
Volume 11 Issue 5                                              @ 2025 IJIRCT | ISSN: 2454-5988 

IJIRCT2509004 International Journal of Innovative Research and Creative Technology (www.ijirct.org) 1 

 

Review on: Synthesis Approaches, Applications 

and Future Prospective of Graphene Oxide 
 

Shital Sanjay Kanaskar1, Hemant Deo2,  

Madhukar S. Zambare3, N. M. Kulkarni4 

 

Department of Electronic Science and Research Centre 

Fergusson College 

Pune – 411 004 Maharashtra, India 

Corresponding author- skanaskar288@gmail.com 

 

Abstract: 

Graphene oxide (GO) is a versatile material with a broad range of applications. Now a days, GO has 

garnered significant attention due to its unique properties. Graphene oxide's unique properties, 

including high surface area, electrical conductivity, and mechanical strength, enable its use in a wide 

range of applications. This review summarizes the synthesis methods and applications of GO, 

highlighting its potential across various fields in short. Graphene oxide is primarily synthesized through 

the oxidation of graphite. Hummers' Method, Modified Hummers' Method, Chemical Vapor 

Deposition (CVD), Electrochemical Methods and Ultrasonic Exfoliation these are the common 

approaches used for synthesis of nanoparticles of GO. The choice of synthesis approach significantly 

influences the properties of GO, such as the degree of oxidation, layer number, and functional group 

composition, which in turn affects its performance in various applications. The synthesis and 

application of graphene oxide present a rapidly evolving field with significant implications for 

technology and industry. Ongoing research aims to refine synthesis methods and explore new 

applications, particularly in sustainable and environmentally friendly technologies. 
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1. INTRODUCTION: 

Graphene oxide (GO) is generally an insulator due to the disruption of the π-conjugated system by oxygen 

groups. However, it can exhibit semiconducting properties depending on the degree of oxidation and the 

specific functional groups present [1, 2]. By reducing GO (removing some oxygen groups), it can be partially 

converted back to rGO, which has restored conductivity but still maintains some of the functional groups that 

contribute to its unique properties [2, 3]. GO is an oxidized form of graphene, which consists of a single layer 

of carbon atoms arranged in a hexagonal lattice [4]. Unlike pristine graphene, which is purely carbon, 

graphene oxide contains various oxygen-containing functional groups, such as hydroxyl, epoxide, carbonyl, 

and carboxyl groups. These oxygen groups are introduced during the oxidation process, which alters the 

electronic properties of graphene, making GO an insulator or a semiconductor rather than a conductor [3-5]. 

GO is of great interest due to its unique combination of properties, which are influenced by the presence of 

oxygen functional groups. It can be easily dispersed in water and other polar solvents, allowing it to be 

processed into various forms, such as films, coatings, and composites. Because of its special set of 

characteristics, which are impacted by the existence of oxygen functional groups, GO is quite interesting. It 

may be treated into a variety of forms, including films, coatings, and composite materials, because it is freely 

soluble in water as well as polar solvents. Because of the presence of oxygen groups, GO is made up of several 

layers of graphene with a greater interlayer gap than graphite [5, 6]. The facile intercalation of molecules and 

ions made possible by this structure is advantageous for uses such as preserving energy. Functional groups 

can find places for flaws in the graphene lattice caused by the oxidation process. Regions of sp³ hybridization 

are produced by these flaws, which upset the sp² hybridized carbon network in the GO.  Graphene oxide is a 

unique material that combines the mechanical strength of graphene with the versatility provided by its oxygen 

functional groups [7-9]. Its tunable properties, ease of processing, and compatibility with various materials 
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make it an attractive candidate for a wide range of applications, from electronics and energy storage to 

biomedicine and environmental remediation. Hence the aim of the present review articles is to elaborate the 

synthesis approaches, applications and future perspectives of graphene oxide.  

 

2. SYNTHESIS APPROACHES OF GRAPHENE OXIDE: 

The development of more refined and sustainable synthesis methods for graphene oxide is likely to be a 

critical area of focus. Traditional methods, while effective, often involve the use of hazardous chemicals and 

energy-intensive processes. Future advancements are expected to emphasize green chemistry approaches, 

minimizing environmental impact while improving scalability and cost-effectiveness [9, 10]. Techniques such 

as biological reduction and plasma-assisted synthesis will likely gain prominence, offering safer and more 

controllable production of GO with tailored properties. 

 

GO is synthesized primarily through the oxidation of graphite, typically using strong oxidizing agents such 

as potassium permanganate (KMnO4) or a mixture of concentrated acids [usually sulfuric acid (H2SO4) and 

nitric acid (HNO3)]. This process, known as the Hummers method, is one of the most common approaches. 

In this method, graphite is first treated with an oxidizing agent (KMnO4), which leads to the formation of 

graphite oxide [11, 12]. Subsequent treatment with acids causes the exfoliation of the graphite layers and the 

formation of individual GO sheets suspended in the acidic solution. Another approach involves the use of a 

modified Hummers method, where the oxidation process is controlled to produce GO with specific properties. 

This method often includes variations in the concentration of oxidizing agents or the addition of other 

chemicals to modify the oxidation process and improve the yield or quality of GO produced [13, 14]. These 

modifications can also affect the functional groups present on the GO sheets, which are crucial for subsequent 

applications. In addition to the Hummers method, there are alternative methods for synthesizing GO, such as 

the Staudenmaier method and the Brodie method [15]. The Staudenmaier method involves the use of a mixture 

of concentrated nitric acid and sulfuric acid, along with potassium chlorate (KClO3) as an oxidizing agent. 

This method can produce GO with different oxygen content and structural characteristics compared to the 

Hummers method [16-18]. The Brodie method, on the other hand, uses a mixture of potassium chlorate and 

fuming nitric acid, offering another route to produce GO with specific properties. The choice of synthesis 

method for graphene oxide depends on the desired properties of the material and the intended applications. 

Each method has its advantages and disadvantages in terms of scalability, cost, environmental impact, and the 

quality of the graphene oxide produced [19, 20]. Advances in graphene oxide synthesis continue to explore 

new methods and modifications to improve efficiency and tailor the material's properties for various 

technological applications. Fig. 1 shows the synthesis approaches of graphene oxide [21-26]. 

 

 
Figure 1: Synthesis approaches of graphene oxide 
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3. APPLICATIONS OF GRAPHENE OXIDE: 

Graphene oxide's exceptional mechanical, electrical, and chemical properties make it suitable for a wide range 

of applications. In the field of energy storage, GO is widely used in the development of advanced batteries 

and supercapacitors. Its high surface area and excellent electrical conductivity enhance the performance of 

electrodes, leading to devices with higher capacity and faster charge-discharge rates [26-29]. The ability of 

GO to act as a barrier material is exploited in membranes for water purification and gas separation. The 

oxygenated functional groups on GO provide active sites for interaction with contaminants, making it an 

effective material for removing heavy metals, organic pollutants, and pathogens from water. In the biomedical 

field, GO’s biocompatibility and ease of functionalization make it an excellent candidate for drug delivery 

systems, biosensors, and tissue engineering [30, 31]. Its ability to be dispersed in biological environments and 

loaded with drugs allows for targeted therapy with minimal side effects. GO is also being explored for cancer 

treatment, where it can be used for photothermal therapy, where GO absorbs near-infrared light and converts 

it to heat to destroy cancer cells [32, 33]. Recent trends in graphene oxide research focus on enhancing its 

properties for specific applications. For instance, researchers are exploring ways to reduce graphene oxide to 

obtain reduced graphene oxide (rGO) with improved electrical conductivity while retaining some oxygen 

functional groups [34, 35]. This balance is crucial for applications in flexible electronics, where both 

conductivity and mechanical flexibility are essential. In addition, hybrid materials combining GO with other 

nanomaterials, such as metal nanoparticles or polymers, are being developed to create composites with 

enhanced properties for use in sensors, catalysis, and energy storage. In the realm of biomedical applications, 

GO is being integrated into advanced drug delivery systems and biosensors that can detect diseases at an early 

stage [36-39]. The focus is on improving the biocompatibility and targeting efficiency of GO-based systems 

to minimize side effects and enhance therapeutic outcomes. The antibacterial properties of GO are being 

leveraged to develop coatings and materials that can prevent infections, especially in medical devices and 

implants. It is a versatile material with applications in many fields due to its unique properties. GO enhances 

the performance of supercapacitors and batteries. As a sensor material, GO enables sensitive detection of 

gases and biomolecules [40, 41]. GO is effective for water purification and pollutant removal.  GO is applied 

in drug delivery, antibacterial coatings, and bioimaging. It is also used in flexible devices and transparent 

conductive films. In composites, GO improves mechanical strength, thermal stability, and lightweight 

characteristics. These applications highlight importance of GO in advancing modern technologies [42]. 

Different applications of GO are reveal in Fig. 2. 

 

 
Figure 2: Applications of graphene oxide 
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4. FUTURE PROSPECTIVE OF GRAPHENE OXIDE: 

The future of graphene oxide research is promising. GO is positioned at the forefront of materials science, 

with its potential extending across numerous sectors, including electronics, energy, biomedicine, and 

environmental engineering. As the scientific community continues to explore and refine the applications and 

synthesis techniques of GO. The ability to functionalize graphene oxide with various chemical groups or 

integrate it into hybrid materials will drive its application in more specialized fields [43-49]. Functionalization 

is improve the solubility, compatibility, and reactivity of GO, making it a more versatile component in 

composite materials. Hybrid materials combining GO with polymers, metals, or other nanomaterials are 

expected to deliver enhanced mechanical, thermal, and electrical properties. These materials could play 

pivotal roles in the next generation of flexible electronics, advanced composites, and multifunctional coatings 

[49].  

 

Few of prospectives of GO are discussed in this section [49-55]- 

1. Biomedical innovations: in the biomedical domain, the future of graphene oxide is particularly 

promising. GO’s biocompatibility, combined with its ability to be functionalized with various molecules, 

makes it a strong candidate for applications in targeted drug delivery, gene therapy, and tissue 

engineering. Research efforts are likely to focus on the development of GO-based platforms that can 

deliver therapeutic agents with high precision, reducing side effects and improving treatment outcomes. 

Moreover, the integration of GO into biosensors and diagnostic tools is expected to lead to breakthroughs 

in early disease detection and personalized medicine. 

2. Energy storage and conversion: as the global demand for efficient energy storage and conversion 

technologies increases, graphene oxide is poised to play a significant role. Its incorporation into lithium-

ion batteries, supercapacitors, and solar cells could lead to devices with higher energy densities, faster 

charge/discharge rates, and longer lifespans. Future research will likely focus on optimizing the 

performance of GO in these applications by improving its electrical conductivity through partial reduction 

or by developing novel composites that leverage the synergistic properties of GO and other nanomaterials. 

3. Environmental applications: graphene oxide’s capacity for environmental remediation is another area 

with considerable future potential. GO-based materials can be engineered to remove pollutants from air 

and water, including heavy metals, organic contaminants, and particulates. The future may see the 

development of go-enabled filtration systems that are more efficient, cost-effective, and capable of 

addressing a broader range of environmental challenges. Additionally, the potential use of go in carbon 

capture and storage technologies could contribute to global efforts in mitigating climate change. 

4. Scalable production: continued development of environmentally friendly and cost-effective synthesis 

methods is crucial for the commercial viability of GO. 

5. Functionalization techniques: advancements in chemical functionalization will enable the tailoring of 

GO properties for specific applications, enhancing its versatility. 

6. Integration in advanced technologies: GO's potential in emerging fields such as nanotechnology, 

energy conversion, and biomedicine will drive further research and development. 

7. Regulatory and safety considerations: as GO applications expand, addressing safety and environmental 

concerns will be essential to ensure sustainable development and public acceptance. As the applications 

of graphene oxide expand, regulatory and safety considerations will become increasingly important. 

Ensuring the safe production, handling, and disposal of GO will be critical to its widespread adoption. 

Future research will need to address the potential environmental and health impacts of GO, particularly 

in the context of large-scale manufacturing and usage. The development of comprehensive safety 

guidelines and regulatory frameworks will be essential to manage the risks associated with this advanced 

material. 

 

CONCLUSIONS: 

The future of graphene oxide is characterized by its potential to revolutionize multiple industries through the 

development of novel applications and advanced synthesis techniques. While challenges remain, particularly 

in terms of scalability and safety, the ongoing research and innovation in this field suggest that graphene oxide 

will continue to be a material of immense importance in addressing some of the most pressing technological 

and environmental issues of our time. The ongoing research and development efforts in graphene oxide are 
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expanding its applicability across various industries, driving innovations that could lead to more efficient, 

sustainable, and advanced technologies in the near future. 

 

Acknowledgement: 

Author thanks to Head of Department of Electronic Science and research centre, Fergusson College, Pune – 

411 004, Maharashtra, India for providing computer with internet facility for present review work.  

 

REFERENCES: 

1. Dreyer, D.R., Park, S., Bielawski, C.W. & Ruoff, R.S., 2010. The chemistry of graphene oxide. 

Chemical Society Reviews, 39(1), pp.228–240. 

2. Marcano, D.C., Kosynkin, D.V., Berlin, J.M., Sinitskii, A., Sun, Z., Slesarev, A., Alemany, L.B., Lu, 

W. & Tour, J.M., 2010. Improved synthesis of graphene oxide. ACS Nano, 4(8), pp.4806–4814. 

3. Zhu, Y., Murali, S., Cai, W., Li, X., Suk, J.W., Potts, J.R. & Ruoff, R.S., 2010. Graphene and graphene 

oxide: synthesis, properties, and applications. Advanced Materials, 22(35), pp.3906–3924. 

4. Park, S. & Ruoff, R.S., 2009. Chemical methods for the production of graphenes. Nature 

Nanotechnology, 4(4), pp.217–224. 

5. Compton, O.C. & Nguyen, S.T., 2010. Graphene oxide, highly reduced graphene oxide, and graphene: 

versatile building blocks for carbon-based materials. Small, 6(6), pp.711–723. 

6. Eda, G. & Chhowalla, M., 2010. Chemically derived graphene oxide: towards large-area thin-film 

electronics. Advanced Materials, 22(22), pp.2392–2415. 

7. Li, D., Müller, M.B., Gilje, S., Kaner, R.B. & Wallace, G.G., 2008. Processable aqueous dispersions 

of graphene nanosheets. Nature Nanotechnology, 3(2), pp.101–105. 

8. Novoselov, K.S., Geim, A.K., Morozov, S.V., Jiang, D., Zhang, Y., Dubonos, S.V., Grigorieva, I.V. 

& Firsov, A.A., 2004. Electric field effect in atomically thin carbon films. Science, 306(5696), pp.666–

669. 

9. Pei, S. & Cheng, H.-M., 2012. The reduction of graphene oxide. Carbon, 50(9), pp.3210–3228. 

10. Chen, D., Feng, H. & Li, J., 2012. Graphene oxide: preparation, functionalization and electrochemical 

applications. Chemical Reviews, 112(11), pp.6027–6053. 

11. Li, X., Wang, X., Zhang, L., Lee, S. & Dai, H., 2008. Chemically derived, ultrasmooth graphene 

nanoribbon semiconductors. Science, 319(5867), pp.1229–1232. 

12. Bagri, A., Mattevi, C., Acik, M., Chabal, Y.J., Chhowalla, M. & Shenoy, V.B., 2010. Structural 

evolution during the reduction of chemically derived graphene oxide. Nature Chemistry, 2(7), pp.581–

587. 

13. Boukhvalov, D.W. & Katsnelson, M.I., 2008. Modeling of graphite oxide. Journal of the American 

Chemical Society, 130(32), pp.10697–10701. 

14. Stankovich, S., Dikin, D.A., Dommett, G.H., Kohlhaas, K.M., Zimney, E.J., Stach, E.A., Piner, R.D., 

Nguyen, S.T. & Ruoff, R.S., 2006. Graphene-based composite materials. Nature, 442(7100), pp.282–

286. 

15. Si, Y. & Samulski, E.T., 2008. Synthesis of water-soluble graphene. Nano Letters, 8(6), pp.1679–

1682. 

16. Fernandez-Merino, M.J., Guardia, L., Paredes, J.I., Villar-Rodil, S., Solis-Fernandez, P., Martinez-

Alonso, A. & Tascon, J.M.D., 2010. Vitamin C is an ideal substitute for hydrazine in the reduction of 

graphene oxide suspensions. Journal of Physical Chemistry C, 114(14), pp.6426–6432. 

17. Pei, S., Wei, Q., Huang, K., Cheng, H.-M. & Ren, W., 2018. Green reduction methods for graphene 

oxide: progress and prospects. Nature Reviews Materials, 3, 18002. 

18. Li, J.-L., Zong, C., Pan, Y., Sun, X., Sun, C., Zhu, Y., Ji, H., Liu, X., Sun, L. & Wang, K., 2013. A 

review of graphene oxide: Synthesis, properties, and applications. Journal of Materials Chemistry A, 

1(23), pp. 7054–7076. (review article) 

19. Nair, R.R., Wu, H.A., Jayaram, P.N., Grigorieva, I.V. & Geim, A.K., 2012. Unimpeded permeation 

of water through helium-leak–tight graphene-based membranes. Science, 335(6067), pp.442–444. 

20. Joshi, R.K., Carbone, P., Wang, F.-C., Kravets, V.G., Su, Y., Grigorieva, I.V., Wu, H.A., Geim, A.K. 

& Nair, R.R., 2014. Precise and ultrafast molecular sieving through graphene oxide membranes. 

Science, 343(6172), pp.752–754. 



Volume 11 Issue 5                                              @ 2025 IJIRCT | ISSN: 2454-5988 

IJIRCT2509004 International Journal of Innovative Research and Creative Technology (www.ijirct.org) 6 

 

21. Mi, B., 2014. Graphene oxide membranes for ionic and molecular sieving. Science, 343(6172), 

pp.740–742. 

22. Huang, X., Yin, Z., Wu, S., Qi, X., He, Q., Zhang, Q. & Yan, Q., 2011. Graphene-based materials: 

synthesis, characterization, properties, and applications. Small, 7(14), pp.1876–1902. 

23. He, G., Suk, J.W., Colby, R., Li, D., Zhang, H. & Ruoff, R.S., 2013. Graphene oxide membranes for 

ionic sieving. Nature Nanotechnology, 8(10), pp.701–705. 

24. Wang, G., Wang, B., Park, J., Yang, J., Shen, X. & Xia, X., 2009. Facile synthesis and characterization 

of graphene nanosheets. Journal of Physical Chemistry C, 113(10), pp. 4357–4361. 

25. Robinson, J.T., Perkins, F.K., Snow, E.S., Wei, Z. & Sheehan, P.E., 2008. Reduced graphene oxide 

molecular sensors. Nano Letters, 8(10), pp.3137–3140. 

26. Schedin, F., Geim, A.K., Morozov, S.V., Hill, E.W., Blake, P., Katsnelson, M.I. & Novoselov, K.S., 

2007. Detection of individual gas molecules adsorbed on graphene. Nature Materials, 6(9), pp.652–

655. 

27. Bai, H., Li, C. & Shi, G., 2011. Functional graphene oxide for electronics and energy storage. 

Advanced Materials, 23(9), pp.1089–1115. 

28. Huang, X., Zhang, F., Liu, Z., Ma, Y., Zhang, Y. & Yang, H., 2011. Graphene-based composite 

materials for energy storage and conversion. Journal of Materials Chemistry, 21(10), pp. 3047–3060. 

29. El-Kady, M.F. & Kaner, R.B., 2013. Scalable fabrication of high-power graphene micro-

supercapacitors. Nature Communications, 4, 1475. 

30. Yoo, E., Kim, J., Hosono, E., Zhou, H.S., Kudo, T. & Honma, I., 2008. Large reversible Li storage in 

graphene. Nano Letters, 8(8), pp.2277–2282. 

31. Wang, D.-W., Li, F., Liu, M., Lu, G.Q. & Cheng, H.-M., 2012. 3D aperiodic hierarchical porous 

graphitic carbon materials for high-rate electrochemical capacitive energy storage. Chemical Society 

Reviews, 41(2), pp. 797–828. 

32. Goenka, S., Sant, V. & Sant, S., 2014. Graphene-based nanomaterials for drug delivery and tissue 

engineering. Journal of Controlled Release, 173, pp.75–88. 

33. Liu, Z., Robinson, J.T., Sun, X. & Dai, H., 2008. PEGylated nanographene oxide for delivery of water-

insoluble cancer drugs. Journal of the American Chemical Society, 130(33), pp.10876–10877. 

34. Seabra, A.B., Paula, A.J., de Lima, R., Alves, O.L. & Durán, N., 2014. Nanotoxicity of graphene and 

graphene oxide. Chemical Research in Toxicology, 27(2), pp.159–168. 

35. Hu, W., Peng, C., Luo, W., Lv, M., Li, X., Li, D., Huang, Q. & Fan, C., 2010. Graphene-based 

antibacterial paper. ACS Nano, 4(7), pp.4317–4323. 

36. Bai, H. & Shi, G., 2012. Gas sensors based on graphene materials. Sensors and Actuators B: Chemical, 

166-167, pp. 190–210. 

37. Zhou, M., Wang, Y. & Zhai, Y., 2011. Electrocatalysis and sensors based on graphene/graphene oxide. 

Electrochimica Acta, 56(11), pp.3451–3473. 

38. Kuila, T., Bose, S., Khanra, P., Mishra, A.K., Kim, N.H. & Lee, J.H., 2012. Chemical functionalization 

of graphene and its applications. Progress in Materials Science, 57(7), pp.1061–1105. 

39. Chua, C.K. & Pumera, M., 2014. Chemical reduction of graphene oxide: a synthetic chemistry 

viewpoint. Chemical Society Reviews, 43(1), pp.291–312. 

40. Dreyer, D.R., Jarvis, K.A., Ferreira, P.J. & Bielawski, C.W., 2011. Synthesis and reactivity of graphite 

oxide. Macromolecular Chemistry and Physics, 212(13), pp.1416–1424. 

41. Tang, L., Wang, Y., Li, Y., Feng, H. & Lu, J., 2012. Bottom-up synthesis of graphene oxide 

nanoribbons via oxidative cutting of carbon nanotubes. Chemical Communications, 48(27), pp. 3444–

3446. 

42. Sun, X., Liu, Z., Welsher, K., Robinson, J.T., Goodwin, A., Zaric, S. & Dai, H., 2008. Nano-graphene 

oxide for cellular imaging and drug delivery. Nano Research, 1(3), pp.203–212. 

43. Li, N., Zhang, Q., Gao, S., Song, Q., Huang, R., Wang, L., Liu, L., Dai, J., Tang, M. & Cheng, G., 

2013. Three-dimensional graphene foam as a monolith catalyst support for catalytic applications. ACS 

Nano, 7(7), pp. 5954–5960. 

44. Paredes, J.I., Villar-Rodil, S., Martinez-Alonso, A. & Tascon, J.M.D., 2008. Graphene oxide 

dispersions in organic solvents. Langmuir, 24(19), pp.10560–10564. 



Volume 11 Issue 5                                              @ 2025 IJIRCT | ISSN: 2454-5988 

IJIRCT2509004 International Journal of Innovative Research and Creative Technology (www.ijirct.org) 7 

 

45. Li, Y., Tang, L. & Li, J., 2012. Research progress in graphene oxide based composites. Journal of 

Inorganic Materials, 27(1), pp.1–15. 

46. Zhang, Y., Ali, S.F., Dervishi, E., Xu, Y., Li, Z., Casciano, D. & Biris, A.S., 2010. Cytotoxicity effects 

of graphene and single-wall carbon nanotubes in neural cells. Nano Letters, 10(4), pp. 1429–1435. 

47. Novoselov, K.S., Geim, A.K., Morozov, S.V., Jiang, D., Katsnelson, M.I., Grigorieva, I.V., Dubonos, 

S.V. & Firsov, A.A., 2005. Two-dimensional gas of massless Dirac fermions in graphene. Nature, 

438(7065), pp.197–200. 

48. Yang, K., Zhang, S., Zhang, G., Sun, X., Lee, S.T. & Liu, Z., 2008. Graphene in mice: biodistribution 

and toxicity studies. Small, 8(9), pp.1364–1370. (in vivo biodistribution study using GO derivatives) 

49. Zhao, X., Zhang, Y., Sun, X. & Fan, C., 2013. Graphene oxide based biosensors: a review. Analytical 

and Bioanalytical Chemistry, 405(8), pp.2549–2562. 

50. Samori, P., 2016. Graphene oxide chemistry: tunable properties and new emerging applications. 

Accounts of Chemical Research, 49(6), pp. 718–727. 

51. Kuila, T., Kim, N.H., Khanra, P., Kim, N.H. & Lee, J.H., 2013. Advances in graphene-based sensing 

devices. Materials Today, 16(11), pp. 221–231. 

52. Zhang, J., Zhao, Y., Xie, Y. & Wei, T., 2014. Graphene-based electrochemical sensors. Biosensors 

and Bioelectronics, 54, pp. 520–531. 

53. Novoselov, K.S., 2012. Nobel lecture: graphene: materials in the flatland. Reviews of Modern Physics, 

84(3), pp. 837–852. 

54. Sun, H., Wu, L., Wei, W. & Qu, X., 2013. Recent advances in graphene-based drug delivery systems. 

International Journal of Nanomedicine, 8, pp. 1645–1654. 

55. Zhang, L., Xia, Z., Zhao, Q., Liu, L. & Zhang, Z., 2010. Functional graphene oxide as a nanocarrier 

for controlled loading and targeted delivery of mixed anticancer drugs. Small, 6(4), pp.537–544. 

 

 


