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Abstract: Graphene oxide nanoparticles have found immense application in biotherapeutics owing to
its biocompatibility and enhanced effectiveness in drug delivery. The present study investigates the
green synthesis of reduced graphene oxide (rGO) using leaf extract using Tridax procumbens and
testing its in-vitro biological activities. The biosynthesized TP-rGO was characterized by various
spectroscopic and microscopic techniques. UV-vis spectroscopic primarily detected the absorption peak
from 232 to 287 nm. XRD spectra showed diffraction peak 26 at 25% confirming the presence of reduced
GO. FTIR and Raman spectra confirmed effective deoxygenation of GO assisted by bioactive molecules
present in the leaf extract. EDAX revealed the presence of carbon (74%) and oxygen (24%). TEM
analysis revealed the presence of graphene nanosheets structure appearing as a thin sheet stacked with
one another. The bioreduced rGO showed an antioxidant effect against DPPH radical observed in a
concentration-dependent manner. The TP-rGO nanosheets were confirming the enhanced antibacterial
effects against gram-positive pathogens than gram-negative bacteria. Hence, it is highlighted that leaf
extract of T. procumbens act as a green, reducing agent for the successful biosynthesis of rGO
nanosheets demonstrating potential in-vitro biological activities and has great scope in the preparation
of nano drugs for the treatment of various diseases.

Keywords: Green synthesis; Tridax procumbens; reduced graphene oxide; antioxidant effect;
antibacterial activity.
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1. Introduction

Graphene and graphene oxide has been widely investigated as probably the most
encouraging biomaterials for biomedical applications because of their particular properties:
two-dimensional planar structure, huge surface region, substance, and mechanical constancy,
radiant conductivity, and great biocompatibility [1,2]. These properties bring about promising
applications for the progressive drug delivery vehicle and conveyance of a wide scope of
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therapeutics [3]. It is additionally utilized for biofunctionalization of protein, in anticancer
treatment, as an antimicrobial operator for bone and teeth implantation [4].

The biocompatibility of the recently integrated nanomaterials permits its generous use in drug
and science [5]. Aerosol pyrolysis [6], discharge arc [7], chemical reduction of graphene oxide
by solution [8], deposition of chemical vapor [9], mechanical and thermal exfoliation of natural
graphite synthesis [10] protocol are generally used for the synthesis rGO nanosheets. Among
these protocols, industries are widely adopting the chemical method for rGO synthesis [11].
Highly harmful and toxic chemical solvents were used to synthesis GO to rGO [12]. These
chemical reducing agents are hazardous for the environment [13]. Due to these reasons,
industries are focusing on environment-friendly and sustainable reduction routes for the
synthesis of bulk carbon materials using plant extract [14].

Nowadays, nanoparticles synthesizing from plants has gained more attention due to
their biological activities such as anti-inflammatory, antibacterial, antifungal, antiviral,
antiangiogenesis, antiplatelet, and anticancer activities [15,16]. Biosynthesis of Green
nanoparticles reports being perfect, non-toxic, cost-effective, and environment-friendly [17].
Among the different biological techniques, industries are showing much interest in the green
synthesis of nanoparticles from plant extract because of their simplicity of scale-up, less
biohazardous nature [18]. In the previous decade, the synthesis of green nanoparticles becomes
a significant part of nanotechnology due to its potential application in energy science,
biomedical, attractive, and aerospace enterprises [19].

A lot of nanoparticles can be effectively incorporated from plants, and most of these
are harmless to the environment [20]. Hence the present study is focusing on converting GO to
rGO nanosheets using the medicinal plant Tridax procumbens. This species belongs to the
Asteraceae family, native to South America, and mostly found in India in place of Maharashtra
[21]. In ancient days, Tridax procumbens is generally used in ayurvedic treatment in India [22].
Tridax procumbens is widely used in the treatment of healing wounds, bone disorder,
antidiabetic, anti-inflammatory, anticancer, antimalarial, hepatoprotective, etc., [23].

The modified hummer method was used to synthesize the reduced graphene oxide
assisted by the leaf extract of Tridax procumbens. Then UV analysis, XRD, FTIR, Raman
spectroscopy, EDAX, and TEM, characterization were carried out to confirm the synthesis of
reduced graphene nanoparticles'. Further, the study also investigated their antioxidant,
antibacterial activity of graphene nanoparticles synthesized from Tridax procumbens. So far,
there is no report on the synthesis graphene nanoparticles by using the leaf extract of Tridax
procumbens. The present investigation was intended to blend and describe graphene
nanosheets.

2. Materials and Methods

2.1. Synthesis of reduced graphene oxide (rGO) nanosheets.

The slightly modified hummer method was used to prepare graphene oxide (GO) [24,
25]. For the synthesis of reduced graphene oxide (rGO), 10 mg of dried Tridax procumbens
leaf extract, and 40 mg of GO was added in 100 ml distilled water and sonicated for 30-40
mins. The yellowish-brown GO subsequent reaction solution was refluxed at 95°C in a water
bath for 12 h. After 12 h, the yellowish-brown color of GO turn into black color confirmed the
successful deoxygenation of graphene oxide. The obtained black color mixture was centrifuged
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at 10,000 rpm for 10 min. The collected residues were washed with deionized water and then
dried. The fine black powder of TP-rGO was stored in vials for further studies.

2.2. Spectroscopic and morphological characterization.

UV-visible spectra of GO and TP-rGO were obtained using a UV-visible
spectrophotometer (JASCO, V670 UV-visible spectrophotometer). X-ray diffraction (XRD)
analyses were carried out using an X-ray diffractometer (BRUCKERDS8 advance
diffractometer). FTIR spectra were recorded over in the wavelength range of 4000-400 cm™
using KBr pellets (FT-IR SHIMADZU IR affinity-1S spectrophotometer). Raman
spectroscopy (HORIBA Scientific Raman spectrophotometer) analysis was carried out to
determine the G and D band. The presence of the elemental compound in TP-rGO was analyzed
by Energy Dispersive X-Ray Analysis (EDAX) (ZEISS EVO18). Morphological analysis of
the sample was performed using scanning electron microscopy (ZEISS EVO18) equipment and
Transmission electron microscopy (FEI-TECNAI G2-20 TWIN).

2.3. Invitro biological applications.
2.3.1. Antioxidant assay.

The free radical scavenging effect of the GO and TP-rGO bioreduced GO was evaluated
by the DPPH assay [26]. Different concentration of the GO and rGO (25 pg/ml, 50 pg/ml, 75
pg/ml, and 100 pg/ml) was mixed with 3 ml of a methanol solution containing DPPH. The
reaction mixture was shaken well and kept for 60 min in a dark place. The reduction of DPPH
radicals was monitored using UV spectroscopy by measuring the absorption at 517 nm.
Ascorbic acid was used as a standard. The inhibition percentage (%) of antioxidant activity was
calculated using the formula, [(Ao-A1)/Ac]x100, where Ao is the absorbance of blank, and A1
is the absorbance of the sample.

2.3.2. Antibacterial assay.

The antibacterial effect of the GO and Tridax procumbens bioreduced rGO was
demonstrated using Agar well diffusion method [27] against gram-positive (B.subtilis,
S.epidermis) and gram-negative (E.coli, P.aeruginosa) bacterial pathogens. Different
concentrations of the GO and rGO (25 pg/ml, 50 pg/ml,75 pg/ml, and 100 pg/ml) were poured
into the wells of Muller-Hinton agar plates, and the plates were incubated at 37 °C for 24 h.
The inhibition zone was measured in mm.

3. Results and Discussion

3.1.Spectroscopic and morphological characterization.
3.1.1. UV Spectrophotometer.

The reduced graphene oxide by Tridax procumbens was monitored by the UV-visible
analysis. The characterization of the sample was extracted from a part of the reaction mixture
in aregular interval, as shown in Fig 1, where the UV-vis range of the GO shows an absorption
peak at 232 nm, indicates that the peak may attribute to the n-n transition of C-C aromatic
bonds. The TP-rGO absorption peaks state that the -x transition of C-C aromatic bonds was
shifted to 287 nm. The high peak absorbance indicates that the Tridax procumbens has a good
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ability to reduce GO to rGO nanosheets. A different plant extract used for rGO synthesis, such
as Eucalyptus [28], Annona squamosa [29], Lantana camara [30] showed a high absorbance
peak than GO in UV-vis analysis.
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Figure 1. UV-Vis spectra of GO and TP-rGO nanosheets.

3.1.2. XRD.

XRD patterns of GO and TP-rGO are shown in Fig.2. The single XRD reflection peak
of GO obtained at 26 = 10.6° with a d-spacing interlayer corresponding of 0.83 nm, which
indicates the presence of carboxylic groups and water intercalation among the layers of graphite
oxidation. In the XRD of the TP-rGO, GO peak was disappeared, and a new broad peak
appeared at 20 = 25° with a d-spacing interlayer corresponding to 0.36 nm, indicates the
reduction of GO. The less d-spacing value of rGO confirmed the absence of oxygen groups
[31].
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Figure 2. X-ray diffraction of GO and TP-rGO nanosheets.
3.1.3. FTIR analysis.

The TP-rGO was characterized by FT-IR to determine the structural changes that
happened when deoxygenation. Fig. 3 shows the IR spectra of the GO and TP-rGO. Both GO,
and TP-rGO FT-IR patterns showed a strong, broad peak at 3353 cm™ and 3242 cm™, which
indicates the stretching vibrations of the hydroxyl groups [32]. The peak observed at 2927 cm”
! represents the C-H group [33], which presence in TP-rGO but disappears in GO. The carbonyl
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group was present in GO at 1728 cm™, but this band peak disappeared in TP-rGO due to the
absence of carbonyl group, confirms that the GO reduction was successfully achieved [34].
1613 cm™ and 1623 cm* peak were observed in GO, and TP-rGO denotes the characteristic of
the C=C stretching bond [35]. The peak appears at 1368 cm™ in GO, and 1394 cm™ in TP-rGO
indicates C-O-H plane bending vibrations bond [36]. Furthermore, peaks observed at 1040 cm’
lin GO, and 1058 cm™ in TP-rGO represents the presence of C-O-C glycosidic linkages and C-
O stretching vibration of C-OH bond [37]. These functional groups reveal that the GO

reduction was successfully achieved by using Tridax procumbens leaf extract.
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Figure 3. FTIR analysis of GO and TP-rGO nanosheets.

3.1.4. Raman analysis.

The Raman spectra of GO and TP-rGO is represented in Fig. 4. Generally, the spectra
of graphene exhibit the presence of two peaks: G-peak arising from the first-order scattering of
the E2g phonon from sp? carbon atoms (1575 cm™?) and D-peak (1355 cm™) due to the
breathing mode of k-point photons of Aig symmetry [38].
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Figure 4. Raman analysis of GO and TP-rGO nanosheets.

The spectra of GO possess a D band at 1348 cm™ and G band at 1588 cm™. In the
Raman spectrum of TP-rGO, both G and D bands were broadened and shifted to 1576 cm™
and 1329 cm™, which could be attributed due to graphitic self-healing and successful reduction,
as removal of oxygen-containing functional groups promotes TP-rGO to associate and restack
respectively [39]. The Io/lc intensity ratio of GO was calculated to be 0.8, which has increased
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in TP-rGO (1.0), which was in agreement with the ratio of GO and rGO bioreduced using
tannin [40]. The higher intensity ratio of GO was attributed to the defects introduced into the
GO during oxidation and ultrasonic exfoliation. In contrast, the highest intensity ratio observed
in TP-rGO indicated disorder on the graphene sheets [28]. Also, the higher intensity ratio
observed in reduced GO was due to the introduction of sp3 defects after functionalization and
incomplete recovery of the structure of graphene [10].

3.1.5. EDAX and TEM analysis.

EDAX spectrum was taken to confirm the elemental composition of TP-rGO that shows
strong signals of elemental C (74%) and O (24%). This EDAX result of TP-rGO supported the
existence of C and O based functional groups represented in Table 1. In addition, the shape of
TP-rGO was analyzed using TEM, and the results were shown in Fig. 5. The image of TP-rGO
is a non-uniform sheet-like structure, and the wrinkled shape of the edges has appeared as
crumbled. The amorphous nature of TP-rGO was confirmed by the SAED pattern (Fig. 5d).

This may be due to non-uniform rGO, which was stacked over one another [41].
Table 1. EDAX of TP-rGO nanosheets.

Element Atomic%
CK 74.02
OK 24.50
Mg K 0.22
K K 1.60
Ca K 0.09
Total 100

200 nm

Figure 5. TEM image and SAED pattern of TP-rGO nanosheets.

3.2. In-vitro biological applications.
3.2.1. Antioxidant assay.

The antioxidant effect of GO and TP-rGO against DPPH free radical is represented in
Fig. 6. The effect was observed in a dose-dependent manner. The maximum radical scavenging
effect of GO (52%) and TP-rGO (77%) was achieved at 100 pg/ml. The radical scavenging
effect of the TP-rGO evaluated by DPPH assay showed potential radical scavenging effects.
The properties of chemical functional moieties presence in TP-rGO may be one of the reasons
for high radical scavenging activity. TP-rGO at high concentrations was able to release DPPH
free radicals. Similar to our results, the study found that graphene materials may also have pro-
oxidant activity and show ROS inhibition, and the antioxidant activity pattern can depend on
the structure of graphene oxide [42].
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Figure 6. Antioxidant activity of GO and TP-rGO nanosheets.

3.2.2. Antibacterial activity.

The zone of inhibition is one of the effective methods to evaluate the antibacterial
activity based on oxidation capacity. The comparative analysis of the bactericidal effects of
GO and TP-rGO was measured by the zone of inhibition method, and results were represented
in Fig. 7. In this experiment, both gram-positive (B.subitils and S.epidermidis) and gram-
negative (E.coli and P.aeruginosa) were used. Among the gram-positive bacteria, more
effective growth retardation was observed against B.subitils than S.epidermidis.The

antibacterial effects of the rGO against the bacterial pathogens were observed to be in a dose-
dependent manner.
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Figure 7. Antibacterial activity of (a) GO and (b) TP-rGO for various gram-positive and gram-negative bacteria.

The different dose concentrations of GO and TP-rGO, ranging from 25-100 pg/ml, very
slight variations in the measurement of inhibition zones were observed for both species (Fig.8).
At high dose concentration (100 pg/ml), the inhibitory effectiveness was recorded high for
B.subitils: 9 mm (GO), 18 mm (TP-rGO), S.epidermidis: 5 mm (GO), 9 mm (TP-rGO). In
contrast, the bactericidal effect of GO and TP-rGO against gram-negative bacteria was also
recorded effectively against E.coli 8 mm (GO), 14 mm (TP-rGO) than P.aeruginosa6 mm
(GO), 7 mm (TP-rGO). The bactericidal effect of TP-rGO was comparably more effective than
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GO against the bacterial isolates tested in different concentrations. Among the gram-negative
bacteria tested, E.coli showed more susceptibility than P.aeruginosa. It is evident that the
antibacterial activity of graphene-based materials may be influenced by two important material
characteristics: size and oxidation capacity. Samples with a smaller size, higher oxidation
capacity, and distortion in structural integrity by forming a gap within the membrane possess a
higher antibacterial activity [23,43]. Overall, these results illustrated that TP-rGO showed
better antibacterial activity compared to GO for both gram-positive and negative bacteria.

Gram positive bacteria Gram negative bacteria

B.subtilis S.epidermis E.coli Paeruginosa
Figure 8. Zone of inhibition Image of GO and TP-rGO nanosheets.
4. Conclusions

In this research, we successfully validated the reducing properties of Tridax
procumbens leaf extract for reduced graphene oxide synthesis. UV, XRD, FTIR, Raman, and
EDAX results confirmed the oxygen removal from the surface of GO. The layered nanosheet,
like structures with some defects, was noticed through TEM results. The DPPH results assured
the good antioxidant properties due to the synergism of phytochemicals present in Tridax
procumbens leaf extract. The in-vitro antibacterial activity results showed that TP-rGO
exhibited better biological properties against both gram-positive and negative bacteria.
Biosynthesized TP-rGO is cost-effective, green, and eco-friendly. In this regard, the green
nanomaterial, TP-rGO highlighted its promising potential to be used in biomedical
applications.
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