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Abstract: Graphene is a two-dimensional (2D) sheet of sp>-hybridized carbon atoms packed into a honeycomb lattice. Now
a days, graphene has been called a wonder material in the field of research. Since the few-layer graphene was exfoliated
from graphite, graphene and its derivatives have showed promise in domains such as materials science, physics, chemistry,
biology, and others. Graphene and its derivatives have some unique features that have prompted a lot of attention in a
variety of industries. Graphene oxide, reduced graphene oxide, graphone, graphyne, graphdiyne, and fluorographene are
all graphene derivatives. A comprehensive review of the many synthesis approaches and applications of graphene and its
derivatives has been described in this article.
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1. Introduction:

Graphene has been one of the most fascinating carbon nanomaterials since its successful separation from graphite in 2004 [1].
Andre Geim and Konstantin Novoselov's discovery of graphene in 2004 aroused a worldwide interest in the material's potential
applications [1, 2]. Graphene is made up of pure carbon atoms that are interconnected by van der Waals forces and are covalently
bonded in the same plane. Although graphene is largely made up of pure carbon, the electrochemical characteristics of its edge and
basal plane differ [2, 3]. The number of graphene-related research articles and patents has skyrocketed in the previous five years,
showing that graphene is entering a new era, and numbers are expected to continue to increase in the next years [3, 4]. As a result,
commercial-scale graphene production is expected to meet projected market demand in the near future.

There are now two types of graphene synthesis approaches: top-down and bottom-up. The top-down approach involves breaking
down the structure of a precursor, such as graphite, and then separating the interlayers to generate graphene sheets. This method
includes mechanical exfoliation, oxidation—reduction of GO, and arc discharge. Bottom-up processes like as chemical vapour
deposition, epitaxial growth, and total organic synthesis, on the other hand, synthesize graphene on a substrate employing carbon

source gas [2-5].

Figure 1 Structure of graphite
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Figure 2 Structure of graphene

Figure 1 and Figure 2 shows the structure of graphite and graphene respectively. Graphene is a two-dimensional carbon atom sheet
with sp? hybridization resulting from the mixing of the s, px, and py orbitals. Each carbon atom's remaining pz orbital produces =
bonds with three surrounding carbon atoms, known as the valence band, and a band of empty «* orbitals, known as the conduction
band [6]. Graphene is a semiconductor with a narrow band gap [7]. At ambient temperature, the electron mobility of graphene was
found to be as high as 15,000 cm?V-1s, with very little temperature dependence and no effective mass for the charge carriers [8].
Graphene is applied as a temperature sensor, a thermoelectric sensor, and a thermal biosensor in energy management systems due
to its exceptional thermal properties [9].

In order to be employed in industry, graphene must be produced at a cost that is competitive with current materials. The development
of synthesis techniques that are cost-effective, highly predictable, and scalable, as well as high product yield and quality, is a critical
concern. As a result, the following discussion of synthesis methods concentrates on these features.

2. Synthesis Approaches of Graphene and Its Derivatives:
Graphene could be synthesised using both bottom-up and top-down approaches. Figure 3 revels different synthesis approaches of
graphene.
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Figure 3 Different synthesis approaches of graphene

Any approach for producing or extracting graphene, depending on the required size, purity, and efflorescence of the individual
result, is referred to as graphene synthesis.

2.1 Chemical Vapor Deposition (CVD):

CVD is a potential technology for the cost-effective production of graphene that can create vast areas of graphene. In this method,
hydrocarbon gaseous species are fed into the reactor and pass through a hot zone, where they degrade into carbon radicals and
deposit as single layer graphene on the metal surface. During this procedure, the metal surface works as a catalyst and controls the
graphene deposition mechanism, which is important in the synthesis of pure graphene [10, 11].
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2.2 Arc Discharge Method (ADM):
Anode and cathode are submerged in a reaction chamber's gas or liquid media in the Arc discharge process. The medium dissociates
during the passage of electricity, resulting in a high-temperature plasma, which is sufficient to sublime the precursor. Due to the
use of vacuum, this approach is regarded to be costly. As a result, the use of air rather than the Ho/He medium is recommended to
lower graphene synthesis costs [12].

2.3 Liquid Phase Exfoliation (LPE):

Exfoliation of graphite produces a steady dispersion of a single layer or a few layers of graphene in this top-down process. The
primary steps in LPE are graphite dispersion in a suitable solvent, exfoliation, and purification of the final products. This process
of exfoliation requires overcoming the van der Waals forces to separate graphene layers. As a result, the choice of solvent is critical.
Surface energy, Hildebrand solubility, Hansen solubility parameters, and surface tension have all been taken into account when
choosing a solvent [13, 14].

LPE is the most common process for manufacturing large amounts of two-dimensional (2D) materials like graphene while
maintaining a reasonable balance of quality and cost, and it is now widely used in both academic and industrial settings [14].

2.4 Mechanical Exfoilation:

Mechanical energy is employed in the mechanical exfoliation procedure to break down these weak connections and separate the
individual sheets. Exfoliation is a method of obtaining graphene layers by continuously peeling graphite layers. Although the
mechanical exfoliation approach can produce monolayer to few-layer graphene, the probability of producing a comparable structure
using this method is low [15, 16].

2.5 Oxidation-Reduction:

For large-scale graphene synthesis, oxidation reduction is a popular approach. The preparation procedure can be broken down into
two parts: first, obtaining graphene oxide (GO) by combining a strong oxidant with acid-treated graphite; and second converting
GO to reduction graphene oxide (RGO) by employing chemical reduction, thermal reduction, or catalytic reduction treatment
techniques (rGO). Oxidation reduction is one of the most preferred processes for large-scale graphene preparation due to its easy
preparation conditions, which are possible in the laboratory, easily available raw ingredients, and high yield [17].

2.6 Chemical exfoliation method:

In chemical exfoliation procedure, solution dispersed graphite is exfoliated by injecting large alkali ions between the graphite layers.
Chemical synthesis is a procedure that involves synthesising graphite oxide, dispersing it in a solution, and then reducing it using
hydrazine.

Chemical synthesis is one of the most effective methods for producing graphene. Producing colloidal suspension using a chemical
process that modifies graphene from graphite and graphite intercalation compound. Exfoliation with chemicals is a two-step
procedure. To enhance interlayer space, the interlayer van der Waals forces are first reduced. As a result, graphene-intercalated
molecules are formed. After that, fast heating or sonication exfoliates graphene into single to few layers [18, 19].

3. Derivatives of graphene:
Derivatives of graphene have attracted much attention for the potential applications in various fields. Various forms of graphene
derivatives are schematically presented in figure 4.
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Figure 4 (a-f) Derivatives of grapheme
a) Graphene oxide: Graphene oxide (GO) is a remarkable physicochemical material with a small size, a large surface area,

exceptional strength in a two-dimensional structure, and intriguing physicochemical characteristics among others derivatives of
graphene. Hydrophilicity is a property of GO particles. In a wide range of concentrations, they produce stable aqueous dispersions
[20, 21].

b) Reduced Graphene oxide:

Reduced graphene oxide (rGO) is an alternate version of graphene oxide that has been processed using a variety of processes,
including chemical, thermal, and others, to reduce the quantity of oxygen in the material because oxygen makes GO more unstable.
Reducing agents or thermal treatment can be used to remove certain oxygen-based groups, resulting in rGO. The rGO is a fascinating
member of the graphene family since it is the only type, along with GO, that can be scaled up and made on a kg scale [22-24].

c) Graphone: Graphone is a half-hydrogenated graphene. The structure of graphone is illustrated as trigonal adsorption of
hydrogen atoms on graphene. Graphone has been examined in a number of studies that investigate band gap modulation,
ferromagnetism, antiferromagnetism, spin orbit coupling, structure, and thermal stability. A semi hydrogenated derivative of
graphene which they called graphone [25].

Graphone is a graphene sheet with 50% hydrogenation and stoichiometry C,H. Additionally, the hydrogen atoms are only on one
side of the carbon sheet, resulting in a mixture of hybridized sp? and sp® carbon atoms. Upon geometry relaxation, it was found that
graphone has a somewhat zigzag shape [26, 27].

d) Graphyne:

Graphynes are novel star carbon isomers made up of sp- and sp-hybrid carbon atoms with two-dimensional 2D layered in-plane
porous geometries. These unusual topological and electronic structures, as well as their high charge mobility and good electronic
transport capabilities, are the outcome of these unique qualities. The number of acetylenic chains between neighbouring benzene
rings in a graphynes unit can be given a general term of graphyne [27, 28].

e) Graphdiyne:

Graphdiyne, a two-dimensional periodic carbon allotrope, differs significantly from graphene's hybridised orbital, which contains
only single or double bonds. Graphdiyne is made up of two carbon atoms that are triple and double bound. It's a type of two self-
doped non-equivalent distorted Dirac cone material with superior electronic characteristics to graphene, according to research [28
-30].

f) Fluorographene:

Fluorographene, a two-dimensional stoichiometric graphene derivative, has piqued the scientific community's interest due to its
amazing physical and chemical properties. The electrical and optical characteristics of fluorinated graphenes are greatly affected by
the insertion of fluorine atoms into the carbon lattice and the C/F (C sp?/sp®) ratio [31].

Along with its derivatives, particularly graphene oxide (GO) and reduced graphene oxide (rGO), graphene materials have been
studied in various fields due to the presence of aromatic ring, free - «n* electron and reactive functional groups. A number of com-
prehensive reviews have documented the remarkable performance of graphene materials.
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During the oxidation process, defects, impurities, structural disorder, wrinkle, crack, fragmentation, and other structural
characteristics may arise, affecting the electrical, optical, and adsorption properties of GO. As a result, reduced graphene oxide
(rGO), a graphene derivative, can be generated from GO. To convert GO to rGO, chemical or physical reduction might be used.
During the reduction process, the oxygenous functional groups in GO are eliminated, leaving rGO with a carbon to oxygen ratio
[32].

4. Applications of Graphene and Its Derivatives:
The use of graphene and its derivatives has proliferated in a variety of fields due to their excellent versatile features. Figure 5 depicts
some of the promising areas where graphene and its derivatives are being used in pictorial form.
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Figure 5 Schematic diagram of applications of graphene and its derivatives

References:

[1] Banerjee, A.N., 2018. Graphene and its derivatives as biomedical materials: future prospects and challenges. Interface
focus, 8(3), p.20170056.

[2] Lee, X.J., Hiew, B.Y.Z,, Lai, K.C., Lee, L.Y., Gan, S., Thangalazhy-Gopakumar, S. and Rigby, S., 2019. Review on
graphene and its derivatives: Synthesis methods and potential industrial implementation. Journal of the Taiwan Institute of Chemical
Engineers, 98, pp.163-180.

[3] Sahu, D., Sutar, H., Senapati, P., Murmu, R. and Roy, D., 2021. Graphene, Graphene-Derivatives and Composites:
Fundamentals, Synthesis Approaches to Applications. Journal of Composites Science, 5(7), p.181.

[4] Santhiran, A., lyngaran, P., Abiman, P. and Kuganathan, N., 2021. Graphene Synthesis and Its Recent Advances in
Applications—A Review. C, 7(4), p.76.

[5] Zhong, Y.L., Tian, Z., Simon, G.P. and Li, D., 2015. Scalable production of graphene via wet chemistry: progress and
challenges. Materials Today, 18(2), pp.73-78.

[6] Allen, M.J., Tung, V.C. and Kaner, R.B., 2010. Honeycomb carbon: a review of graphene. Chemical reviews, 110(1),
pp.132-145.

[7] Bacon, M., Bradley, S.J. and Nann, T., 2014. Graphene quantum dots. Particle & Particle Systems Characterization, 31(4),
pp.415-428.

[8] Geim, A.K. and Novoselov, K.S., 2010. The rise of graphene. In Nanoscience and technology: a collection of reviews from
nature journals (pp. 11-19).

9] Rhee, K.Y, 2020. Electronic and thermal properties of graphene. Nanomaterials, 10(5), p.926.

[10] Zhang, Y.l., Zhang, L. and Zhou, C., 2013. Review of chemical vapor deposition of graphene and related applications.
Accounts of chemical research, 46(10), pp.2329-2339.

[11] Lee, C., Wei, X., Kysar, J.W. and Hone, J., 2008. Measurement of the elastic properties and intrinsic strength of monolayer
graphene. science, 321(5887), pp.385-388.

[12] Arora, N. and Sharma, N.N., 2014. Arc discharge synthesis of carbon nanotubes: Comprehensive review. Diamond and
related materials, 50, pp.135-150.

[13] Narayan, R. and Kim, S.0., 2015. Surfactant mediated liquid phase exfoliation of graphene. Nano Convergence, 2(1),
pp.1-19.

IJRTI2204001 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2022 IJRTI | Volume 7, Issue 4 | ISSN: 2456-3315

[14] Coleman, J.N., 2009. Liquid-phase exfoliation of nanotubes and graphene. Advanced Functional Materials, 19(23),
pp.3680-3695.

[15] Martinez, A., Fuse, K. and Yamashita, S., 2011. Mechanical exfoliation of graphene for the passive mode-locking of fiber
lasers. Applied Physics Letters, 99(12), p.121107.

[16] Hummers Jr, W.S. and Offeman, R.E., 1958. Preparation of graphitic oxide. Journal of the american chemical society,
80(6), pp.1339-1339.

[17] Zhao, X., Li, Y., Wang, J., Ouyang, Z., Li, J., Wei, G. and Su, Z., 2014. Interactive oxidation—reduction reaction for the in
situ synthesis of graphene—phenol formaldehyde composites with enhanced properties. ACS applied materials & interfaces, 6(6),
pp.4254-4263.

[18] Dikin, D.A., Stankovich, S., Zimney, E.J., Piner, R.D., Dommett, G.H., Evmenenko, G., Nguyen, S.T. and Ruoff, R.S.,
2007. Preparation and characterization of graphene oxide paper. Nature, 448(7152), pp.457-460.

[19] Chen, H., Miiller, M.B., Gilmore, K.J., Wallace, G.G. and Li, D., 2008. Mechanically strong, electrically conductive, and
biocompatible graphene paper. Advanced Materials, 20(18), pp.3557-3561.

[20] Dreyer, D.R., Park, S., Bielawski, C.W. and Ruoff, R.S., 2010. The chemistry of graphene oxide. Chemical society
reviews, 39(1), pp.228-240.

[21] Dideikin, A.T. and Vul', A.Y., 2019. Graphene oxide and derivatives: the place in graphene family. Frontiers in Physics,
6, p.149.

[22] Feng, L. and Zhang, W.X., 2012. The structure and magnetism of graphone. AIP Advances, 2(4), p.042138.

[23] Dave, S.H., Gong, C., Robertson, A.W., Warner, J.H. and Grossman, J.C., 2016. Chemistry and structure of graphene
oxide via direct imaging. ACS nano, 10(8), pp.7515-7522.

[24] Wojtoniszak, M., Chen, X., Kalenczuk, R.J., Wajda, A., Lapczuk, J., Kurzewski, M., Drozdzik, M., Chu, P.K. and
Borowiak-Palen, E., 2012. Synthesis, dispersion, and cytocompatibility of graphene oxide and reduced graphene oxide. Colloids
and Surfaces B: Biointerfaces, 89, pp.79-85.

[25] Li, H., Papadakis, R., Hussain, T., Karton, A. and Liu, J., 2020. Moiré patterns arising from bilayer graphone/graphene
superlattice. Nano Research, 13(4), pp.1060-1064.

[26] Zhou, J., Wang, Q., Sun, Q., Chen, X.S., Kawazoe, Y. and Jena, P., 2009. Ferromagnetism in semihydrogenated graphene
sheet. Nano letters, 9(11), pp.3867-3870.

[27] Peng, Q., Dearden, A.K., Crean, J., Han, L., Liu, S., Wen, X. and De, S., 2014. New materials graphyne, graphdiyne,
graphone, and graphane: review of properties, synthesis, and application in nanotechnology. Nanotechnology, science and
applications, 7, p.1.

[28] Gong, Y., Shen, L., Kang, Z., Liu, K., Du, Q., Ye, D., Zhao, H., Sun, X.A. and Zhang, J., 2020. Progress in energy-related
graphyne-based materials: advanced synthesis, functional mechanisms and applications. Journal of Materials Chemistry A, 8(41),
pp.21408-21433.

[29] Zheng, Y.P., Feng, Q., Tang, N.J. and Du, Y.W., 2018. Synthesis and photoluminescence of graphdiyne. New Carbon
Materials, 33(6), pp.516-521.

[30] Malko, D., Neiss, C. and Gorling, A., 2012. Two-dimensional materials with Dirac cones: Graphynes containing
heteroatoms. Physical Review B, 86(4), p.045443.

[31] Chronopoulos, D.D., Bakandritsos, A., Pykal, M., Zbofil, R. and Otyepka, M., 2017. Chemistry, properties, and
applications of fluorographene. Applied materials today, 9, pp.60-70.

[32] Shang, Y.U., Zhang, D., Liu, Y. and Guo, C., 2015. Preliminary comparison of different reduction methods of graphene
oxide. Bulletin of Materials Science, 38(1), pp.7-12.

[JRTI2204001 International Journal for Research Trends and Innovation (www.ijrti.org) n



http://www.ijrti.org/

