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Graphene is a very huge  and ultimate material for composite with 

metals, semiconductors and non metals in recent  years, due to its  has a 

unique atom-thick with two-dimensional (2D) structure, excellent 

physical properties like high conductivity and charge mobility, huge 

specific surface area, excellent mechanical, thermal and electrical 

properties. Thus, it has been regarded as an important component for 

functional materials, especially for developing a variety of catalysts and 

it has been considered widely as a prominent precursor and a starting 

material for the synthesis of this processable material. This work 

describes the synthesis of Graphene oxide (GO) by Modified 

Hummer’s method and characterization of GO by Ultra violet visible 

spectroscopy (UV-Vis), UV-visible diffuse reflectance spectroscopy 

(UV-DRS), X-ray diffraction (XRD), Field emission scanning electron 

microscopy (FESEM) and Energy dispersive spectroscopy (EDX) 

analysis. The results obtained from the characterization techniques 

mentioned above is also explained in detailed and evaluation of 

catalytic application to environmental remedies, such as water 

purification of degradation of methylene blue under visible light 

irradiation.  
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Introduction:- 
Graphene oxide (GO) represents an emerging field of interdisciplinary science that spans a variety of disciplines, 

including chemistry, physics, materials science, device fabrication, and nanotechnology [1-3] The current graphene 

boom started in 2004 when Geim, Novoselov et al. published the deposition and characterization of single sheets of 

graphite on solid supports.  Their groundbreaking experiments on graphene were honored with the Nobel Prize in 

Physics in 2010 [4-7].  Exceptional electronic, optical and mechanical properties were discovered in quick 

succession as a consequence of the experience gained from other carbon allotropes [8-9].  In particular, the high 

charge carrier mobilities, the electrical and thermal conductivity, combined with transparency and mechanical 

strength make graphene highly attractive for future high-tech applications [30]. 

 

The current status of graphene oxide  with respect to prototype applications has been extensively reviewed.[10] 

Many graphene-based devices outperform reference systems, for example in high-frequency transistors, foldable and 

stretchable electronic or photdetectors,[11] capacitors,[12] transparent electrodes,[13] sensors,[14] H2 

generation,[15] pollution management,[16] energy applications,[17] biomedical applications and in composite 

materials [30]. 
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Graphene is a two-dimensional (2D) carbon allotrope which can be viewed as both a solid and a macromolecule 

with molecular weights of more than 10
6
 –10

7
 gmol

-1
. In natural graphite, the graphene layers stick together through 

very pronounced -  stacking interactions [30]. This noncovalent interlayer binding contributes significantly to the 

high thermodynamic stability of graphite. As a consequence, the wet chemistry of graphene is always concerned 

with overcoming these interactions. For example, a targeted exfoliation of graphite or the stabilization of solvent-

dispersed graphene sheets always competes with reaggregation. It should be pointed out that a solid sample of 

graphene can only be stabilized on a support, such as a surface. A nonsupported graphene powder can not be 

expected to exist, since at least a partial restacking to graphite will take place! Another possibility of stabilizing 

individualized graphene is to “mask” the surface through chemical functionalization[18,30]. This paper we reported 

catalytic activity of graphene oxide (GO) under visible light irradiation and comparison the catalytic activity with 

graphite flake. 

 

Properties of Graphene:- 
Electronic properties:- 

The electronic properties of graphene have received the most attention. Suspended graphene shows extremely high 

low-temperature charge carrier mobility, with a value approaching 200 000 cm
2
 V

-1
 s

-1
 [19], making it an 

outstanding conductor of electricity. This excellent conductivity is due to the remarkable property of graphene that 

its charge carriers behave as mass less relativistic particles or Dirac fermions, and electrons can travel distances in 

the order of micrometers without scattering under ambient conditions [21]. This unique behavior has led to other 

phenomena in graphene. UV-DRS spectra revealed the graphene oxide  has  a zero-band gap 2D semiconductor due 

to its like as a semi metal, graphene exhibits a strong ambipolar electric field effect and the concentration of charge 

carriers can be as high as 10
13

 cm
-1

 , with room temperature mobilities of up to 15 000 cm
2
 V

-1
 s

-1
 having been 

measured[22]. Moreover, an unusual half-integer quantum Hall effect (QHE) in graphene has been observed at room 

temperature[23,29]. 

 

Thermal properties:- 

The thermal conductivity of suspended single-layer graphene at room temperature has been measured in the range 

(4.84 + 0.44) x 10
3
  to  (5.30 + 0.48) x 10

3
 W m

-1
 K

-1
 [24]. The superior thermal conduction property of graphene is 

beneficial for making graphene as an excellent material for thermal management [29].  The thermal conductivity of 

large-area, monolayer graphene grown by chemical vapor deposition (CVD) on a Au-coated SiNx porous membrane 

can reach about 2500 W m
-1

 K
-1

 at 350 K [25,29]. 

 

Mechanical Properties:- 

According to Changgu Lee, Graphene is the strongest material ever tested, with a Tensile strength of 130 GPa and a 

Young’s Modulus (defines stiffness) of 1 TPa [22,32]. Apart from this, Graphene is unbelievably light, weighing 

about only 0.77 mg/m2 . According to a Nobel announcement which illustrates that 1 m2 of Graphene hammock 

would support a 4 kg cat, but would weigh only as much as one of the cat’s whiskers [23,31]. 

 

Optical Properties:- 

Graphene produces a highly opaque atomic monolayer in vaccum, as it has an ability to absorb approximately 2.3% 

of the white light. Adding another layer of Graphene increases the amount of white light absorbed by approx. the 

same value (2.3%) [24]. Once optical intensity reaches a certain threshold saturable absorption takes place [33]. Due 

to Graphene’s properties of wavelength-insensitive ultrafast saturable absorption, full band mode locking has been 

achieved [34]. 

 

Experimental:-  
Materials:- 

Graphite Flakes (Sigma Aldrich), Sodium nitrate [NaNO2], Potassium permanganate [KNO3], Hydrogen peroxide  

30% [H2O2], Sulphuric acid  98% [H2SO4], Hydrochloric acid 35% [HCl], Ortho phosphoric acid [H3PO4], Bismuth 

Nitrate [Bi(NO3)3 .5H2O], Nitric acid [HNO3 78% ], Ammonium molybdate [(NH4)6Mo7 O24 .4H2O] and  

Ammonium hydroxide [NH4OH] and Methylene blue [C16H18ClN3S]. All chemicals received from Merck India 

except Graphite flake received from Sigma Aldrich USA  and used without further purifier. 
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Synthesis of Graphene Oxide by modified Hummer’s method:- 

Graphite flakes (2 g) and NaNO3 (2 g) were mixed in 80 mL of H2SO4 (98%) and 10 ml of H3PO4  in a 1000 ml 

round bottom  flask kept under at ice bath (0-5ºC) with continuous stirring.  The mixture was stirred for 4 hrs at 0-

5
0
C temperature and potassium permanganate (12 g) was added to the suspension very slowly. The rate of addition 

was carefully controlled to keep the reaction temperature lower than 15ºC. The mixture is diluted with very slow 

addition of 200 ml double distilled  water, the ice bath was then removed and kept under stirring for 2 hrs at room 

temperature. The above mixture is kept in a reflux system at 90°C for 1h. After 1h, change the temperature to 30°C 

which gives brown colored solution.  Again after 10 min, change it to 25°C, and maintain the temperature for 2 hrs.  

The solution is finally treated with 40 ml H2O2 by which color changes to bright yellow, 200 ml of water is taken in 

two separate beakers and equal amount of solution prepared is added and stirred for 1 hr. It is then kept without 

stirring for 3-4 hrs, where the particles settles at the bottom and remaining water is poured to filter. The resulting 

mixture is washed repeatedly by centrifugation with 5% HCl and then with distilled water several times until it 

forms gel like substance (pH- neutral). After centrifugation the gel like substance is vacuum dried [35]. 

 

Photocatalytic test:- 

Organic pollutant such as methylene blue  were chosen for photocatalytically activities evaluate  of the as 

synthesized GO powder and Graphite flake (Sigma Aldrich USA). A 400 W  HgX lamp was used as the light source 

to provide the simulated solar light. The experiments performed at an ambient temperature. The photocatalysts (GO 

or Graphite flake) 0.05 g were added into 50 mL of organic pollutant 5 ppm solution, and suspension was 

magnetically stirred for 30 min in the dark to reach an adsorption-desorption equilibrium with the photocatalysts. At 

a every 30 min time intervals, a 3 mL solution collected and then analyzed on UV-Vis spectrophotometer during the 

photo degradation process and same experiment perform as blank (without GO or Graphite flake). The concentration 

of methylene blue were determined by monitoring the variations in the main absorption centered at 664nm. 

 

Characterization:-  

The crystalline structure of the Graphene Oxide (GO) was investigated  by powder X-ray diffraction (XRD, 

PanAlytical, X-Pert pro, Netherland ) with Cu K (-1.54218 A) radiation . The size and morphology of the 

product were obtained with a Scanning electron microscope (FESEM-CARL Zeiis Germany, Model Ultra 55 

FESEM, Gemini column, 1nm Resolution, detector is INLENSE ), Energy dispersive spectroscopy (Oxford 

company, model 20 nm X Ma) UV-Vis & UV-Vis diffuse reflectance spectra of the sample were obtained in the 

range 300 – 800 nm using a UV-vis spectrophotometer (UV2550, Shimadzu, Japan) barium sulphate (BaSO4) was 

used as a reflectance standard. 

 

Results and Discussion:- 

Figure.1. shows the UV-Visible spectra of Graphene Oxide, the peak at 215nm is 


transition due to C=C 

bonding is an aromatic ring, where as the broad shoulder peak at 291nm is n 

transition due to C-O bonding. 

The absorption over 291 nm is expected to be caused by the conjugated fused ring plane; this indicates a sp
2
- 

conjugated network. 

 
Fig.1:- UV-Visible spectra of Graphene Oxide 

200 300 400 500 600 700

In
te

n
si

ty
 (

a
.u

)

Wavelength (nm)

GO




n




ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 405-412 

408 

 

 

 
Fig 2:- Possible structure of Graphene Oxide 

 

The XRD pattern obtained for as synthesized GO nanoparticles by Hummer’s method is shown in Figure 3b. It 

shows the diffraction peak at 2θ=10
0
, which is mainly due to the oxidation of graphite. The diffraction peak of pure 

graphite is found around 26
0
, corresponding to the highly organized layer structure with an interlayer distance of 

0.34 nm along the (002) orientation is shown as inset in Figure 3a. The XRD pattern for synthesized GO by 

Modified Hummer’s method is shown in Figure 3b. The disappearance of the peak at 26
0
 and appearance of the peak 

at 10
0
, shows that the product is completely oxidized after the chemical oxidation and exfoliation, indicating an 

increase in d-spacing from 0.34 nm to 0.82 nm. 
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Fig.3:- XRD pattern of (a) Graphite flake, (b) Graphene Oxide. 

 

Figure .4. Shows the FESEM images of Graphene Oxide. It shows single flakes of Gaphene Oxide may be observed. 

Graphene Oxide flakes have relatively large surface and well defined and interlinked three-dimensional Graphene 

Oxide sheets, forming a porous network that resembles a loose sponge like structure with 49.38 nm range in size. 

Fig.5.shows the EDX spectra of Graphene Oxide, which revealed to purity of C,H,O elemental analysis and some 

impure of the elemental with Potassium (K) and Sulphur (S) also idetified due KMnO4 and H2SO4 are precursor for 

the oxidation of GO..  
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Fig 4:- FESEM images of Graphene Oxide 

 

 
Fig 5:- EDX spectra of Graphene Oxide. 

 

Fig.6. shows Ultra Violet Diffuse-Reflectance Spectroscopy (UV-DRS) is an important method for charactering the 

electronic state, optical state and calculates the band gap of semiconductor materials. The DRS spectra of as 

synthesized of Graphene Oxide and the band gap calculated and the band gap is zero, due to its revealed Graphene 

Oxide as a non semiconductor, its like metal so Graphene Oxide as a semi metal. 

Band gap energy (Eg) = h*c/    ------  (1)  

WhereEg, h, c, are band gap energy, plank constant, speed of light, cut of wavelength 

respectively. 
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Fig 6:- UV-DRS spectrum of Graphene Oxide 

Photocatalytic Effect:- 

Generally photocatalytic degradation of dyes by a photocatalyst is critically depends on particle size, crystallinity, 

morphology, band gap energy, charge recombination and efficient charge separation. Graphene Oxide as a good 

efficiency for charge separation. Fig.7. shows the photocatalytic activity under visible light irradiation over 

degradation of Methylene blue were chosen as representative model pollutant. The establishment of adsorption – 

desorption equilibrium was obtained under continuous stirring 30 min before the degradation reaction was carried 

out, evaluated degradation under visible light irradiation measured to UV- Visible spectrometer to the cut off filter 

664nm.  Fig. 7a. shows 95.69 %  degradation of MB with GO, Fig.7b shows 58.02 % degradation of MB with 

Graphite Flake and  Fig.7c shows the 7.6 %  degradation of MB in absence of catalyst within 120 min. Fig 7d shows 

a plot between time verses % of degradation of MB under GO, Graphite flake and in absence of catalyst. Among 

them GO responds more towards the degradation of MB under visible light irradiation and the GO curve indicate 

with increase the time degradation also increased, the increases of dye degradation below 30 minutes is rapidly after 

30 minutes the degradation of dye is slow due to Graphene Oxide has large surface area so the degradation of 

starting 30 minutes is rapidly. So the effect of dye  degradation not only depend on photo light (visible or ultra 

violet) also depend on surface area of catalyst. 

% of degradation = (A0 – At) / A0 * 100  --------  (2)  

Where A0 and At are respectively initial absorbance. 
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Fig.7:- Degradation of methylene blue dye under Visible light irradiation (a) MB dye with GO (b) MB dye with 

Graphite flake (c) MB dye without catalyst  (d) Photocatalytic comparison between GO, Graphite flake and without 

catalyst  under visible light irradiation as a function of  time ‘t’ verses % of degradation. 

 

Conclusion:- 
The synthesis of Graphene Oxide successfully synthesized by modified hummer’s method. The synthesized of  

Graphene Oxide confirmed by XRD for the  graphite flake disappearance of the peak at 26
0
 and appearance of the 

peak at 10
0
, shows that the product is completely oxidized after the chemical oxidation to formation of Graphene 

Oxide and presence of C-O(n 

transition), C=C(


transition)bonds  analysis by UV-Visible spectroscopy, 

FE-SEM image revealed sponge porous with large surface area and photocatalytic experiment gave  good 

information for degradation of methylene blue dye with Graphene Oxide as a catalyst  i.e. the effect of dye  

degradation not only depend on photo light (visible or ultra violet) also depend on surface area also due to this 

reason Graphene Oxide as only one best material for composite/hybridized  to semiconductors and metals. 
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