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ABSTRACT. Since graphene is expensive and relatively difficult to 

produce, significant efforts have been made to develop effective and 

inexpensive methods for creating and utilizing graphene [1], 

derivatives, or related materials. Graphene oxide (GO) is one such 

material. It consists of a single layer of atoms produced through the 

strong oxidation of cheap and abundant graphite. GO is an oxidized 

form of graphene containing oxygen-functional groups. Due to its 

ability to disperse in water and other solvents, GO is easy to process 

and can even serve as a precursor for graphene production. 

Although GO is not a good conductor, various processes can 

enhance its properties. GO is typically synthesized as a powder, in 

dispersion, or substrate coating. There are four primary methods 

for synthesizing GO: Staudenmaier, Hofmann, Brodie, and 

Hummers, with many variations available and ongoing 

improvements aimed at achieving better results and more cost-

effective processes. The efficiency of the oxidation process is 

typically evaluated by the carbon-to-oxygen ratio of GO. In this 

study, graphene oxide was synthesized from graphite using a 

modified Hummers method. In this modification, an ice bath and 

sodium nitrate (NaNO3) were omitted, and the synthesis was 

conducted at room temperature. FT-IR, RAMAN, XRD, SEM, and 

EDS analyses were performed for characterization, yielding results 

consistent with findings reported in the literature. 
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1. INTRODUCTION 

 
Graphene oxide (GO) has been studied for over 150 years [1]. Originally 

called graphite oxide, it was first synthesized in 1859 by Benjamin 

Brodie, an Oxford University chemist, by exfoliating graphite flakes 

using potassium chlorate and fuming nitric acid [2]. In 1957, William 

Hummers and Richard Offeman enhanced this synthesis method, 

creating what is now known as the Hummers method, which sped up 

and improved safety by using sulfuric acid, sodium nitrate, and 

potassium permanganate [1, 2]. The Hummers method is still widely 

used today, with various modifications to address environmental and 

safety concerns [2]. A modified Hummers method is often employed to 

synthesize GO from graphite by treating it with strong oxidants like 

potassium permanganate, hydrogen peroxide, sulfuric acid, and 

hydrochloric acid [3]. This chemical process separates graphite into 

single or multiple atomic layers, expands the interlayer structure, and 

introduces functional groups [4]. The nature and amount of oxygen-

containing functional groups make GO hydrophilic, allowing it to 

dissolve in water [5]. The synthesis of GO, originally known as graphite 

oxide, involves reacting graphite with strong oxidants, typically 

potassium permanganate and sulfuric acid. The resulting product is 

then rinsed and centrifuged until the pH is neutral, followed by freeze-

drying to maintain its solubility [6]. In some cases, manufacturers use 

dialysis to purify GO. However, contamination with alkali salt 

byproducts during synthesis makes GO highly flammable due to salt-

catalyzed carbon combustion [5, 6]. There are four common methods for 

synthesizing GO: Staudenmaier, Hofmann, Brodie, and Hummers. 

Variations of these methods, such as the Tur method (a modified 

Hummers method), exist [7]. Current research focuses on refining 

synthesis techniques for improved quality, lower environmental impact, 

and cost reduction [8, 9]. Due to oxidation, GO’s electronic properties 

differ from those of pristine graphene (e.g., CVD or epitaxial graphene) 

as structural defects interrupt its sp² bonding networks. GO’s 

conductivity can be improved by thinning it or combining it with more 

conductive materials, making it advantageous for practical applications 

[10].  
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The optical properties of GO make it an optically transparent material. 

While not fully transparent, GO films less than five layers thick can 

achieve over 90% optical transparency, with each additional graphene 

layer reducing transparency by about 2%. Transparent conductive inks 

and films can be created by combining GO with carbon nanotubes or 

silver nanowires [11]. Graphene's superior thermal properties have 

spurred interest in its use for thermal management applications. 

Single-layer graphene exhibits high thermal conductivity, but the 

addition of even one more layer significantly reduces this property. The 

interlayer spacing plays a crucial role in thermal conductivity, with both 

the number of layers and the space between them affecting the overall 

heat transfer [12]. Studies show that GO’s thermal conductivity is 

closely related to oxygen group presence. At an oxygen content of 0.5%, 

GO's thermal conductivity is approximately 50% lower than that of 

pristine graphene. As the oxygen content increases, thermal 

conductivity decreases, with the lowest recorded thermal conductivity 

for GO being about 8.8 W/mK, lower than the theoretical minimum of 

11.6 W/mK [13]. This suggests that thermal transport in GO can be 

tailored by controlling its oxidation and reduction levels [14]. The 

mechanical properties of GO are substantially lower than those of 

pristine graphene. A monolayer of GO has an effective Young’s modulus 

ranging from about 207.6 to 23.4 GPa (assuming a thickness of 0.7 nm), 

significantly lower than pristine graphene’s Young’s modulus, reported 

around 1.0 TPa, with an ultimate fracture strength near 1.0 TPa [15, 

16]. Graphene oxide (GO) has a wide range of applications, including 

catalysis, drug delivery, solar energy, batteries, scaffolds, water 

desalination, and many other fields [17, 19] . Its high solubility and 

ability to be reduced make GO well-suited for solution processing, 

making it a highly desirable nanomaterial. GO also addresses the 

dispersion challenges often seen with other carbon-based materials like 

carbon nanotubes [18]. GO has been used as a foundational material in 

electronic device fabrication [20]. Additionally, studies have shown that 

GO exhibits good biocompatibility, making it promising for drug 

delivery. Unlike other carbon nanomaterials such as carbon nanotubes 

(CNTs), GO does not cause oxidative stress as its synthesis does not use 

metal catalysts, thus avoiding metal impurities. The functional groups 

on GO’s surface allow it to interact effectively with a variety of organic 

and inorganic molecules through covalent, non-covalent (π-π stacking or 

hydrophobic interactions), and/or ionic interactions [21]. These 

properties further enhance its potential for drug delivery applications 

[22]. 
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2. MATERIALS AND METHODS 

 
2.1 Materials 

 

Natural graphite flakes (−100 mesh, 99.9% Sigma-Aldrich), H2SO4 (95-

97%, Sigma-Aldrich), H3PO4 (85%, Sigma-Aldrich), KMnO4 (>%99, 

Sigma-Aldrich), H2O2 (35%, Sigma-Aldrich), HCl (37%, Sigma-Aldrich) 

chemicals were used in the experiments. Deionized water was provided 

using the Millipore Simplicity ultrapure water system. 

 

2.2 Methods 

2.2.1 Synthesis of Graphene Oxide by Modified Hummers Method  
 

GO synthesis was performed using the modified Hummers method [6]. 

An acidic mixture was prepared by combining 108 mL of sulfuric acid 

(H₂SO₄) with phosphoric acid (H₃PO₄) in a volume ratio of 9:1 at room 

temperature, utilizing a magnetic stirrer. Subsequently, 1 g of graphite 

powder was added to this mixture, and the mixing process continued for 

5 minutes. Following this, 5.28 g of potassium permanganate (KMnO₄) 

was gradually introduced to the suspension. At this stage, the 

suspension appeared black, indicating the initiation of the reaction. 

Next, 2.70 mL of hydrogen peroxide (H₂O₂) was added dropwise to the 

mixture and thoroughly mixed. This addition triggered an exothermic 

reaction, after which the mixture was allowed to cool. Once cooled, a 

mixture of 25% hydrochloric acid (HCl) and deionized water was added 

to the suspension. The resulting mixture was then filtered using a 

vacuum filtration system. Filtration was done using nitrocellulose 

membrane and washed several times with a hydrochloric acid and 

deionized water solution. Following washing, the mixture was 

centrifuged using a Mini Centrifuge - D1008 model - at 7,000 rpm. 

Finally, the prepared samples were dried in an oven at 80 °C for 

approximately 48 hours, resulting in graphene oxide being obtained in 

powder form. 
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2.3. Graphene Oxide Characterization 

                2.3.1. Fourier Transform Infrared Spectroscopy (FT-IR) 

 
FT-IR is a chemical analytical method that measures the wavenumber 

against the infrared intensity of light using the mathematical Fourier 

transform. This method is based on the absorption of infrared radiation 

by intramolecular bonds, which occurs due to the vibrational and 

rotational movements of these bonds. Infrared radiation is absorbed as 

a result of molecular vibrations. By utilizing this technique, one can 

characterize the bonding of graphene oxide (GO) molecules and identify 

functional groups within the structures of organic compounds, assess 

the state of bonds, determine bonding sites, and ascertain whether the 

structure is aromatic or aliphatic. In this study, a Perkin Elmer 

Spectrum Two device with a spectral range of 8300 to 350 cm⁻¹ was 

employed for the analysis of GO. Powdered GO was analyzed by 

pelleting it with potassium bromide (KBr). 

 
2.3.2. Raman Spectroscopy 

 
The foundation of Raman spectroscopy is Raman scattering. This 

technique is a crucial spectroscopic method used for both qualitative 

and quantitative analysis of inorganic and organic systems. It is rapid, 

straightforward, and can be applied without damaging the sample. 

Raman spectroscopy is complementary to infrared (IR) spectroscopy, 

allowing for the detection of weak vibrations that may not be observable 

in IR. In this study, a Renishaw inVia Raman Microscope equipped with 

532 nm and 735 nm lasers was employed for the characterization of 

graphene oxide (GO). 
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2.3.3. X-Ray Diffraction Analysis (XRD)
 

XRD method is based on the principle that each crystal phase diffracts X-

rays in a characteristic manner, depending on its unique atomic 

arrangement. In standard qualitative XRD analyses, samples are examined 

within a 2-70 degree range using nickel-filtered copper X-ray tube devices, 

and the resulting X-ray diffractograms are interpreted according to ASTM 

standards. In this study, a Panalytical Empyrian device was utilized for the 

analysis of graphene oxide (GO). This device enabled the observation of 

phase changes in the crystal structure under atmospheric, vacuum, and 

inert gas conditions at temperatures up to 1200 °C. 

 
     2.3.4. SEM and EDS Analysis 
 

In this study, a JEOL JSM 5600 device was utilized for the analysis of the 

morphology, chemical composition, and topography of graphene oxide (GO). 

The topography, morphology, shape, size, and compositional structures 

were examined. Additionally, gold coating was applied using a Leica EM 

ACE600 coater prior to scanning electron microscopy (SEM) imaging, thus 

preparing the sample for SEM analysis. Energy-dispersive X-ray 

spectroscopy (EDS) was performed following the SEM imaging to determine 

the components present in the structure. 
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3. RESULT AND DISCUSSION 

                
The degree of oxidation in graphene oxide (GO) varies based on the 

method employed, reaction conditions, and the properties of the 

graphite used. GO contains various amounts of carbon, oxygen, and 

hydrogen and functional groups such as epoxy, hydroxyl, carbonyl, and 

carboxyl [23]. Compared to known production methods reported in the 

literature, the Hummers method releases fewer toxic and hazardous 

gases and allows for the synthesis of larger quantities of GO at a lower 

cost [24]. In this study, the reaction began with 1 g of graphite powder, 

resulting in the production of 3.37 g of GO powder. This increase in 

weight indicates the formation of functional groups within the graphite 

structure. 

 
3.1. FT-IR 

 
Graphene oxide (GO), with its numerous functional groups, exhibits rich 

and complex FT-IR spectra [2]. The FT-IR spectra for GO are shown in 

Figure 1. Previous studies have reported varying interpretations of the FT-

IR spectra of GO [6, 26, 27]. Functional groups such as O-H, C-OH, COOH, 

and C-O were identified in the FT-IR spectrum of GO [25]. The peaks 

between 2500 cm⁻¹ and 3500 cm⁻¹ correspond to the stretching modes of 

carboxyl O-H bonds, which arise from alcohols and water molecules 

incorporated into the GO structure; the peak around 3300 cm⁻¹ reflects this 

[28]. Significant peaks at 2960 cm⁻¹ and 2874 cm⁻¹ are attributed to CH₂ 
symmetric and asymmetric bands, indicating the presence of unoxidized 

C=C bonds in graphite, which appear in the band at 1585 cm⁻¹ [26, 29]. 

Additionally, peaks near 1250 cm⁻¹ indicate the absorption of epoxy rings. 

Other notable absorption bands in the fingerprint region are observed at 

approximately 1351 cm⁻¹ and 1452 cm⁻¹, which correspond to the bending 

modes of alcohol groups and the deformation modes of O-H in hydrogen 

bonds to heteroatoms of hydroxyl, epoxy, or sulfate groups, respectively. 

The most intense band in the fingerprint region is reported between 1039 

cm⁻¹ and 1060 cm⁻¹, with its shift attributed to structural differences in GO 

samples [26, 27, 30].  
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Figure 1. FT-IR spectra of GO. 

 
 

3.2. Raman Spectroscopy 

 
Raman analysis is a rapid, non-destructive technique used to 

examine structural changes in materials. In the Raman 

spectrum, the G and D peaks hold significant meaning. The G 

peak corresponds to the regular structures within the carbon 

framework, while the D peak indicates irregularities and defects 

in the carbon structure, which arise from oxidation [33]. Raman 

analysis of graphene oxide (GO) synthesized via the modified 

Hummers method was conducted. The spectra of the samples 

are presented in Figure 2. In the Raman spectrum, the D peak 

of GO appears at 1176 cm⁻¹, while the G peak is observed at 

1588 cm⁻¹, consistent with the literature. The intensity of the D 

peak reflects the presence of irregular structures, whereas the 

intensity of the G peak indicates the presence of regular 

structures [31, 32]. The intensity ratio between the G and D 

bands provides an indication of the degree of graphitization. As 

shown in Figure 2, the intensity ratio (ID/IG) for GO is 0.74, 

likely due to the increased disordered structure caused by 

oxygen functional groups introduced during the oxidation of 

graphite [34, 35].  
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Figure 2. Raman spectra of GO. 

 
3.3. X-Ray Diffraction Analysis (XRD) 

 
XRD analyses for graphite and graphene oxide (GO) are presented in 

Figure 3. A sharp characteristic peak is observed at 2θ = 26.66° in the 

XRD pattern of the graphite sample, while a sharp characteristic peak 

at 2θ = 10.97° is noted for GO. The XRD values for graphite and GO are 

in close agreement with those reported in the literature [36, 37]. 

 
 

 
 

Figure 3. X-ray diffraction patterns of graphite (a) and GO (b). 
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3.4. SEM and EDS Analysis 

 
Images of graphite and graphene oxide (GO) were obtained using a 

scanning electron microscope (SEM). The SEM images for graphite are 

shown in Figure 4, while those for GO are presented in Figure 5. 

Additionally, the amounts of carbon and oxygen elements and the 

carbon/oxygen ratio determined by the energy-dispersive X-ray 

spectroscopy (EDS) integrated into the SEM are provided in Figure 6 for 

graphite and Figure 7 for graphene oxide. The SEM images indicate that 

the graphite structure has fragmented and separated into smaller, more 

transparent GO structures as a result of the modified Hummers method. 

The images of GO reveal a layered, wrinkled surface with randomly 

distributed thin layers that are similar in appearance [38, 39]. EDS 

analysis showed that the carbon (C) ratio in the graphite structure was 

100%, while in GO, it was 71.58%. The oxygen (O) ratio in GO was 

determined to be 28.42%. 

 
 

 

Figure 4. SEM images of graphite powder. 
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Figure 5. SEM images of GO. 

 
 

 
 
 

Figure 6. EDS analysis of graphite powder. 
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Figure 7. EDS analysis of GO.
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4. CONCLUSION 

 
In this study, graphene oxide (GO) was synthesized from graphite 

powder using a modified Hummers method. Unlike the traditional 

modified Hummers method, this study did not employ an ice bath and 

sodium nitrate (NaNO₃), suggesting that NaNO3 does not have a 

significant impact on the process. The results indicate that NaNO3 is 

not essential for synthesizing graphene oxide. There are several 

important advantages to not using NaNO3 in graphene oxide synthesis, 

the most important of which is its positive aspects in terms of 

environmental impact. NaNO3 can release nitrogen dioxide (NO2) and 

other nitrogen-based compounds as by-products, which are harmful to 

the environment and contribute to air pollution. Excluding NaNO3 

minimizes the generation of these toxic gases, making the process more 

eco-friendly. Another advantage of not using NaNO3 is that it is a safer 

experiment. The presence of NaNO3 can increase the risk of 

uncontrolled exothermic reactions, as it reacts with sulfuric acid and 

potassium permanganate to produce potentially hazardous 

intermediates. By avoiding NaNO3, the reaction is generally safer, with 

fewer toxic fumes released, making it easier to handle in laboratory 

settings. Another advantage of not using NaNO3 is the reduced cost of 

experimentation. Simplifying the process by reducing the number of 

chemicals can also lower operational costs. Consequently, GO 

synthesized without NaNO3 exhibited the same characteristic 

properties, confirmed through FT-IR, Raman spectroscopy, XRD, SEM, 

and EDS analyses.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SYNTHESIS AND CHARACTERIZATION OF GRAPHENE OXIDE USING MODIFIED HUMMERS                                    

                                                                              METHOD 

32 
 

 
Acknowledgment. The authors express their gratitude to the 

anonymous reviewers for their insightful comments and suggestions, 

which helped enhance the paper. They also extend their sincere thanks 

to the journal's editor. 

 

Author Contribution Statement Mahdi Ahanibarough—Conducted the 

experiments, created the graphs, performed the analysis, interpreted 

the results, and drafted the manuscript. Sabriye Perçin Özkorucuklu—

Responsible for planning, reviewing, and editing the manuscript. 

 

Declaration of Competing Interest The authors declare that the research 

was conducted in the absence of any commercial or financial relationships 

that could be construed as a potential conflict of interest. 

 

REFERENCES 
 
 

[1] Tiwari, S. K., Mishra, R. K., Ha, S. K., Huczko, A., Evolution of graphene 

oxide and graphene: from imagination to industrialization, 

ChemNanoMat 4 (2018), 598-620. 

[2]  Brisebois, P., Siaj, M., Harvesting graphene oxide–years 1859 to 2019: a 

review of its structure, synthesis, properties and exfoliation, Journal of 
Materials Chemistry C 8 (2020), 1517-1547. 

[3]  Shahriary, L., Athawale, A. A., Graphene oxide synthesized by using 

modified hummers approach, International Journal of Renewable 
Energy and Environmental Engineering 2 (2014), 58-63. 

[4]  Kumar, P., Penta, S., Mahapatra, S. P., Mahapatra, Dielectric 

properties of graphene oxide synthesized by modified hummers’ method 

from graphite powder, Integrated Ferroelectrics 202 (2019), 41-51. 

[5]  Song, J., Wang, X., Chang, C.-T., Chang, Preparation and 

characterization of graphene oxide, Journal of Nanomaterials (2014), 

276143. 

[6]  Zaaba, N., Foo, K., Hashim, U., Tan, S., Liu, W.-W., Voon, C., Synthesis 

of graphene oxide using modified hummers method: solvent influence, 

Procedia Engineering 184 (2017), 469-477. 

[7]  Madurani, K. A., Suprapto, S., Machrita, N. I., Bahar, S. L., Illiya, W., 

Kurniawan, F., Progress in graphene synthesis and its application: 

history, challenge and the future outlook for research and industry, ECS 

Journal of Solid State Science and Technology 9 (2020), 093013.  

[8]  Farjadian, F., Abbaspour, S., Sadatlu, M. A. A., Mirkiani, S., Ghasemi, 

A., Hoseini‐Ghahfarokhi, M., Mozaffari, N., Karimi, M., Hamblin, M. R., 

Recent developments in graphene and graphene oxide: Properties, 

synthesis, and modifications: A review, ChemistrySelect 5 (2020), 

10200-10219. 

 

 

 

 

 

 

 

 

 

 

 

 



M. AHANIBAROUGH, S. PERÇİN ÖZKORUCUKLU 33  

[9]  Gutiérrez-Cruz, A., Ruiz-Hernández, A. R., Vega-Clemente, J. F., Luna-

Gazcón, D. G., Campos-Delgado, J., A review of top-down and bottom-up 

synthesis methods for the production of graphene, graphene oxide and 

reduced graphene oxide, Journal of Materials Science 57 (2022), 14543-

14578. 

[10]  Gomez, C. V., Robalino, E., Haro, D., Tene, T., Escudero, P., Haro, A., 

Orbe, J., Structural and electronic properties of graphene oxide for 

different degree of oxidation, Materials Today: Proceedings 3 (2016), 

796-802. 

[11]  Schöche, S., Hong, N., Khorasaninejad, M., Ambrosio, A., Orabona, E., 

Maddalena, P., Capasso, F., Optical properties of graphene oxide and 

reduced graphene oxide determined by spectroscopic ellipsometry, 

Applied Surface Science 421 (2017), 778-782. 

[12]  Aradhana, R., Mohanty, S., Nayak, S. K., Comparison of mechanical, 

electrical and thermal properties in graphene oxide and reduced 

graphene oxide filled epoxy nanocomposite adhesives, Polymer 141 

(2018), 109-123. 

[13]  Mu, X., Wu, X., Zhang, T., Go, D. B., Luo, T., Thermal transport in 

graphene oxide–from ballistic extreme to amorphous limit, Scientific 
Reports 4 (2014), 3909. 

[14]  Mahanta, N. K., Abramson, A. R., Thermal conductivity of graphene 

and graphene oxide nanoplatelets, 13th intersociety conference on 

thermal and thermomechanical phenomena in electronic systems 

(2012), 1-6. 

[15]  Abdullah, S. I., Ansari, M., Mechanical properties of graphene oxide 

(GO)/epoxy composites, Hbrc Journal 11 (2015), 151-156. 

[16]  Suk, J. W., Piner, R. D., An, J., Ruoff, R. S., Mechanical properties of 

monolayer graphene oxide, ACS Nano 4 (2010), 6557-6564. 

[17]  Jiříčková, A., Jankovský, O., Sofer, Z., Sedmidubský, D., Synthesis and 

applications of graphene oxide, Materials 15 (2022), 920. 

[18]  Konios, D., Stylianakis, M. M., Stratakis, E., Kymakis, E., Dispersion 

behaviour of graphene oxide and reduced graphene oxide, Journal of 
Colloid and Interface Science 430 (2014), 108-112.  

[19]  Chung, C., Kim, Y.-K., Shin, D., Ryoo, S.-R., Hong, B. H., Min, D.-H., 

Biomedical applications of graphene and graphene oxide, Accounts of 
Chemical Research 46 (2013), 2211-2224. 

[20]  Wan, X., Huang, Y., Chen, Y., Focusing on energy and optoelectronic 

applications: a journey for graphene and graphene oxide at large scale, 

Accounts of Chemical Research 45 (2012), 598-607.  

[21]  Kiew, S. F., Kiew, L. V., Lee, H. B., Imae, T., Chung, L. Y., Assessing 

biocompatibility of graphene oxide-based nanocarriers: A review, 

Journal of Controlled Release 226 (2016), 217-228. 

[22]  Liu, J., Cui, L., Losic, D., Graphene and graphene oxide as new 

nanocarriers for drug delivery applications, Acta Biomaterialia 9 (2013), 

9243-9257. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SYNTHESIS AND CHARACTERIZATION OF GRAPHENE OXIDE USING MODIFIED HUMMERS                                    

                                                                              METHOD 

34 
 

 

[23]  Botas, C., Álvarez, P., Blanco, P., Granda, M., Blanco, C., Santamaría, 

R., Romasanta, L. J., Verdejo, R., López-Manchado, M. A., Menéndez, 

R., Graphene materials with different structures prepared from the 

same graphite by the Hummers and Brodie methods, Carbon 65 (2013), 

156-164. 

[24]  Chen, J., Yao, B., Li, C., Shi, G., An improved Hummers method for eco-

friendly synthesis of graphene oxide, Carbon 64 (2013), 225-229. 

[25]  Minitha, C. R., Rajendrakumar, R. T., Synthesis and characterization of 

reduced graphene oxide, Advanced Materials Research 678 (2013), 56-

60. 

[26]  Chaiyakun, S., Witit-Anun, N., Nuntawong, N., Chindaudom, P., Oaew, 

S., Kedkeaw, C., Limsuwan, P., Preparation and characterization of 

graphene oxide nanosheets, Procedia Engineering 32 (2012), 759-764. 

[27]  Surekha, G., Krishnaiah, K. V., Ravi, N., Suvarna, R. P., FTIR, Raman 

and XRD analysis of graphene oxide films prepared by modified 

Hummers method, Journal of Physics: Conference Series, IOP 
Publishing 1495 (2020), 012012. 

[28]  Emiru, T. F., Ayele, D. W., Controlled synthesis, characterization and 

reduction of graphene oxide: A convenient method for large scale 

production, Egyptian Journal of Basic and Applied Sciences 4 (2017), 

74-79. 

[29]  Loryuenyong, V., Totepvimarn, K., Eimburanapravat, P., Boonchompoo, 

W., Buasri, A., Preparation and characterization of reduced graphene 

oxide sheets via water‐based exfoliation and reduction methods, 

Advances in Materials Science and Engineering 2013 (2013), 923403.  

[30] Bera, M., Gupta, P., Maji, P. K., Facile one-pot synthesis of graphene 

oxide by sonication assisted mechanochemical approach and its surface 

chemistry, Journal of Nanoscience and Nanotechnology (2018), 902-912. 

[31]  Zólyomi, V., Koltai, J., Kürti, J., Resonance Raman spectroscopy of 

graphite and graphene, Physica Status Solidi (b) 248 (2011), 2435-2444. 

[32]  Kudin, K. N., Ozbas, B., Schniepp, H. C., Prud'Homme, R. K., Aksay, I. 

A., Car, R., Raman spectra of graphite oxide and functionalized 

graphene sheets, Nano letters 8 (2008), 36-41. 

[33]  Lyon, L. A., Keating, C. D., Fox, A. P., Baker, B. E., He, L., Nicewarner, 

S. R., Mulvaney, S. P., Natan, M. J., Raman spectroscopy, Analytical 
Chemistry 70 (1998), 341-362.  

[34]  Mokhtar, M., El Enein, S. A., Hassaan, M., Morsy, M., Khalil, M., 

Thermally reduced graphene oxide: synthesis, structural and electrical 

properties, International Journal of Nanoparticles and Nanotechnology 

3 (2017), 8. 

[35]  Kim, S.-G., Park, O.-K., Lee, J. H., Ku, B.-C., Layer-by-layer assembled 

graphene oxide films and barrier properties of thermally reduced 

graphene oxide membranes, Carbon letters (2013), 247-250. 

[36]  Faiz, M. A., Azurahanim, C. C., Raba'ah, S. A., Ruzniza, M. Z., Low cost 

and green approach in the reduction of graphene oxide (GO) using palm 

oil leaves extract for potential in industrial applications, Results in 
Physics 16 (2020), 102954. 

 

 

 

 

 

 

 

 

 

 

 

 



M. AHANIBAROUGH, S. PERÇİN ÖZKORUCUKLU 35  

 

 

[37]  Siddarth, R. K., Manopriya, M., Swathi, G., Vijayvenkataraman, G., 

Aranganayagam, K., One step synthesis of reduced and moringa 

oleifera treated graphene oxide: characterization and antibacterial 

studies, Proceedings of the International Conference on Nanomedicine, 

Springer, (2019), 54-62. 

[38]  Wilson, N. R., Pandey, P. A., Beanland, R., Rourke, J., Lupo, U., 

Rowlands, G., Römer, R. A., On the structure and topography of free-

standing chemically modified graphene, New Journal of Physics 12 

(2010), 125010. 

[39]  Wilson, N. R., Pandey, P. A., Beanland, R., Young, R. J., Kinloch, I. A., 

Gong, L., Liu, Z., Suenaga, K., Rourke, J. P., York, S. J., Graphene 

oxide: structural analysis and application as a highly transparent 

support for electron microscopy, ACS Nano 3 (2009), 2547-2556. 

 


