (i.e., one that acts
as an antioxidant), takes advantage of all bioactive compounds in its leaf extract, exerting their individual
effects upon it. This bio-reduced rGO also has remarkable antibacterial properties. In particular, it is effective
against Staphylococcus aureus and Pseudomonas aeruginosa. This research is directed to the dire urgency for
novel, efficient biomaterials in light of highly infectious pathogenic bacterial strains resistant to traditional
antibiotics. They note that cells of bio-reduced rGO have the potential as a medical agent to combat antibiotic
resistance, stressing the importance of bio-reduction in current time when there is mounting concern about
antimicrobial resistance.
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1. Introduction

There has been remarkable progress recently in nanobiotech-
nology, merging nanoscience and biotech. Using phyto-
chemicals to synthesize new types of nanomaterial is an
excellent example. The complementary effect of these two
branches has enabled the creation of various nanomate-
rial designs, especially biologically compatible nanometri-
cally with possible medical and pharmaceutical applications
[1, 2].
Interestingly, since its discovery in 2004, graphene has
become a point of focus for researchers due to the ma-
terial’s characteristics. A single-layer sp2 hybrid carbon
atom arrayed in a hexagonal structure provides high elec-
trical and thermal conductivity together with ample surface
area. These exceptional properties make graphene applica-
ble for many other uses as well, such as supercapacitors [3],
biosensors, solar cells, catalysts, drug delivery, and water

purification systems of various kinds [4].
Many processes have been used to produce graphene, of
which the reduction with chemicals (chemical exfoliation)
of bleached graphene oxide is recognizable as being simple
and scalable. The chemical reducers are key to converting
graphene oxide (GO) into just plain old graphene. Promi-
nent chemical-reducing agents are dimethylhydrazine, hy-
droquinone, sodium borohydride, and hydrazine hydrate [5].
On the other hand, chemical-reducing agents are of course
not environmentally friendly products. Consequently, there
has been a trend toward finding sustainable and environmen-
tal reduction methods that do less harm to the planet (such
as those based on plants) [6].
Eco-friendly reductants Reducing agents can be split into
organic acids, microorganisms, sugars, proteins, and amino
acid-reducing agents. To overcome the environmental threat
of chemical-reducing agents, industries have turned their
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attention to finding sustainable alternatives. Reduction solu-
tions using plant extracts are now being explored all over
industry and academia alike [7, 8]. Research in biomedical
nanotechnology has taken off over the past decade, setting
new milestones for the production of green nanoparticles.
Synthesized nanoparticles of phytochemicals are garnering
growing attention for their anti-inflammatory, antibacterial,
and anticancer properties. A clean, cheap, and sustainable
technique, biosynthesis of nanoparticles offers several ad-
vantages over other biological techniques.
Whereas plant extracts have indeed proved effective at
reducing graphene oxide, no one has tried using Rumex
vesicarius as a green reducer for synthesizing reduced
graphene oxide (rGO). The goal of this study is to explore
the phytochemical properties of R. vesicarius leaf extract
for graphene oxide reduction, as well as a complete analysis
and description of rGO produced by such methods, along
with an assessment of its antibacterial activity. This study
also adds to the developing understanding of sustainable
and green ways of synthesizing nanomaterials that have
applications in biomedicine.

2. Experimental

2.1 Materials and chemicals
The following materials were procured and utilized without
additional purification: graphite powder (99 percent pure,
mesh size 325), potassium permanganate (KMnO4), sodium
nitrate (NaNO3), sulfuric acid H2SO4), and hydrochloride
acid. The use of deionized water (DI) to make the graphene
oxide (GO). Hummer’s technique was used to achieve suc-
cess in the production of GO nanosheets.

2.2 Synthesis of GO nanosheets
Graphite powder was the starting material for the produc-
tion of GO nanosheets, using a modified Hummer method
[9, 10]. By employing this method, graphite, H2SO4, after
which the temperature must be kept below 20 ◦C, and by
adding oxidizing KMnO3 and NaNO3 agents have been
where oxidized graphite to a compound of graphitic carbon.

This mixture was then stirred for 18 hours at a temperature
of 35 ◦C. Afterward, 3 milliliters of 30% H2O2 were added
in drops, and the resultant suspension turned a bright yellow.
This was then centrifuged at 5000 rpm for 15 minutes, after
which HCl (3 mL) and distilled water were used to wash
until the (pH = 7). Next, the product was dried in a 40 ◦C
oven for 24 hours. The dried GO was re-thawed in deter-
gent water (1 mg/mL) to ensure that it was homogeneously
distributed.

2.3 Plant material preparation

The producers thoroughly washed mature leaves of R. vesi-
carius with distilled water and dried them at 50 ◦C. They
then took the dried leaves and passed them through a home
blender before storing the resulting powder in an air-tight
box.

2.3.1 Preparation of R. vesicarius leaf extract

Preparation of the R. vesicarius leaf extract included mixing
15 gm of finely ground leaves with 150 mL distilled water
and boiling for half an hour at a temperature of 100 ◦C. The
mixture was filtered after one hour through a 0.45 µm filter
to extract the desired materials, which were then kept at
4 ◦C.

2.3.2 Reduced synthesis of graphene oxide using leaf
extracts

rGO was synthesized from GO precursors with R. vesicarius
leaf extracts acting as catalysts. At first, 50 mL of solution
containing 1 mg/ mL of GO was raised in pH = 10 by using
NaOH (0.1N), and then the leaf extracts were added. After
15 minutes of constant stirring at 90 ◦C, it was centrifuged
for 15 minutes. The resulting black precipitate, or rGO was
dried for 24 hours at 60 ◦C. The reduction of oxygen in GO
is evident from the change in color from yellow-brown to
black, is shown in Fig. 1.

Figure 1. Visualizing the reduction: from yellow brown to black this is the sequence of transition colors that appear when
graphene oxide (GO) loses oxygen.
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3. Characterization of synthesized GO
nanosheets

To gain an understanding of the synthesized graphene ox-
ide (GO) nanosheets, numerous analytical methods were
employed in a comprehensive analysis of structural and
crystalline characteristics as well as morphology.

3.1 Fourier transform infrared spectroscopy (FTIR)
A Shimadzu FTIR 8400s instrument from Japan was used
to do the analysis. Using wavelengths from 500 to 4000
cm−1, the functional groups in both types of compound
were studied. From this analysis, the chemical composition
and bonding arrangements of a newly synthesized nanoma-
terial could be determined.

3.2 X-ray Diffraction (XRD)
Crystalline properties of GO and rGO were analyzed by
XRD with Rigaku-Ultima IV made in Japan. The diffraction
patterns and crystallographic structure of the nanosheets
were studied using nickel-filtered Cu-Kα (λ = 0.154 nm).
Further study of structural transformations through the re-
duction process was possible using XRD analysis.

3.3 Field emission scanning electron microscope (FE-
SEM)

The morphologies of the GO and rGO were confirmed by
an FESEM test using a German-made Carl Zeiss SUPRA55
instrument. By using this high-resolution imaging tech-
nique, scientists were able to observe the topography of
the nanosheets ’surface, their size, and shape. The struc-
tural transformation that takes place after the reduction of
the nanomaterial was a topic inherently suited for study by
FESEM.

3.4 Energy dispersive X-ray diffraction (EDX)
Synthesized nanosheets were analyzed through Energy Dis-
persive X-ray diffraction (EDX) and scanning electron mi-
croscopy to determine their elemental composition. This
analysis made use of a MIRA3 TESCAN instrument from

Figure 2. FTIR spectra of the GO ,ex and rGO.

the Czech Republic. EDX analysis also gave quantitative
data on the relative proportions and spatial distribution of
elements in the nanomaterial, as well.
Such multi-technique characterization gives a clear picture
of the structure and attributes (crystalline, morphological)
of synthesized nanomaterials. Such observations not only
help to understand the reduction process but also explain
many of the properties of reduced graphene oxide.

4. Results and discussion

4.1 FTIR analysis
The plant extract of Rumex vesicarius (ex), graphene oxide
(GO), and reduced graphene oxide (rGO) were sent for anal-
ysis using Fourier transform infrared spectroscopy, which
was used to identify their functional groups. The FTIR
spectra of these samples are shown in Fig. 2.
Plant extract (ex) noteworthy peaks found in the spectrum
of plant extracts include 3392 cm−1 (alcohols and phenols)
and 1652 cm−1 (aromatic, C=C). Also, the presence of car-
boxylic acid-related alcohols or ethers (C-O stretch at 1268
cm−1) is supported by a smaller peak, which appears when
this frequency is probed.
For the GO spectrum, peaks at 1044 cm−1 (C-O), 1366
cm−1 (O-H), 1642 cm−1 (C=C), and 1723 cm−1 (C=O) are
typical of spectra obtained for bonds within that molecule’s
polymer; its characteristic four main peak wavelengths were
reported in reference articles. The broad peak at 3432 cm−1

is due to water adsorbed on the surface and (O-H) stretch
vibrations of the (–COOH) functional groups. That suggests
the extensive production of oxygen-containing functional
groups during the oxidation process [11, 12].
From a comparison of the rGO spectrum to the spectrum
for pure GO, it can be seen that peaks designated (OH),
(C=O), and (C-O) are somewhat less intense than in unre-
duced samples. This reduction will result in rGO that has
lost the oxygen-containing functional groups from its struc-
ture. The fact that these peaks have lessened intensity in the
spectrum of reduced rGO suggests a successful reduction,
which supports the idea that oxygen functionalities can be
removed during green reduction using Rumex vesicarius
leaf extract. This reduction improves the properties of rGO,
including its conductivity and other physical characteristics.
It also makes it suitable for many applications [13–15]. The
changes in the FTIR spectra are consistent with expected
variations in the chemical composition of nanomaterials
after reduction.

4.2 X-ray diffraction
We used X-ray diffraction (XRD) to study the crystallinity,
phase composition, and lattice parameters of graphene oxide
(GO) and reduced graphene oxides. XRD spectra for both
the GO and rGO are revealed in Fig. 3.
The XRD spectrum of the GO has a clear single peak at
10.72°, with d-spacing (082 nm), corresponding to its (00l)
plane. The d-spacing increase is related to the intercalation
of water molecules between graphite layers and oxygen
functional groups initiated by the reaction. After Rumex
vesicarius extract is sprayed on the water of a GO solution,
there appears another broad peak centered 2θ = 24.25° and
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Figure 3. Diffraction patterns of GO and rGO.

d-spacing (0.487 nm), which is attributed to the (002) plane
and JCPDS Card No. is matched with 75-1621 [16]. A peak
shift and the broader peak are attributable to restacking
of graphene sheets by reduction, with incorporation into
an amorphous structure. The lower d-spacing (0.487 nm)
in rGO is indicative of the removal of oxygen functional
groups, according to studies by other authors that argue for
a foil-like structure at this point [14, 15].
The crystal size (D) of GO and rGO was calculated using
the Scherer-Debye equation [17]:

D =
Kλ

β cosθ
(1)

where λ : is the X-ray wavelength of (0.15406 nm), K: is
a constant equal to (0.89) approximately, β : is the radial
value resulting from multiplying of full width at half maxi-
mum (FWHM) by (π/180) and θ : is the Bragg angle. The
microstrain (ε) of the lattice was calculated by the equation
[18]:

ε =
β0.5

4tanθ
(2)

The dislocation intensity (δ ) was determined using the for-
mula [2]:

δ =
1

D2 (3)

The surface area (S.A.) of GO and rGO was computed using
the equation [19]:

S.A.=
6

Davρ
(4)

The density of Go and rGo are ∼ 1.8 g/cm3 & 1.50−1.70
g/cm3.
Error! Reference source not found. gives the predicted
crystal size, estimated with the use of the Scherer-Debye
equation, as well as the values for the dislocation density
and the micro-compliance of the produced nanocrystals.
The results of the reduction process on the important struc-
tural parameters for both graphene oxide (GO) and reduced
graphene oxide (rGO) nanosheets are presented in Error!
Reference source not found. There is a clear decrease in
crystalline size, D nm, with an accompanying increase in
dislocation density (δ ), surface area (S.A.), and microstress
values (ε). This indicated that this modulation of the struc-
tural material properties was due to reduction. The reduc-
tion also reduces the rate of crystallization, leading to a
corresponding decrease in the size of crystal molecules.
This reduction affects the rhythms of crystal growth, which
causes crystallization to be smaller in rGO than in GO. In
addition, the surface area of each crystal is increased by this
reduction. With a decrease in functional oxygen groups, the
surface becomes more porous-which increases rGO’s sur-
face area. This increase in surface area is closely connected
with a greater micro-ductility the crystal will have acquired
as a result of exposure to stress during reduction. At the
same time, it gives us an idea of how micro stresses have in-
creased. This could be traced back to changes in crystals as
a result of being subjected to stress by reduction processes.
With this increased micro-ductility, stress is more absorbed
by the crystal, and dislocation density falls.

4.3 FE-SEM analysis
The morphology of our composite graphene oxide (GO)
and reduced graphene oxide (rGO), as analyzed by field
emission scanning electron microscopy, is shown in Fig. 4.
The wrinkled and wavy shape of the sheets was confirmed
by FE-SEM analysis, which also revealed their exfoliation.
You can readily see the sheets, with their surface roughness,
perhaps due to interactions between these GO layers, car-
boxyl groups, and H2O molecules. These surface features
align with what should be observed from exfoliated GO
samples.
The results of FE-SEM analysis, in comparison, show that
the rGO retains a significant portion of folded and coiled
sheets with fewer stacked individual sheets. The reduction

Table 1. Microstructral parameters of Go and rGo.

Sample 2θ (hkl) β dhkl D (nm) (S.A.) (δ ) (ε)

×103 cm2/g ×1011/cm2 ×10−3

Go 10.72 (001) 0.022 0.82 6.26 0.532 0.0255 0.0586

rGo 24.25 (002) 0.0725 0.487 1.935 1.823 0.267 0.0843

2251-7227[https://dx.doi.org/10.57647/j.jtap.2024.si-AICIS23.22]

https://dx.doi.org/10.57647/j.jtap.2024.si-AICIS23.22


Raja & Naeem AICIS23 (2024) -22 5/8

Figure 4. FE-SEM images of GO and rGO.

process removes oxygen-containing functional groups and
lets interlayer Van der Waals forces join the rGO sheets
together to stack. This structural change is perfectly cock-
sound with the XRD results, which demonstrate that rGO
has a smaller interlayer distance than pure GO. The role
of induced transformation sheets piled up by the coiling
process points to an increase within rGO in intermolecular
forces between sheets, one possible factor responsible for
its apparent change in morphology.
The structural changes that accompany the reduction pro-
cess yielded through an FE-SEM analysis offer important
insights into the transformation of functional groups in GO.
The partially unfolded and coiled sheet-like structure of
the rGO, combined with the narrower interlayer spacing,
confirms that they have successfully stripped off oxygen
functional groups to restore some normal bonds in reduced
graphene oxide [16].

4.4 EDX analysis
Energy dispersive X-ray spectroscopy (EDX) was used to
examine the chemical makeup of graphene oxide and re-
duced graphene oxide. Fig. 5 shows the EDX spectra of GO
and rGO.
The EDX spectrum of the base GO shows a high concen-

tration of oxygen (O), which is evidence that oxidation has
been successful. A high level of oxygen is, as expected
from an oxidized graphite species (graphite plus O func-
tional groups), the case.
By contrast, the EDX spectrum of rGO reveals a correspond-
ing large decrease in oxygen content, which indicates that
reduction has been effective. The higher carbon-to-oxygen
(C:O) ratios in rGO compared to GO support the reduction
effectiveness, as the C/O atomic ratio increased from 1.55
to 4.04. This reduction is due to the use of Rumex extract
as a green reducing agent. In c. R vesicarius also contains
an environmentally friendly reducing agent that can facil-
itate the removal of oxygen-containing functional groups,
leading to reduced carbon content in rGO [19].
A decrease in oxygen content based on EDX data values,
the O concentration fell from 38.3% (GO) to only 19.2%
after r GO preparation (rGO). The marked decrease in oxy-
gen level and increase in the carbon-to-oxygen ratio shows
that R. vesicarius is an efficient, environmentally friendly
reduction agent for the synthesis of reduced graphene oxide.
The quantified results from EDX analysis focus on the el-
emental composition of GO and rGO, highlighting that
Rumex vesicarius extract can effectively reduce graphite ox-
ide. Such a reduction in the oxygen content of EDX would

Figure 5. EDX spectrum of GO and rGO.
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be evidence that R. vesicarius, which had been used as a
reducing agent, was indeed environmentally benign.

4.5 Antibacterial activity of rGO nanosheets

Because they are antibacterial, graphene materials show
broad-spectrum viability against gram-positive and gram-
negative bacteria [20], a very special feature that in-
creases their applicative potential. This study aimed to
test the antibacterial effectiveness of rGO nanosheets pre-
pared using Rumex vesicarius. Different concentrations
(0.25, 0.5, 1, and 2 mg/mL) were tested for inhibition
zones against gram-positive bacteria Staphylococcus au-
reus (S.aureus) and gram-negative bacteria Pseudomonas
aeruginosa (P.aeruginosa). The use of the Mueller-Hinton
agar diffusion method involved dropping 40 µL solution
containing rGO into each well and incubation for 24 hours
at a temperature of 37 ◦C. Measurement results indicate
that the higher its concentration, the more effective rGO
nanosheets are at inhibiting bacteria in a given area, as
shown in Error! Reference source not found. (S. aureus)
and (P. aeruginosa) bacteria can be observed in Fig. 6.
Several theories have been put forward to explain how
graphene nanosheets achieve their antibacterial properties.
Their exact mechanisms involve physical disruption or struc-
tural damage to bacterial cell walls and membranes, as well
as the detaching of bacteria from their environments; these
events trigger the production of reactive oxygen species

(ROS) [21, 22].
These zones of growth inhibition clearly show that the
Rumex vesicarius-derived rGO nanosheets are a power-
ful antimicrobial for both gram-positive and gram-negative
bacteria. Furthermore, its increased antibacterial effect at
higher doses indicates that the rGO produced by this envi-
ronmentally friendly bioelectric method causes destabiliza-
tion of cell membranes and, subsequently, death to bacteria.
The results indicate the antibacterial activity of biosyn-
thesized rGO at varying concentrations, suggesting that it
could be an effective antimicrobial agent. Its concentration-
dependent growth inhibition zone indicates that it increases
the effectiveness of rGO in disrupting bacterial cell mem-
branes.

5. Conclusion
Graphene oxide (GO) was successfully prepared using
the Hummer method based on a chemical route. A green
reduction method using Rumex vesicarius leaf extract was
then used to reduce graphene back into rGO effectively.
This is the first method of using Rumex vesicarius leaf
extract for direct reduction to a tar-like GO. The GO
was synthesized from graphene oxide, and the reduction
process and comprehensive chemistry characterization
(FTIR, XRD, FE-SEM & EDX) confirmed its successful
availability. These analytical results collectively show that
rGO’s oxygen functional groups were greatly decreased

Figure 6. Zone of inhibition image of (S. aureus and P. aeruginosa) bacteria.

Table 2. Inhibition zone for (S.aureus) and (P.aeruginosa).

Concentration Mean zone of inhibition (mm) Mean zone of inhibition (mm)

Antibacterial agent S.aureus gram-positive P.aeruginosa gram-negative

0.25 mg/ml 15 9

0.5 mg/mL 20 10

1 mg/mL 21 12

2 mg/mL 24 16
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by the process of green reduction, which proves Rumex
vesicarius leaf extract served as a successful reducing
agent. Especially noteworthy is that the study shows R.
vesicarius leaf extract to be a surprisingly sustainable and
environmentally friendly alternative means of reducing
cholesterol, eliminating dependence on harsh chemical
reagents in developed countries-which are hard-pressed
for eco-friendly alternatives. Add to this that the tests for
antibacterial activity showed rGO produced with Rumex
vesicarius leaf extract has strong inhibitory action against
both gram-positive and gram-negative bacteria. This result
leads me to believe that biosynthesized rGO is an effective
antibacterial agent. Finally, this work points out that the
industrial manufacture of rGO using Rumex vesicarius
leaf extract is both effective and environmentally friendly.
The above characteristics of rGO (with lowered oxygen
functional groups and heightened antibacterial effects) have
promoted it as an important new material in green nanotech.
The use of plant extracts for the green synthesis of graphene
materials not only opens up novel directions in nanotech
but also comports with sustainable and environmentally
friendly practices to bring about new possibilities for
functional biomaterials.
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