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Abstract

In this work, reduced graphene oxide is prepared using Malus pumila and Dellinea indica plant’s aqueous
extracts, via sonication method. After ultrasonication the brown colored graphene oxide (GO) gets
converted into black colored reduced graphene oxide (rGO) which indicates the successful reduction of
graphene oxide. Characterization techniques like Fourier transform infrared spectroscopy (FTIR), Field
Emission Scanning electron microscopy (FESEM), Raman spectroscopy and X-ray diffraction
spectroscopy were used to confirm the reduction process. FTIR confirms the presence of bioactive
molecules in the phyto extracts and microorganisms which are used to reduce the graphene oxide.
Raman analysis confirms the reduction of GO by observed increase in the Id/ Ig ratio. The presence of
oxygen containing groups and its removal were characterized through structural analysis. The field
emission scanning electron microscopy performed to confirm the conversion of graphene oxide into
reduced graphene oxide. The synthesized rGO were tested for antimicrobial activities and were found to
have efficient antimicrobial activity.

Introduction

Technology has revolved eversince knowing the unique properties of graphene after its invention in
2004.Graphene is the first material isolated in two dimensions(2D).[1] [2] [3] Graphene belongs to the
class of carbon materials where 2D materials made up of conjugated sp2 carbons are arranged in a
honeycomb pattern. Graphene is a monolayer of sp2 hybridized carbon atoms in honeycomb pattern. It
has unique two dimensional structure and electronic, mechanical and optical properties. [4][5] Graphene
a flexible material has excellent thermal conductivity and high electrical mobility at room temperature.
These properties of graphene make it a useful material in the fields of electronics, energy storage as well
as biological applications. [1][6] Currently most common approach for large scale production of
graphene is through chemical reduction of graphene oxide. A number of approaches are available
including chemical, electrochemical and thermal reduction [4] [7]. There are basically three approaches
to synthesize graphene: direct growth by chemical vapor deposition, mechanical exfoliation of graphite,
exfoliation of graphite oxide followed by its reduction. These approaches may be causing harm to the
environment. [7][8]. Therefore it is advisable to use methods which are environment friendly. Chemical
vapor deposition generates graphene film in a large area. Being the high temperature process it
increases cost and makes it unsuitable for direct fabrication of graphene. Mechanical cleavage is
laborious and cannot produce large graphene films. The third method of exfoliation of graphite oxide
followed by its reduction is the efficient one. But the quality of rGO depends on the reducing agents and
other experimental conditions. Various reductants used for the process are sodium borohydride,
hydrazine hydrate, dimethyl hydrazine, hydroquinone, hydroiodic acid etc. Some of these reagents are
toxic and chemical reduction may requires from few hours to few days [7][9]

In this study, we have synthesized reduced graphene oxide by using chemical, biological and microbial
pathways. Along with the method of chemical reduction using hydrazine hydrate, two microbial species
and extracts of two different fruits were used for the reduction purpose. The microbial species used are
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Ecsherichia coli, Pseudomonas aerogenos and Staphylococcus aureus and the fruits of the plants
selected were Apple fruit extract and Elephant Apple fruit extract.

Ecsherichia coli abbreviated as E coli are the bacteria found in the environment, and in the intestines of
healthy people and animals. E coli are a large and diverse group of bacteria. It is a Gram-negative,
anaerobic, coliform bacteria. Most strains of E coli are not harmful.

Pseudomonas aerogenosa is a type of bacteria that is found commonly in the environment. Out of the
many different types of Pseudomonas, the one that most infectious in human beings is called
Pseudomonas aeruginosa, which can cause infections in the blood, lungs (pneumonia), or other parts of
the body after surgery.

Apple (Pyrus malus) fruit extract
Pyrus malus is a species of apple. The fruit is a tremendous source of polyphenol antioxidants.
Elephant Apple fruits extract

Dillenia indica commonly known as Elephant Apple is a small to medium sized tree growing upto 15m
tall. Its characteristic round fruits are large greenish yellow, with multiple seeds and the fruits are edible.
The fruit pulp is sour and it is used in Indian cuisines. The extracts of fruits of above two plants is used
for the reduction of graphene oxide.

Graphite oxide has a layered structure similar to that of graphite, but between the two planes of carbon
atoms in graphite oxide are the oxygen-containing groups, which increases the interlayer distance and
also makes the atomic-thick layers hydrophilic. Ultra sonication is carried for the exfoliation of these
sheets.

When these exfoliated sheets contain only one or a few layers of carbon atoms like graphene, then these
sheets are named graphene oxide (GO). So, GO is a single-atomic-layered material made up of carbon,
hydrogen, and oxygen elements obtained by the oxidation of graphite. It is dispersible in water and easy
to process. Most importantly, the GO can be reduced to graphene-like sheets by deletion of the oxygen-
containing groups and with the recovery of a conjugated structure. The reduced GO (rGO) sheets are
usually considered one kind of chemically derived graphene and are known as rGO. Other names given to
rGO are functionalized graphene, chemically modified graphene, chemically converted graphene, or
reduced graphene.

The main important advantages of reduced graphene are: (i) it can be prepared using cheap raw material
graphite and by using cost-effective chemical methods with a high yield and (ii) it is highly hydrophilic
and forms stable aqueous dispersions.

The graphene sheet consists of only trigonally bonded sp2 carbon atoms and is perfectly flat. The
heavily oxygenated GO sheets consist partially of tetrahedral bonded sp3 carbon atoms, which are
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displaced slightly above or below the graphene plane. Graphene is a monolayer of sp2 hybridized carbon
atoms arranged in a honey comb lattice.

There are three different types of methods for the synthesis of the graphene which are:
a. growth by chemical vapor deposition,

b. mechanical exfoliation of graphite and

c. exfoliation of graphite oxide followed by its reduction.

Reduction of GO is a much more efficient, low-cost method for bulk production of graphene sheets. GO
is obtained from natural graphite powder by modified Hummers method. GO can be reduced to
graphene either by chemical methods (like exposure to pure hydrazine or sodium borohydride), or by
thermal treatment and by various other methods. Each method has its own benefits. In this study we
have discussed few methods and properties exhibited by the materials synthesized by these methods.

Numerous physical and chemical routes are available for the synthesis of graphene. The first successful
approach to get single-layer graphene sheets was mechanical cleavage of graphite [1]; however, it is
difficult to control the number of layers for peeled-off fragments, and it gives low yield so not useful for
large-scale production. Epitaxial growth of graphene layers requires high temperatures and an ultrahigh
vacuum environment, which is expensive and thus it is less used and limits the widespread application
of graphene. Chemical vapor deposition (CVD) produces large area films of 1 to ~12 graphene layers
[19][20][21][22], but a step is added to remove the Ni particles in order to obtain graphene sheets. Li et al
[23] have reported the CVD-growth of predominantly single-layer graphene with lateral sizes up to
centimeters on copper foils using methane; however, a high temperature (1000-C) and vacuum were
required for the graphene synthesis. Graphene oxide (GO) is a water soluble nanomaterial. It is
hydrophilic and molecules of water can easily intercalate between the graphite layers [24][25][26]. Three
methods are used for the synthesis of graphite oxide: Staudenmaier [27], Brodie [28] [29], Hummers-
Offeman/ (Hummers Method) [30] [31]. All these methods involve the oxidation of graphite, but differ in
the type of oxidizing agents, mineral acids used, time of preparation and the type of washing and drying
processes. Graphite oxide synthesized from Hummers method has higher interlayer distance and C/0
atomic ratio than the remaining two methods and thus it is widely used. Generally GO is insulator in
nature; but it is made conductive by exposing it to reducing agents like hydrazine hydrate, hydroiodic
acid or Sodium Boro Hydrate, through high temperature treatment or by UV assisted photo catalysis and
thermal treatment (low- temperature annealing reduction of graphite oxide). Hydrazine reduced GO
shows remarkable electrical properties. The chemical reduction of graphite oxide is one of the accepted
procedures to make reduced graphene oxide films in large scale. Here we made an attempt to synthesize
reduced graphene oxide films by oxidation of graphite to form graphite oxide followed by exfoliation and
reduction of GO.[34][35].

Materials and Methods
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Graphite powder, sodium nitrate, sulphuric acid, potassium permanganate, hydrochloric acid were
purchased from Sigma-Aldrich. The other chemicals like Sodium borohydride etc. were of analytical
grade. Whatman filter paper no 41 were used as per the requirement. Demonized water was used
wherever required.

Preparation of Microbial Broth was done by the following method

1. Add 13g of nutrient broth powder (CM0001B) in 1L of distilled water.
2. Mix and dissolve them completely.

3. Pour them into the final containers (e.g. conical flask)

4. Sterilize by autoclaving at 121°C for 15 minutes.

Preparation of Phytoextract: From Apple and elephant apple fruit

The fruit of the plant was thoroughly washed with tap water and then by deionized water. It is peeled off
with the peeler and then sliced into small pieces before grinding into the paste. 100 gm of fruit juice was
used for the reduction purpose.

Preparation of Graphene oxide

The preparation process of rGO consists of three steps: i) Oxidation or intercalation (ii) exfoliation and
(i) reduction. Firstly Graphite oxide was prepared from the graphite powder by modified Hummer's
method. A 2g of graphite powder mixed thoroughly with sodium nitrate is put into concentrated H,SO,
(46ml). KMnO, (6 g) is added gradually with stirring and cooling in an ice bath, so that the temperature of
the mixture was maintained below 20°C. The mixture again stirred at 35°C for 45 min, and distilled water
(75 ml) is added slowly which causes violent effervescence and temperature is increased to 85-90°C.
After one hour, the reaction is terminated by the addition of distilled water (100 ml) and 30% H,0,
solution (30 ml), after which the color of the suspension changes to bright yellow. The suspension is
then washed with 1:10 HCI solution (300 ml) for removal of metal ions. Then it is filtered with Whatman
filter paper using vacuum filter pump. The paste collected from the filter paper is then dried at 60°.

Chemical method of synthesis of Reduced Graphene Oxide

In the preparation of reduced graphene oxide, first graphite oxide (100 mg) is added with distilled water
in a 250 ml conical flask; this gave an inhomogeneous yellow-brown dispersion. This dispersion was
sonicated using a ultrasonication bath cleaner (150 W). Hydrazine hydrate (1 ml) was then added and
the solution was heated in the oil bath at 90°C for eight hours over which the reduced GO gradually
precipitated into a black solid. This product was isolated by filtration and dried at room temperature. The
resultant product is the reduced graphite oxide [26]. Finally for exfoliation, reduced graphite oxide was
taken in the concentration 3.5mg/ml and the suspension was subjected to ultrasonication for 30 min.

Page 5/13



Biological method of synthesis of Reduced Graphene Oxide

1gm of graphene oxide is mixed with 100 ml deionized water and ultrasonicated for one hour. 100ml of
fruit extract is added to it and ultrasonication is continued for 12 hours. After 12 hours it is filtered and
dried in oven at 60°C.

Results and Discussion

FT-IR spectra were recorded using spectrophotometer. FT-IR spectroscopy was performed to analyze the
presence of various functional groups. FT-IR spectra of graphene oxide exhibits the presence of oxygen
functionalities in graphene oxide. The peaks for these oxygen functionalities are weakened in the IR
spectra of reduced graphene oxide.

Raman Spectra

To verify the presence of graphene oxide and ensure reduction of graphene oxide Raman spectroscopy
is done. It is one of the most reliable technique and potent tool to differentiate between GO and rGO.
Raman spectrum is useful to know the defects in graphene layers and their electronic structures. Raman
analysis of graphene materials is based on formation and intensity of D and G bands. Generally D band
is formed because of breathing mode k point photons of A;; symmetry and G band is formed based on

first order scattering of E,4 photon of sp? carbon atoms. Raman spectrum of chemically synthesized GO
and rGO are shown in the diagram. For graphene oxide G and D bands are observed at 1599 and 1355
cm” ! respectively. After the reduction by the plant extract and microbes D band is observed at 1333.04,

1336.402 and 1343.50 cm-1 respectively whereas G band appeared at 1572, 1573and 1575cm™ "
respectively.

The crystalline structure of the synthesized GO and rGO are confirmed using powder XRD. Graphite
flakes show a characteristic peak of 26.6 whereas graphite on chemical oxidation peak is shifted to
10.34 which is attributed to (001) plane and revealed that graphite is completely oxidized to grapheme
oxide.

Further after sonication with plant extracts and microbes graphene oxide is reduced to reduced
graphene oxide, it gives broad peaks at 26.8, 25.5 and 27.35 respectively for treatment with E colj, S
aureus and apple extract respectively. This proves efficient reduction of graphene oxide by biological
method.

FE-SEM spectral images

FE-SEM is used to know the surface morphology of the substance. In the given images we can observe
the presence of layers which indicates that exfoliation has occurred during oxidation process and also
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during ultrasonication for reduction process. GO sheets are different than graphite by presence of vast
oxygen containing groups over the surface thus reducing the electrical conductivity. Chemically
synthesized GO is found to be much thicker because many layers are stacked one above the other. rGO
images show that reduced graphene oxide sheets are well-exfoliated and thickness much reduced than
GO. This proves that biologically active molecules present in the plant extract play important role in
elimination of oxygen functionalities from surfaces.

Antimicrobial properties (Kirby Bauer Method)

Antimicrobial activity test was performed by the commonly used Agar diffusion method which is
designed to determine the smallest amount of the antibiotic required to inhibit the growth of the
microorganisms. In a typical procedure a sterile cotton swab dipped into a culture of Test organism
suspension was taken. The entire agar surface of each plate was inoculated first in horizontal and then
in vertical direction to ensure the even distribution of the microorganism over the agar surface using the
swab. The agar surface was dried for 5 min. These Mueller—Hinton agar plates were taken and
aseptically (4-mm) holes were punched using a presterilised cork borer in the agar. Using a wax pencil,
mark the underside of the Petri dish to label the wells. With the help of micropipette test solution was
added in the well. The procedure was repeated for all wells and incubation of all plates was carried at
37°C for 24-48 hrs. in an incubator.[36]

1. Examine all the plates for the clear zone of inhibition surrounding the discs/ well.

2. Measure the diameter of zone of inhibition in mm using a ruler on the underside of the plate. Record
the zone size. (KR Aneja.)

Following strains of microbial species were used.

1. Ec: - Escherichia coli(NCIM2065) 2. Pm: - Proteus mirabilis(NCIM2388)
2. Sa: - Staphylococcus aureus (NCIM2178) 4. Bs: - Bacillus subtilis (NCIM2063)

5. Ca:- Candida albicans (NCIM 310) 6. An: - Aspergillus niger (ATCC504)

Conclusion

In the present study, graphene oxide (GO) was successfully synthesized from graphite flakes using
modified Hummers method and its further reduction is carried out biologically using plant extracts of the
fruits of the plants apple and elephant apple and microorganisms to obtain reduced graphene oxide
(rGO). This biological reduction method exemplified to be an eco-friendly, cost-effective, and sustainable
alternative to traditional chemical reduction methods. Characterization studies confirmed the successful
synthesis of graphene oxide and its reduction. FT-IR analysis revealed the significant decrease in
percentage of oxygen-containing functional groups in the product, indicating its effective deoxygenation.
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Raman spectroscopy confirmed the structural transformation from GO to rGO through characteristic
shifts in D and G bands and Id/ Ig ratio 2D and 2G peaks, whereas XRD analysis demonstrated structure
after biological reduction. FE-SEM images showed well-exfoliated, thin, and wrinkled graphene sheets,
confirming effective ex-foliation, reduction and improved morphology of rGO. The antimicrobial studies
proved that both GO and biologically reduced graphene oxide exhibit inhibitory activity for various
bacterial and fungal strains including Escherichia coli, Proteus mirabilis, Staphylococcus aureus, Bacillus
subtilis, Candida albicans, and Aspergillus niger. Among the synthesized materials, biologically reduced
graphene oxide samples showed comparatively enhanced antimicrobial activity, indicating that
biological reduction improves the functional properties of graphene-based materials. The antimicrobial
effect is found to be concentration dependent and is may be due to membrane disruption, oxidative
stress, or surface interaction of graphene sheets with microbial cells.

To summarize, the study establishes that biological synthesis of reduced graphene oxide using plant
extracts and microorganisms is an efficient, environmentally benign approach. The synthesized rGO
exhibit promising structural, morphological, and antimicrobial properties, indicating its potential
applications in biomedical materials, antimicrobial coatings, water purification, other nanotechnology-
based applications and sensors. Further investigations on large-scale synthesis will enhance its
applicability in advanced electronics fields.

Declarations

Conflict of Interests:

On behalf of all authors, the corresponding author states that there is no any financial and non-financial
conflict of interest.

Author Contribution

Dr S Waghmode made substantial contribution for conceptualization and interpretation andrevised
manuscripts.Dr S Gadade assisted in the characterization of materials synthesized, its interpretation and
draft writing.Dr N Patil assisted in antimicrobial activities of all synthesized materials and its
interpreation and draft writing.Dr D Butala carried all experimental work, analysis; drafted the work,
approved the version to be published.All authors contibuted towards submission of the article.

Acknowledgement

| acknowledge the T R ingale lab, S P College for providing the infrastructure . | am thankful to CIF, SPPU,
Pune for the characterization facilities. | acknowledge RUSA for the funding available as seed money. |
thank Bhide foundation for making the microbial strains available.

Page 8/13



Data Availability

No datasets were generated or analyzed during the current study. The data related with study is provided
in the supporting materials or can be made available on requests.

References

1.

10.

11

12.

Hanane A O, Ibtissam Charti, Said Sair, Said Mansouri, Younes Abboud, Abdeslam El Bouari. Green
and low-cost approach for graphene oxide reduction using natural plant extracts. Materials Today:
Proceedings. (2020).

. Shobha Waghmode, Deepali Butala. Graphene foam: Next generation Graphene Analogue. Research

Journal of Chemistry and Environment. (2020) 24, 8.

. Mohamed Achache, Dounia Bouchta, Khalid Draoui, Mohamed Choukairi. Synthesis,

physicochemical and electrochemical characterization of graphene oxide nanosheets obtained
through improved and modified Hummers methods. Inorganic Chemistry Comunications 2025,
114120. 174, 2.

. Xiaoguang Mei, Jianyong Ouyang (2011) Uitrasonication-assisted ultrafast reduction of graphene

oxide by zinc powder at room temperature. SciVerse Science Direct Carbon 49, 5389-5397.

. Mangrove synthesized bio-nanomaterial and its applications: A review. Supriya Vaish, Bhawana

Pathak Environmental Nanotechnology, Monitoring & Management, 2023
https://doi.org/10.1016/j.enmm.2023.100866

. Shobha Waghmode, Deepali Butala, Jadhav Ajay Mohan. (2021) Metal Quantum Dots. Research and

Reviews in Biotechnology and Biosciences. 8, 2.

. Gongming Wang, Fang Qian, C W Saltikov, Y Jiao, Yat Li. Microbial reduction of grapheme oxide by

Shewanella. Nano Research, (2011). 4(6): 563-570

. S. Priyadharshini, Arun Thirumurugan, N. Chidhambaram Compendium of citrus-mediated

nanoparticles and nanocomposites: Recent advances and perspectives for biomedical and
environmental applications. Inorganic Chemistry Comunications. 2026, 189. 116639

. Koffi Sossou, Alfred O. Mayabi, Charles K. Cheruiyot, Zeraebruk Negusse Kahsay Adsorptive

nanomaterials for multi-contaminant removal from water. Environmental Nanotechnology,
Monitoring & Management 2026, 101140https://doi.org/10.1016/j.enmm.2026.101140

Hongbin Feng, Rui Cheng, Xin Zhao, Xiangfeng Duan, Jinghong Li. A low temperature method to
produce highly reduced graphene oxide. Nature Communications (2013).

. KK H De Silva, H H Huang, R K Joshi, M Yoshimura. Chemical reduction of graphene oxide using

green reductants. Carbon (2017)119, 190-199.

Environmental remediation using nanomaterial as adsorbents for emerging. Dennis Mwanza Nzilu,
Edwin Shigwenya Madivoli, David sujee Makhanu , Brian Victor Otenda, Patrick Gachoki Kareru,

Page 9/13



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pius kinoti Kairigo , Tuula Tuhkanen Environmental Nanotechnology, Monitoring & Management,
2023. https://doi.org/10.1016/j.enmm.2023.100789

Shobha Waghmode, Deepali Butala, Mane Viren Vijay. Carbon Quantum Dots. Research and Reviews
in Biotechnology and Biosciences. (2021) 8, 2.

P Punniyakotti, R Aruliah, S Angaiah. Facile Synthesis of reduced graphene oxide using Acalypha
indica and Raphanus sativus extracts and their in vitro cytotoxicity activity against human breast
(MCF-7) and lung. (2021)

R Chuah, S C B Gopinath, Periasamy Anbu, M N Salimi, A R W Yaakub, Thangavel Lakshmipriya.
Synthesis and characterization of reduced graphene oxide using the aqueous extract of Eclipta
prostrata. 3 biotech (2020) 10:364.

Priyadarshani Rajput, Swarnendra Banerjee, Vicky Anand, Vishnu D. Rajput, Saglara Mandzhieva,
Pankaj Kumar Srivastava, Tatiana Minkina. Critical evaluation of nanoparticles and biochar in
microplastics remediation in soil. Environmental Nanotechnology, Monitoring & Management 2026,
101140 https://doi.org/10.1016/j.enmm.2026.101142

Kaline Wonderley, Amanda Latie, Gabriel Cardeso, Anderso Madeiro, Caroline, Romulo C. Dutra,
Paulo Suare. Graphene Oxide and a GO/Zn0O nanocomposite AS Catalyst for Epoxy Ring Opening of
Epoxidised Fatty Acids Methyl Esters. Brazilian Journal of Chemical Engineering. 36, 3, 1165-71

R.P. Reshma, N.S. Abhishek, K. Naik Gopalakrishna Synthesis and characterization of graphene
oxide, tin oxide, and reduced graphene oxide-tin oxide nanocomposites. Inorganic Chemistry
Comunications 2024, 112451, 165.

Manas Roy, Tejas Sanjeev Kusurkar, Sandeep Kumar Maurya, Sunil Kumar Meena, Sushil Kumar
Singh, Niroj Sethy, Kalpana Bhargava, Raj Kishore Sharma, Debabrata Goswami Sabyasachi Sarkar,
Mainak Das. 2Graphene oxide from silk cocoon: a novel magnetic fluorophore for multi-photon
imaging. 3 Biotech (2014) 4:67-75 DOI 10.1007/s13205-013-0128-2

Sushma Sharafat, Mumtaz Cheema, Shegufta Shetranjiwalla, Muhammad Ismail , M.I. Khan, Sher
Bahadar Khan, Rabia Javed, Muhammad Noman Khan. Biosynthesis of silver nanocatalyst and its
application for the efficient hydrogenation of nitroarenes. Inorganic Chemistry Comunications.
2024,159

Gurjaspreet Singh, Sanjay Sharma, Akshpreet Singh , Sofia Gupta, Jyoti, Mohit, Harshbir Kaur,
Ankush Sheoran, Shweta Rana. Graphene oxide functionalized with silatrane as probe for
electrochemical recognition of acetaminophen in pharmaceuticals tablets. Inorganic Chemistry
Comunications 2024, 113253, 170.

Khushnudbek Eshchanov, Makhliyo Ibragjmova, Bazar Ibadullaev. Studying the Synthesis of
Graphene Oxide in Ammonium Carbonate Solution. Nanochem Res 9(3): 235-241, Summer 2024.
Li, Y., Li, Z., Li, Q. et al. Direct Synthesis of Graphene Dendrites on Si02/Si Substrates by Chemical
Vapor Deposition. Nanoscale Res Lett 15, 16 (2020). https://doi.org/10.1186/s11671-020-3245-y
Chung Kiang Chua, Martin Pumera. Chemical reduction of graphene oxide: A synthetic chemistry
viewpoint. Chem Soc Rev, (2014). 43, 291-312.

Page 10/13



25.

26.

27.

28.

29.

30.

S Waghmode, D P Butala. (2024). Graphene from Solid Waste Materials for Water Purification. The
2-Dimensional World of Graphene, 43-45.

Sweta Bhardwaj, Rajni Garg, Parvinder Singh, Rishav Garg, Ravinesh Mishra, Nnabuk Okon Eddy
Advances in silver nanoparticle synthesis: Strategies, mechanistic insights, and functional
applications. Inorganic Chemistry Comunications 2026, 189, 116736

Staudenmaier, L. (1898) Verfahren zur Darstellung der Graphitsaure. Berichte der Deutschen
Chemischen Gesellschaft, 31, 1481-1487. https://doi.org/10.1002/cber.18980310237

B.C. Brodie Sur le poids atomique du graphite Annales de Chimie et de Physique, 59 (1860), pp. 466-
472

A T Habte, D W Ayele. Synthesis and Characterization of reduced graphene oxide started from
graphene oxide using the Tour method with different Parameters. Adv. in Mat Sci. and Engg. (2019)

W.S. Hummers, R.E. Offeman. Preparation of graphitic oxide J. Am. Chem. Soc., 80 (1958)

31. Dilpreet Singh, Akshay Kumar, Pooja A. Chawla, Viney Chawla Green nanomaterials from renewable
Biomass: Sustainable Synthesis, environmental Applications, and Life-Cycle implications.
Environmental Nanotechnology, Monitoring & Management 2026, 101146
https://doi.org/10.1016/j.enmm.2026.101146

32. Gao, W. (2015). The Chemistry of Graphene Oxide. In: GAO, W. (eds) Graphene Oxide. Springer, ham.
https://doi.org/10.1007/978-3-319-15500-5_3.

33. Hayato Otsuka, Katsumi Kaneto. (2024) Ever-changing nature of graphene oxide. Materials, Springer
Nature. https://go.nature.com/42SrFYS&nbsp;

34. Zhen Nada Sami Ahmed, Orchidah Azizi, Arik EI-Boher, John Gahl, and Sangho Bok. Facile Synthesis
and Characterization of Reduced Graphene Oxide Produced with Green and Conventional
Reductants. (2018). ECS Journal of Solid State Science and Technology.

35. Dmitriy A. Dikin, Sasha Stankovich (2007) Preparation and characterization of graphene oxide paper.
Nature Letters, 448. DOI: 10.1038/nature06016.

36. Ref. Experiments in Microbiology, Plant Pathology and Biotechnology K.R. Aneja New age
International Publishers.

Tables

Tables 1 to 5 are available in the supplementary files section

Figures

Page 11/13



a) 55 Raman Spectra b. S6 Raman Spectra
1343.5 1% 10b00 1336.4 2,
10000 0, 21on3 02, | 8501.0
5030. :
25000 1 5800 2467 14
5 2 0
E 0+ o o:ro:orororororow g |
T 2O oo g fE NrundoowadOusws
SS8SREAIIRI NOSSaaaNminan
— M = = = =N . e = o= O O st 00 ono=r
- SNNEBRRZERERG
Raman Shift cm-1 SR8 ~ Rdrhar $pdcia ™ O

Figure 1

Raman Spectra of (a) reduced graphene oxide prepared by reduction using phytoextract (b) Reduced
graphene oxide prepared by microorganisms
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Figure 2

XRD spectrum of reduced graphene oxide prepared by (a) phytoextract (b) microorganisms
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Figure 3

FE-SEM of reduced graphene oxide produced by (a) phytoextract (b) microorganisms
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