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Abstract:-   Graphene engross researchers because of its fascinating electrical, thermal properties and mechanical stiffness. GO has 

been synthesized by methods like chemical vapour deposition, epitaxy method, sonication and by chemical treatment. In this work 

GO was synthesized by using modified Hummers method and characterised by UV, FT-IR, XRD and TEM analysis. UV- Vis 

studies showed peak at 300 nm is due to n- π* transition. XRD analysis showed that 2Ɵ value at 10o confirmed the formation of 

graphene oxide. TEM images clearly confirmed the layer structure in nanodimension. GO were used as a sensor for Chromium. 

The low concentration of Cr (VI) can be easily detected by GO. UV-Vis spectra were employed to study the sensing ability and the 

peak around 215 nm clearly revealed that GO formed complex with Cr through carboxylate ion. An attempt was made to employ 

GO to synthesize graphene using bioreductant. 

 

Key Terms- Hummer’s method, n- π* transition  and Cr sensor. 

 

 1. INTRODUCTION 

  Graphene is a single layer of graphite in which carbon 

atoms are arranged in a closely packed two-dimensional 

lattice. Graphene oxide (GO) is derived from graphene by 

introducing oxygen atoms which are covalently bonded to 

carbon atoms. GO remain as single atomic layer in water 

and can be reduced to graphene. Graphene flakes can be 

prepared by micromechanical cleavage of graphite. 

Graphene has a bright future in electronics because 

conjugated sp2 bonded carbon lattice have free electrons 

moving without scattering [1]. GO can be synthesized by 

many methods like chemical vapour deposition [2], scotch 

tape peeling [3], chemical surfactant assisted exfoliation [4], 

chemical reduction [5]. GO is produced by the oxidative 

treatment of graphite by method developed by Brodie, 

Hummers or Staudenmeir. GO disperses in water and 

several polar solvents, because the structure of GO normally 

includes hydroxyl, epoxy, and carboxyl groups on the 

graphene sheet. Accordingly, a GO thin film can be 

fabricated on a substrate by a solution-process. The 

reduction of GO provides a reduced graphene oxide (rGO), 

but it is not a perfect graphene. The rGO contains a few 

oxygen components and defects on the graphene structure. 

Although GO is an insulator because there are sp3 carbon 

atoms, rGO is conductive. Therefore the rGO is expected to 

be an electrode material. A water dispersion of GO is used 

as a lubricant to reduce friction on metal surfaces. GO-

supported metal catalysts were developed for a cross-

coupling reaction and hydrogenation. We can introduce 

several functional groups on GO because there are oxygen-

based groups. These GO derivatives may be useful for 

luminescent materials and biosensors. [6]. 

 

2. MATERIALS AND METHODS 

  

Graphite flakes (acid treated 99%, Asbury carbons), Sodium 

nitrate (98%, Nice      chemicals), Potassium permanganate 

(99%, RFCL), Hydrogen peroxide (40% wt, Emplura), 

Sulphuric acid (98%, ACS), Hydrochloric acid (35%, 

RANKEM). 

 

2.1 PHYSICAL MEASUREMENTS 

UV-Vis spectral analysis were carried out on a JASCO, V-

650 model spectrophotometers. FT-IR spectral studies were 

carried out to study the formation of GO which were read in 

the range 4000-400 cm-1 with JASCO- 4600 spectrometers. 

The morphology of GO was assessed using PHILIPS, CM 

200, TEM microscope operated at 200 kV with a resolution 

of 2.4Å. TEM studies were carried out in SAIF, IIT, 

Mumbai. The diffraction pattern of GO and graphene were 

recorded using a PANalyticalX’Pert PRO Powder 

X’Celerator Diffractometer, model PW3071 with CuKα 

monochromatic filter. 

 

2.2 Experimental procedure:  

Modified Hummer’s method for synthesis of graphene 

oxide  

This modified method of synthesis involves both oxidation 

and exfoliation of graphite sheets due to thermal treatment 

of solution. Graphite flakes (2 g) and NaNO3 (2 g) were 

mixed in 90 mL of H2SO4 (98%) in   a 1000 ml volumetric 

flask kept under at ice bath (0-5ºC) with continuous stirring. 

The mixture was stirred for 4 hours by maintaining the 

temperature and potassium permanganate (12g) was added 

to the suspension very slowly. The rate of addition was 

carefully controlled to keep the reaction temperature lower 

than 15º C. The mixture is diluted with very slow addition 
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of 184 ml water and kept under stirring for 2 hrs. The ice 

bath was then removed, and the mixture was stirred at 35°C 

for 2 hrs. The above mixture is kept in a reflux system at 

98°C for 10-15 min. After 10 min, the temperature was 

changed to 30°C which gives brown colored solution. Again 

after 10 min, the temperature was maintained at 25°C for 2 

hours. The solution is finally treated with 40 ml H2O2 by 

which color changes to bright yellow. About 200 ml of 

water is taken in two separate beakers and an equal amount 

of solution prepared is added and stirred for 1 hour. It is 

then kept without stirring for 3-4 hours, where the particles 

settles at the bottom and remaining water is decanted. The 

resulting mixture is washed repeatedly by centrifugation 

with 10% HCl and then with deionized (DI) water several 

times until it forms gel like substance (pH- neutral). After 

centrifugation the gel like substance is vacuum dried at 

60°C for more than 6 hours to GO powder.[7] 

  

 
Fig. 1 Photograph of GO solution and GO powder 

 

2.3 Bio synthesis of graphene oxide using fenugreek seed 

(FS) 

About 10g of FS was washed several times with DI to 

remove various impurities and then immersed into 50 mL of 

DI water for 12 hrs at room temperature. This solution was 

filtered using filter paper (Whatman Grade No.40) and then 

centrifuged at 8000 rpm for 15 minutes and supernatant was 

used as reductant. About 5mL of FS extract was mixed with 

20 mL of GO and kept at 80˚C on magnetic stirrer for 3 

hours. Finally the colour changed from brown to black 

slurry. Then it was filtered followed by washing with DI 

water and dried. 

 

2.4 Preparation of stock solution chromium (application of 

GO as Chromium sensor) 

About 50 mg, 100 mg, 200 mg of graphene oxide were 

stirred with 100 ml of 1x10-4 M (0.0001M) K2Cr2O7 in a 

magnetic stirrer and the consequent changes were monitored 

for about one hour through UV-Visible spectroscopy at 

regular intervals. 

 

3. RESULTS AND DISCUSSION 

 

3.1 UV-Visible spectroscopic studies 

Fig. 2 & 3 shows UV-Vis spectrum of graphene oxide. The 

spectrum has an absorption peak at 301 nm which is due to 

n – π* transition of C-O bonds. This confirms the formation 

of graphene oxide. The shoulder around 254 nm is attributed 

to π- π* transition of aromatic C-C ring. [8]. The 

synthesized graphene oxide has many application. It is 

employed to synthesize graphene using Fenugreek seed as a 

bioreductant. The peak around 300 nm shifted to 298 nm 

and the shoulder around 254 nm get intense around 257 nm. 

This reveals the reduction of graphene oxide to graphene. 

Thus the formation of graphene is confirmed through UV-

Vis studies. UV-Vis spectroscopic studies also paved the 

way to distinguish between mono, few and multilayer of 

GO. With increase in number of layers, the intensity of 

peaks get decreased. For thick layer GO the intense peak is 

not observed. [9] In this case the shoulder around 254 nm 

infers the formation of multilayer GO. The multilayer GO 

upon reduction to graphene decreased to few layers which 

can be inferred from the transformation of shoulder to sharp 

peak around 257 nm. 

 

 
Fig. 2 UV-Vis spectrum of GO 

 

 
Fig. 3 UV-Vis spectrum of graphen 
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3.2 FTIR STUDIES 

Fig.4 shows FTIR spectra of GO and BGO (Biologically 

synthesized GO). The peak around 3400 cm-1 is due to 

hydroxyl group and doublet at 1636 and 1620 cm-1 is due to 

carbonyl stretching frequency and the doublet is due to keto 

enol form [10]. The peak around 1025 and 1127 cm-1 may 

be due to ethers of GO. 

 
Fig. 4 FTIR spectra of GO and BGO 

 

 
Fig.7 a & b TEM images of GO. c & d SAED pattern 

                              

3.3 XRD analysis: 

Fig.5 shows the XRD pattern of graphene oxide and Fig.6 

shows the pattern for graphene. The oxidation of graphite to 

graphene oxide can be confirmed through XRD studies. 

Owing to oxidation the intensity of diffraction line at 

26.70ocorresponding to [002] plane with d-spacing 3.34 Ao 

weakened and intense peak at 10.65o is obtained [1] which 

is evident for the presence of oxygen functional group  After 

biological reduction with Fenugreek seeds extract, GO were 

reduced to graphene nanosheets. This is inferred from the 

peak at 27.43owhich supports the removal of oxygen atoms 

introduced during oxidation and the intensity of peak at 

10.65o get reduced. This is also confirmed by the change of 

brown colour solution to a black paste like mass. [8]    

 
Fig. 5 XRD Pattern for GO 

 
Fig. 6 XRD Pattern for graphene 

 

3.4 TEM studies 

TEM studies were carried out to observe the morphology 

and structure. Fig.7 a and b are TEM images of GO 

nanosheets. The images clearly depicts the layered structure 

of GO and found to have flake like structures. Selected Area 

Electron Diffraction (SAED) pattern shows diffraction ring 

instead of diffraction dots. This clearly indicates the 

amorphous nature of GO sheets.    

 

4. APPLICATION OF GRAPHENE OXIDE 

4.1 Biosynthesis of graphene  

The reduced GO was successfully employed biosynthesis of 

graphene. The experimental method followed and the 

characterization for the confirmation of formation of 

graphene were explained in results and discussions  

 

4.2 Application of GO as Chromium sensor 

Chromium is one of heavy metals which is mainly used as 

alloys, in wood processing industries, chrome plating, steel 

manufacturing and leather tanning industries. Cr (III) and Cr 

(VI) are variable oxidation states of chromium. Of these Cr 

(VI) is carcinogenic and immensely toxic. World Health 
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Organization (WHO) reported that in drinking water the 

tolerable concentration is 0.05 mg/L. It is directly 

discharged from industries and have to be reduced to Cr 

(III) which is less harm when compared to Cr (VI). 

Techniques like ion-exchange, reduction with chemicals like 

ferrous sulphate, sodium sulphide, adsorption, reverse 

osmosis, chemical precipitation and photocatalytic reduction 

using TiO2 [11] were available for reduction and removal of 

Cr (VI).  An attempt is made to reduce Cr (VI) using 

synthesized GO. Fig.8 a shows blank Cr (VI) which has two 

absorption band at 258 and 356 nm which is due to ligand to 

metal charge transfer. Upon treatment with 50 mg of GO the 

peak around 356 nm become shoulder within 2 minutes, a  

new peak around 220 nm were obtained and peak around 

258 nm also transformed as shoulder within 10 min. With 

increase in time the peak around 220 nm disappeared.  The 

peak at 356 nm is mainly due to Cr (VI) and deformation of 

this peak inferred that Cr is no longer in Cr (VI) state, but 

the increase in absorbance and shift in  λmax   indicates that 

Cr formed complex with graphene. The dosage of graphene 

was varied as 100 mg (Fig.8 b) and 200 mg (Fig.8 c). The 

resultant reaction was monitored through UV-Vis spectra. 

During the reaction of 100 mg of graphene with Cr (VI) a 

new peak around 215 nm appeared which is due to n- π* 

transition of carboxylate ion [12]. This peak get intense as 

reaction time increases which inferred that the graphene 

form complex with Cr through carboxylate ion. The 

diagrammatic representation is shown in Fig. d. The spectra 

for 200 mg GO inferred that within 2 min the reaction 

completed and cannot be studied. This inferred that the 

concentration of GO is high. With low concentration the 

peak around 215 cannot be monitored. Hence to study the 

complete mechanism the optimum weight of GO needed is 

100 mg. This can be clearly explained by the spectra shown 

in Fig. 8 b                             

 
Fig.8 a UV-Vis spectra of 50 mg GO with Cr (VI)  

 

 
Fig.8 b  UV-Vis spectra for different dosage of GO 

 

5. CONCLUSION 

 

Graphene  oxide were  synthesized  using modified  

Hummer’s method. The formation were confirmed through 

UV-VU  Spectral  studies .The peak at 301  is due n –π* 

transition of  GO, FT-IR studies clearly explained the 

stretching frequencies of C=O,C=C other and epoxy  

groups. This confirmed the functional  groups present in  

GO. XRD clearly confirmed the formation of GO  by the 

peak at 10.65◦. TEM  depicted  the flakes  like  layered  

structure  of GO. Diffraction rings  in  SAED pattern  

showed  the  amorphorus nature  of  GO. GO were 

successfully used for  the biosynthesis  of  graphene. UV-

Visible spectra and XRD studies confirmed the formation of 

graphene. It is also  employed  as  Cr(VI) sensor UV-Visible 

spectral studies  revealed  that GO forms complerc  with Cr 

through  carboxylate ion. These Cr(vI) is effectivele 

converted to less toxic complex. 
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