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Abstract: Graphene is a two-dimensional carbon atom with a hexagonal honeycomb-like structure 

in which the sp2 hybridization occurs. GO sheets are highly oxidized and have oxygen-containing 

groups. Properties of electronics, mechanicals, magnetics, and optics, Oxidized Methods for Bro-

dies, Staudenmaier, Hofmann, Hummers, Improved Hummers, and Tour's Methods Reduction of 

Graphene oxide methods Chemical Reduction using sodium borohydride, 2,4-dinitrophenylhydra-

zine, Hydrazine hydrate, Thermal Reduction, Hydrothermal Reduction, Exfoliation Reduction, Cat-

alytic Reduction, and the green synthesis route for reduction, The reduction of graphene oxide has 

a wide range of applications, including its use in energy storage devices for Solar cells, Supercapac-

itors, LIG-based sensors, River Water sensors, Battery, hydrovoltaic generators, OLED Screen, and 

Graphene Shielding. This review will determine the future of a few applications. 

Keywords: graphene oxide; reduced graphene oxide; 2D-material; hexagonal honeycomb-like 

structure; sp2 hybridization 

 

1. Introduction 

The two-dimensional monolayer of carbon atoms known as graphene has a hexagonal honey-

comb-like structure, sp2 hybridized carbon bonds, and a p bond that generates a network of decen-

tralized electrons that is both responsible for electron conduction and weakly interacts with other 

graphene layers or a substrate. In the various techniques that can be utilized for graphene and its 

derivatives [1,2], The weak van der Waals connections between the layers of graphite allow for me-

chanical exfoliation to create graphene. The multifunctional graphene-based nanomaterials (GBNs), 

including graphene oxide (GO) and reduced graphene oxide (rGO), are easily created through vari-

ous surface modifications and have found extensive usage in a variety of sectors, including physics, 

medicine, and electronics [37]. To comprehend the timeline of graphene research, graphene as the 

limit of graphite with the fewest value of layers. In this sense, the extraordinary properties of honey-

comb carbon are nothing new. These same qualities have recently made graphite, the more expensive 

but similarly structured compound hexagonal boron, a promising material for use as a dry lubricant. 

It has proven to possess numerous desirable qualities, including mechanical strength, electrical con-

ductivity, molecular barrier capabilities, and other outstanding characteristics [36]. Strongly oxidized 

GO sheets are a distinct group of groups that include oxygen. Properties of electronics[3], mechani-

cals[4], magnetics[5], and optics[5], Oxidized Methods for Brodies[6], Staudenmaier[7], Hofmann[8], 

Hummers[9], Improved Hummers[10,11], and Tour's Methods[12,13] Reduction of Graphene oxide 

methods Chemical Reduction using sodium borohydride[14], 2,4-dinitrophenylhydrazine[15], Hy-

drazine hydrate[10], Thermal Reduction[16], Hydrothermal Reduction[17], Exfoliation Reduction 

[18], Catalytic Reduction[15], and the green synthesis route for reduction[19,20]. The morphology 

and sample appearance of the material are characterized by X-ray diffraction (XRD)[18]. Fourier 

transform infrared (FTIR) [21], UV-visible [22], energy dispersive X-ray (EDX)[23], X-ray photoelec-

tron spectroscopy (XPS)[24], Raman spectroscopy[10], scanning electron microscopy (SEM), [10] tran-

sition electron microscope (TEM)[24], vibrating sample magnetometer (VSM)[25], and 
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thermogravimetric analysis (TGA)[26], respectively. The reduction of graphene oxide has a wide 

range of applications, including its use in energy storage devices for Solar cells [27], Supercapacitors 

[28], LIG-based sensors [29], River Water sensors [30], Batteries[31], hydrovoltaic generators[32], 

OLED Screen[33], Graphene Shielding[34,35]. This review will determine the future of a few applica-

tions. Though there are methods to improve its characteristics, graphene oxide is not a good conduc-

tor of electricity. The industrial-scale economic analysis showed that, following execution, the tech-

nique would be viable. A use for graphene and its derivatives has been investigated, including energy 

generation and storage, optical devices, electronic devices, photonic devices, drug delivery, clean en-

ergy, and chemical and biosensors. Reduced graphene oxide using a unique synthesis method was 

developed and described in this research. 

2. Graphene Property 

2.1. Electronic Property 

The monolayer Metal oxide is a direct bandgap semiconductor at the K point with a band gap 

of 1.75 eV, has no noticeable bandgap, and establishes as a metallic character with the p band and p* 

band crossing at the Dirac point at the hexagonal bend of the graphene's Brillouin zone. The partial 

density of states can provide in free-standing graphene, the half-filled 2pz orbitals of carbon atoms 

perpendicular to the planar p band and p* band, which touch at the Dirac point closely at the Fermi 

energy, corresponding to finding the band energy. For metal oxide, the bottom of the conduction 

band is dominated by M-4d orbitals, whereas the top of the valence band is M -d and O-p orbitals[3]. 

In addition, near the top of the valence band, the M-d and O-p orbitals hybridize. 

2.2. Mechanical Properties 

The most frequently estimated tensile characteristics show a general tendency to decrease exten-

sion to break and increase tensile stress as graphene nanoparticle loading increases for all processing 

conditions. Higher processing speeds are required for the effect to be noticeable in nanocomposites 

with low filler concentrations. On the other hand, nanocomposites with high graphene nanoparticle 

loading Tensile characteristics are affected by processing speed, barrel/die set temperature, filler con-

centration, and workstation type[4]. A sample is repeatedly tape-exfoliated and then transferred to a 

substrate. 

2.3. Magnetic Properties 

In this part, we describe the magnetic characteristics of GO sheet precursors and rGO-QDs sam-

ples at various reduction temperatures in detail. When an unpaired electron system is to an external 

magnetic field, the degenerate electron spin state splits with a difference in energy between the two 

states[5,25]. An absorbed photon's energy obtained from a frequency (ν) of external radiation can 

cause the unpaired electron spin to flip from lower to upper or upper to lower energy levels.  

2.4. Optical and Luminescence Properties 

Graphene will be used commercially in optoelectronics in touchscreens, liquid crystal displays 

(LCDs), and organic light-emitting diodes (OLEDs). 90% of light and have an electrical conductivity 

than 1 106 -1m-1. Graphene is an almost transparent substance that can transmit 97.7% of visible light. 

As previously stated, it is also conductive; therefore, Optoelectronic applications such as 

touchscreens for smartphones, tablets, televisions, and desktop computers. The characteristic absorp-

tion peak for GO appeared at ~230 nm, at the π-π* transition of aromatic sp2 domains. The -conjuga-

tion of aromatic sp2 in rGO-QDs increases due to an extended -electron system within the honey-

comb-like structure. As the -conjugation increases, less energy is required for the transition, corre-

sponding to the observed shift of the absorption to a longer wavelength[5,41]. Furthermore, the weak 

absorption peak of rGO-QDs also appears at ~309 nm, which can be the n-π* transition. The carboxyl 

and carbonyl groups are attached to the surface of rGO-QDs. 
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3. Experimental Synthesis 

The many graphene oxide synthesis methods are Brodie's method, Staudemaier's method, Hoff-

mann's method, Hummer’s method, modified Hummers method, and Tour method. 

3.1. Brodie's Oxidation Method 

The oxidation of the graphite using Brodie´s method of Fuming Nitric acid (200 mL) was added 

to a flask with a cooling jacket and cooled to 0°C in a cryostat. The graphite powder (10 g) was intro-

duced into the flask and thoroughly dispersed to avoid agglomeration. Next, potassium chlorate (80 

g) for 21 h at 0°C is necessary potassium chlorate. Explosions can occur. Once the reaction had fin-

ished, the mixture was distilled water and vacuum-filtered until the pH of the filtrate was neutral 

[6,40]. The produced substance, graphite acid, is in pure water but not in acidic environments. This 

approach has disadvantages, including a lengthy reaction time and the emission of hazardous gases. 

3.2. Staudenmaier Method 

The synthesis of GO from 1 g of natural graphite flake mixed with 27 mL of a 2:1 ratio 

H2SO4:HNO3 solution in an ice bath, then gradually adding 11 g of KClO3, keeping the reaction's 

temperature below 35°C, stirred for 96 hours, 800 mL of distilled water added while swirling the 

mixture, and a 0.45 mm nylon membrane filter is using [7]. The GO precipitate was washed several 

times in a 5% HCl solution to remove sulfate ions, using the BaCl2 test, and then in distilled water to 

remove chloride ions, using the AgNO3 test. 

3.3. Hofmann Method 

Hofmann's synthesis of H2SO4 (98%) and HNO3 (68%) was added and mixed in an ice bath for 

30 minutes. The mixture was then aggressively agitated while graphite (1 g) was added. While the 

reaction flask was submerged in an ice bath, potassium chlorate (10 g) was slowly added. Once the 

potassium chlorate is fully dissolved, the reaction flask is loosely closed to allow the gas to escape, 

and the mixture is continuously stirred at room temperature for 96 hours. They were placed in 300 

mL of deionized water[8]. Sulfate ions were removed from graphene oxide by centrifuging and wash-

ing with DI water until the negative interfering radical between the chloride and sulfate ions was 

dissipated. After that, it was dried in a vacuum oven for 12 hours. 

3.4. Hummer’s Method 

The 1 g of graphite and 23 mL of H2SO4 were stirred at 5°C. After an hour, the temperature raised 

to 40°C, at which point 3 KMnO4 was added. Drop by drop added 46 mL of deionized water was then 

added over the course of three hours while maintaining a 90°C temperature adjustment to avoid a 

rapid temperature rise. It took around 40 minutes to achieve 90°C, and the mixture was stirred for 

another 30 minutes when the temperature hit 90°C, followed by a 25-mL water addition, then 1mL 

of H2O2 was added. The solutions were filtered using a glass fiber filter after another 15 minutes of 

stirring. Prepare 300 mL of the 10% HCl solution and the graphene oxide particle filtration for the 

acid dispersion method [9,21,38]. Several times with a glass fiber filter before filtering again, after 

filtering several times in 300 mL of acetone for total purification. In a vacuum oven dried at 40°C for 

72 hours.  

3.5. Improved Hummers Method 

Graphite using KMnO4 as the oxidizing agent, 180 mL of the con.H2SO4, and 21 mL of the con. 

H3PO4 stirred for 10 minutes. 1.5 g of graphite and 4.5g of KMnO4 were gradually added to the 

H2SO4/H3PO4 mixture; the reaction was the constant stirring at 50°C for 12 h. The mixture was placed 

in an ice bath, followed by 1.5 mL of H2O2 to stop the process. They are washed several times through 

vacuum filtration with deionized water, HCl, and ethanol [10,11,38]. Finally, the slurry with dry di-

ethyl ether was added and dried at 100°C for 12 hours. 
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3.6. Tour Method 

The synthesis of GO has been Tour's approach. Graphite powder by soaking it for seven days in 

a solution of strong sulfuric acid and nitric acid (1:1 volume ratio). A solid mixture of 1 g of acid-

saturated graphite and 4 g of KMnO4 (1:4 weight ratio), held in an ice bath, was slowly and progres-

sively added to a cooled mixture of 70 mL of concentrated sulfuric acid and 10 mL of phosphoric acid 

(7:1 volume ratio) continuously stirred in room temperature. The solution changes to a reddish-

brown color. Then the solution was heated for 15 hours at 50°C. After that, an ice bath addition of 1 

mL of H2O2[12,13,40]. A solution change from a light brown or yellow color. After adding water to 

the solution and stirring for a few hours. Then washed with water, HCl, and ethanol and dried at 

55°C for 12 hours in a hot air oven. 

4. Reduction of Graphene Oxide 

4.1. Chemical Reduction of Graphene Oxide 

The 12.5 mL GO solution was diluted with DI water to 1.0 mg/mL under ultrasonication. Then 

NaBH4 was dissolved in 1.2g of a 50 mL NaOH solution (pH = 9). The NaBH4-NaOH solution was 

then slowly added to the GO solution. The heated solution at 80°C in an oil bath and stirred for 1 

hour [14]. They were washed multiple times with water and ethanol before being vacuum dried for 

12 hours. The reduction of graphene oxide with DNPH took 100 mg of graphene oxide mixed in 100 

mL of distilled water using an ultrasonic for 1 hour. They adjusted to pH 8 for 1 M NaOH. Then 2,4-

dinitrophenylhydrazine salt (1 g) was added and stirred for 2 hours at 80°C [15]. Afterward, the so-

lution was filtered using Whatman No. 1 filter paper, washed with ethanol, acetone, and a mixture 

of acetonitrile and water, then dried for 24 hours at 70 °C. 2 g of GO and 650 mL of water are added, 

then stirred for 30 minutes [10,39]. Then oil bath and 0.65 mL of hydrazine hydrate were added and 

then heated to 80°C with a continued stirrer for 72 hours. The solution is washed several times with 

water and then centrifuged for 10 minutes at 8000 rpm and dried for 24 hours at 80°C. 

4.2. Thermal Reduction of GO 

The dried brown powder was known as graphene oxide (GO)[16]. A mixture of GO 200 mg and 

200 mL of the aqua test was ultrasonication for 3 hours to exfoliate graphene sheets in GO powder. 

The mixture was condensed and vacuum dried for 72 hours to form a dark brown powder. GO pow-

der was reduced by annealing at 400°C. The dark brown powder was changed to a dark powder after 

thermal treatment as rGO powder. The rGO was extracted from GO by thermal reduction. GO has a 

reduced temperature (300 °C). A sudden change in temperature causes the elimination of functional 

groups and oxygen atoms from carbon planes, and exfoliation of GO takes place to produce rGO. The 

rGO can be considered chemically derived graphene, whose structure is from one layer to multi-

layers. rGO hydrothermally synthesized using 800 mg GO nanosheets incorporated with 100 mg Ag 

in 80 ml deionized water under vigorous stirring for 20 min [17]. The solution was then centrifuged 

for 30 min, transferred to a 100-ml Teflon-lined autoclave, sealed, and heated at 200°C for 24 h. The 

final product was washed and dried at 200 °C. 

4.3. Exfoliated Reduction 

Aqueous colloids of XGO were made by ultrasonically dissolving 0.25g of GO in 125 mL of dis-

tilled water and centrifuging for 2 hours to remove any unexfoliated GO [18]. The XGO dried at 90°C 

for 12 hours. Then RGO was prepared by dissolving 100 mg of XGO into 200 mL of distilled water, 

stirring at 95°C for 96 hours, and drying in a vacuum oven for 24 hours. 

4.4. Catalytic Reduction 

4.8 mL of 4-NPH (10 ppm) or RhB (7.5 ppm) aqueous solution and 1.0 mL of NaBH4 (0.75 M) 

into a 10-mm path-length quartz cuvette (6 mL) containing 0.1 mL of GO/Ag nanoparticle suspension 
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(5 mg/mL) to do this process [15]. For the catalyst recycling test, the RGO/Ag nanoparticles were 

separated and filtered after the reaction, cleaned, and put at 65°C for utilization in the runs. 

4.5. Green Synthesis Route for Reduced GO 

GO dispersion with a concentration of 2 mg/mL was prepared by dispersing 100 mg of GO in 50 

mL of DI Water using ultrasonication for 30 min. 50 mL of GO, then the mixture was stirred and 

heated at 80°C for 3 hours [19,20]. The brownish color converted to a black solution. The obtained 

solutions were centrifuged at 5,000 rpm and then washed several times with DI water and ethanol. 

Furthermore, the product dried at 60°C for 12 hours. 

5. Characterization 

The Characterization of graphene used in spectroscopy techniques is XRD, FTIR, UV-Visible, 

EDX, XPS, and Raman, then Microscopy techniques are SEM, TEM, and other techniques are VSM, 

DGA, and Density. 

5.1. X-ray Diffraction (XRD) 

Graphite, XGO, and RGO XRD patterns are in Figure 1. Pristine graphite exhibits a sharp dif-

fraction peak at 2θ = 26.38, corresponding to a well-ordered layer structure with 0.34 nm interlayer 

spacing along the (002) orientation [18]. The (002) peak shifts to a lower angle at 2θ = 10.80 after 

chemical oxidation and exfoliation into XGO, showing an increase in d-spacing from 0.34nm to 

0.82nm. Interlayer distance between sequential carbon basal planes increases due to the interaction 

of oxygen functional groups with water molecules in the carbon layer structure. Nonetheless, a new 

broad peak at 2θ = 23.50 corresponds to a 0.38 nm d-spacing along the (002) orientation. Oxygen 

functional groups cause a decrease in d-spacing. 

 

Figure 1. XRD patterns of (a) graphite, (b) XGO, and (c) RGO. 

5.2. Fourier Transform Infra-Red (FTIR) 

The IR spectra of both GO and rGO revealed the presence of a high absorption peak at 3352 and 

3224 cm-1, which is to the phenol or alcoholic functional group's OH-extending vibration. The absorp-

tion band at 2925 cm-1 in rGO reveals the C-H group. The absence of the carbonyl group, the 1722 cm-
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1 group, in rGO confirmed that GO a peak at 1351 cm-1 in GO and 1385 cm-1 in rGO indicates plane 

bending vibrations of the C-O-H bond, Indicating the introduction of oxygen groups into graphene. 

At 1215 cm-1, C-O-C glycosidic linkages in the IR spectra [21]. Finally, the C-O stretching bond of C-

OH is responsible for the increase in GO at 1013 cm-1 and rGO at 1037 cm-1. The IR data gathered 

showed that the absorption intensities of oxygen functional moieties were decreasing, indicating de-

oxygenation and effective GO reduction. IR spectra of GO at 1215 cm-1 and 1255 cm-1, respectively. 

Finally, the C-O stretching bond of C-OH is responsible for the increase in GO at 1013 cm-1 and rGO 

at 1037 cm-1.  

 

Figure 2. FTIR analysis of GO and rGO nanosheets. 

5.3. UV Visible Spectroscopy 

The UV-visible spectra of GO and rGO are in distilled water. It has absorption peaks at 232 nm 

and 300 nm due to the g-g* transition of C@C bonds and the n-g* transition of C@O bonds, respec-

tively. This spectrum is similar to the UV-Visible Graphene Oxide made by the traditional Hummers 

process, and it is also identical to the GO samples described in the literature [22]. The absorption 

spectra of decreased GO at 260 nm showed a red shift in Figure 3. This feature aids in confirming.   
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Figure 3. UV–Visible spectra for GO, rGO (1), and rGO (2). 

5.4. Energy Dispersive X-ray (EDX) 

When graphite is oxidized using the Hummers method (HM), the amount of carbon is reduced 

to 44.59%, resulting in a 2.08% rise in the atomic percentage of oxygen in the graphite (Figure 4) [22]. 

Other atoms involved in the process include sulfur, chlorine, calcium, potassium, and iron Figure 5. 

from the oxidation processes' starting chemicals and reagents. 

 

Figure 4. represents the EDX of (a) graphite, GO−HM, (c) GO−MHM1, and (d) GO−MHM2. 
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Figure 5. EDX of (a) graphite, (b) GO−HM, (c) GO−MHM1, and (d) GO−MHM2. 

5.5. X-ray Photoelectron Spectroscopy (XPS) 

XPS can also establish the nature of carbon and oxygen bonds in their many forms as unoxidized 

carbons (sp2 carbon), C-O, C/O, and COOH-linked Graphene surfaces. Several GO XPS experiments 

validate the highest positions in various functional areas [24]. The deconvoluted C1s signal of GO, as 

seen in Figure 6, is composed of mainly five peaks (at room temperature) at different positions cor-

responding to sp2 carbons in aromatic rings (284.5 eV) and C atoms bonded to hydroxyl (C-OH, 285.86 

eV), epoxide (C-O-C, 286.55 eV), carbonyl (C/O, 287.5 eV), and carboxyl groups (COOH, 289.2 eV). 

As the temperature of GO rises, the oxygen-containing functional peaks decrease and, in some cases, 

disappear. 
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Figure 6. XPS spectra of GO and oxygen functionalities removal at different temperatures. Reprinted 

(adapted) with permission from ref. 

5.6. Raman Spectroscopy 

Raman spectroscopy is the inelastic (Raman) scattering of a molecule by monochromatic light. 

Then the Raman spectra of GO and RGO are shown in Figure 7. which depicts two GO and RGO 

vibrations between 1100 and 1700 cm-1 [10].The D vibration band can appear at 1348.31 cm-1 for GO 

and RGO, formed by a breathing mode of j-point photons with A1g symmetry. On the other hand, 

the G vibration band from the first-order scattering of E2g phonons by sp2 carbon appears at 1594.19 

cm-1 for GO and 1586.56 cm-1 for RGO. In addition, the ubiquitous stretched C-C bond is recemented 

to contribute to G band vibration. 
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Figure 7. Raman spectra for GO and RGO. 

5.7. Scanning Electron Microscopy (SEM) 

SEM was used to study the morphologies of graphite, GO, and RGO samples. SEM micrographs, 

Figure 8 shows 10000x magnification micrographs of the graphite, GO, and RGO samples. Figure 8 

(a) shows graphite under a microscope. The micrograph demonstrates that the carbon in graphite 

crystallized in the shape of platelets [10]. The surface of the GO, however, was coated in layered and 

wrinkled flakes, as seen in the SEM micrograph in Figure 8(b). Because of the presence of graphite 

flakes, the graphene layers completely oxidized to GO. Furthermore, Figure 8(c) depicts a micrograph 

of an RGO that underwent chemical reduction using hydrazine hydrate, and the RGO's surface in-

corporates the techniques. 

 

Figure 8. SEM micrographs of a) graphite b) GO and c) RGO. 
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5.8. Transition Electron Microscope (TEM) 

TEM images to refine the morphological and structural analysis for higher resolution. Investiga-

tion reveals the spherical shape of cobalt ferrite. RGO sheets have been beneath cobalt ferrite nano-

particle particles [24]. Then RGCF nanocomposite's RGO nanosheets with smaller CoFe2O4 nanopar-

ticles. The intimate interaction between RGO sheets and CoFe2O4 NPs prevents CoFe2O4 NP aggre-

gation. The average particle size (Figure 9a) using the particle size distribution histogram (Figure 9d) 

Figure 9c's SAED pattern illustrates all the crystal lattices, demonstrating RGCF's polycrystalline na-

ture. The spinel CoFe2O4 FCC structure can be related to the necessary lattices. 

 

Figure 9. TEM images of the RGCF nanocomposite with 20 nm resolution (a), 50 nm resolution (b), 

SAED pattern (c), and particle size distribution (d). 

5.9. Vibrating Sample Magnetometer (VSM) 

A VSM analysis of magnetic moment plots as a function of an applied magnetic field is shown 

in Figure 10(a). The estimated magnetization and coercive field of Fe3O4 nanoparticles are 68.97 

emu/g. As a result, they are superparamagnetic, and their behavior is consistent when placed in an 

external magnetic field, as seen in Figure 10(b). The coercive field and predicted magnetization values 

for the RGO-iron oxide nanocomposite were lowered to 47.36 emu/g and 13.43 gauss, respectively 

[25]. Magnetic decrease caused by magnetic nanoparticles into non-magnetic RGO to create hybrid 

materials. The VSM results reveal that the generated nanocomposite has good magnetic characteris-

tics for magnetic separation in catalytic applications. 
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Figure 10. (a) Magnetic hysteresis loop for Fe3O4 NPs and Fe3O4/RGO nanocomposite. (b) The syn-

thesized nanocomposite shows in magnetic nature when placed in an external magnetic field. 

5.10. Thermogravimetric Analysis 

The thermal removal of certain oxide groups from GO and rGO in the 50–600°C temperature 

range causes rGO to lose 19% more weight than GO (65%) at 600°C. rGO is more stable than GO in 

terms of mass at a constant temperature [26]. The weight loss of rGO (4%) and GO (5%) is due to the 

evaporation of adsorbed solvent molecules below 100 °C. The second period is when weight loss 

(27%) occurs. The weight drop (27%) is due to less stable oxides such as H2O, CO2, and CO gases, 

which produce GO. However, only 5–8% weight loss of rGO was observed from 100 to 300°C and > 

300°C, respectively, in Figure 11. The elimination of more stable oxides, such as carboxyl groups, and 

the slow rate of weight loss were observed at temperatures above 300 °C in both samples.  

 

Figure 11. TGA for GO and RGO. 
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6. Applications 

6.1. Solar Cell Applications of Organic Photovoltaic 

The photovoltaic activity was produced by the interaction between patterned n-Si and GO. It 

operated on the p-n junction theory, where p-type GO and n-type silicon form a junction. The cell's 

exposure area was 0.64 cm2. Voltage-based reduction uses the gold stripes on either side of the GO 

layer as electrodes [27]. The reduction potentials are 5 to 15 V for the GO. The photovoltaic uses the 

gold film deposited between GO and SiO2. The solar cell's FF did not change, and the open-circuit 

voltage was constant at 0.78 V in every situation. 

6.2. Graphene Supercapacitor 

The supercapacitor has high volumetric capacitance and a strong power density. With the lowest 

internal resistance and improved capabilities, the electrodeposition method creates a porous and con-

ductive microarchitecture in the electrode material. The fabricated device demonstrated extraordi-

nary cycling stability and capacitance retention during charge-discharge cycles. Over a lengthy pe-

riod, an environment-friendly electrochemical device with a highly secure and stable operating en-

ergy storage supercapacitor can be an ideal choice for wearable microelectronics. The supercapacitor 

is optimized for stability, which has enabled high volumetric capacitance and strong power density. 

With the lowest internal resistance and improved capabilities, the electrodeposition method creates 

a porous and conductive microarchitecture in the electrode material. Devices demonstrated extraor-

dinary cycling stability and capacitance retention during charge-discharge cycles [28]. An environ-

mentally friendly electrochemical device with a highly secure and stable-functioning energy storage 

supercapacitor can be an appropriate solution for wearable microelectronics for a long time. The pro-

tocol has an excellent device structure for commercial microelectronics. 

6.3. Graphene Sensor 

LIG in electrochemical sensor electrodes allows electrolytes to contact the surfaces of LIG elec-

trodes, improving electron transport. Because of its many defects and exposed edge planes, LIG has 

more active sites and catalytic activity for redox processes, making it an attractive material for high-

performance electrochemical sensors. Pure LIG, as a catalytic material, can detect biomolecules such 

as uric acid (UA), tyrosine (Tyr), ascorbic acid (AA), and dopamine (DA). Furthermore, LIG surface 

modification may boost electrochemical reactivity and broaden the types of detectable chemicals. 

Glucose, hydrogen peroxide, oxygen, and methane are detected using metal nanoparticles and LIG 

electrodes [29]. LIG-containing enzymes, aptamers, antibodies, and molecularly imprinted polymers 

significantly improved electrochemical sensor responsiveness and selectivity to target molecules like 

urea, pathogens, and antibiotics. The high electrochemical conductivity, substantial effective surface 

area, and high sensing performance of the hydrazine sensor are due to the composite, as sensitivity, 

stability, repeatability, and selectivity for cations and anions and the hydrazine sensor performed 

well [30]. As a result, the devised approach has potential applications for environmental water mon-

itoring using the proposed hydrazine sensor. 

Glucose monitors Glucose monitoring is critical in many fields, including clinical diagnosis, bi-

otechnology, and the food industry [42]. To minimize diabetic emergencies, it is critical to create fast, 

accurate, and stable glucose detection methods, as well as frequent testing of physiological blood 

glucose levels. The sensor was employed for the detection of glucose in human urine samples and 

some chosen samples from food industries using enzymatic and non-enzymatic electrochemical 

methods. The proposed sensor's practical use agrees with the spectrophotometric approach. utilized 

in hospitals, and the glucose label value supplied by the food sector. Electrochemical immunosensor 

platforms for antigen and antibody detection. The detection results for both immunosensors were 

highly correlated [43]. From prehistoric times to the present, humanity has been plagued by a slew 

of viral infections. Several infectious viruses have caused global outbreaks, including influenza, Mid-

dle East respiratory syndrome coronavirus, and severe acute respiratory syndrome coronavirus. An 
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accurate, quick, and sensitive diagnostic platform is one of the most important preventive strategies. 

This can be a helpful tool for combating pandemics and epidemics, as well as for early disease iden-

tification in areas where high-throughput approaches are required for a large population. 

6.4. Graphene Battery 

The graphene cathode is the periodic intercalation process that generates more surface vacancies 

to permit capacitive charge storage and, as a result, increases cathode capacity during cycling. Be-

cause of the bigger intercalant size and stress on the graphene layers during the intercalation process 

in Et-1.5, there was more severe cathode exfoliation than in the Emi-1.3 electrolyte [31]. At low inter-

calation voltages, cation co-intercalation, the co-intercalation method, and the concomitant exfolia-

tion effect allow the Graphene battery to have an ultrahigh cathode capacity of over 150 mAh g-1 

while compromising cycle life and voltage plateaus. 

6.5. Hydro Voltaic Generators 

The droplet-based electricity generator, directly generated power, has good durability with con-

sistent voltage output and can attain good cycling. Less wettability causes a larger output voltage, 

which bridges the velocity and droplet separation much more quickly. The transferred graphene de-

vice exhibits considerable voltage degradation in the long-term test because of the decreased water 

contact angle caused by inevitable damage and polymeric contamination during the transfer [32]. 

These findings demonstrate the strength of transfer-free graphene. 

6.6. Graphene in OLED Screen 

We have all witnessed significant advances in display technology over the last few years. A high 

contrast ratio, outstanding color quality, high brightness, acceptable brightness, size, and a com-

pletely black back are indicators of a good display. OLED has proven to be the solution to these re-

quirements. Indium Tin oxide (ITO) is still mainly used in touch panel design. Advanced nanowires 

and nanoribbons for connectivity, using Graphene instead of Indium Tin oxide (ITO), solve this prob-

lem. Graphene is a thin layer with very high transparency and low sheet resistance. With its excellent 

mechanical strength and chemical compatibility, the use of graphene as a transparent conductive 

electrode is deemed the future of displays. With other transparent conductive electrodes, graphene 

transparency and ultra-thinness prevent light confinement, were is an outstanding property of gra-

phene. The latest smartphone touchscreens we use have transparent indium tin oxide electrodes. The 

strength and flexibility of graphene make flexible screens attractive to manufacturers. A single layer 

of graphene can now transmit more than 97% of the incident light, far exceeding the 90° capability of 

ITO. Monolayer graphene has a lower conductivity than ITO, but the conductivity increases by add-

ing layers to the material [33]. An advantage of graphene is that it does not require expensive raw 

materials. Carbon is abundant, making graphene affordable through efficient and effective produc-

tion. 

6.7. Graphene Shielding 

Electromagnetic interference not only degrades the performance of electrical devices but also 

pollutes the environment and poses health hazards. Metal-based shielding materials have been used 

to address this issue due to their high electronic conductivity and radiation-reflecting ability. How-

ever, metal has problems such as rust, weight, and processing. corrosion-resistant, lightweight, and 

low-cost EMI shielding materials conducted. Conducting polymers have a remarkable ability to 

shield materials from electromagnetic radiation. EMI resistance of conjugated polymers. The doping 

of the conjugated polymers improved their electrical conductivity and radiation shielding. Electron 

delocalization investigation to be responsible for these polymers' increased electrical conductivity 

Polymer films were created by mixing an emeraldine base with dodecyl benzene sulfonic acid The 

electromagnetic and electrical resistance of the films were measured. Polymer films doped with acid, 

the thickness of which varies from 1 to 30 m [34,35]. The conductivity increased from 10 to 100 Scm-1 
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as the layer thickness grew. These materials' electromagnetic interference shielding effectiveness 

(EMI SE) was more than 40 dB to 126 dB. 

7. Conclusion 

In this study, we looked at several synthesis and characterization methodologies. However, fu-

ture research shortages and issues must be addressed and researched. It has a wide range of applica-

tions, including energy storage devices for Solar cells, Supercapacitors, LIG-based sensors, River Wa-

ter sensors, Batteries, hydrovoltaic generators, OLED Screen, Polymers for Radiation Shielding, Gra-

phene Aerogel, and it can use to make graphene. 
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