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Abstract: Graphene has been produced by various methods and techniques from various precursors. 
Here we demonstrate a simple and fast method of electrochemical exfoliation of graphite to graphene 
oxide (GO) and then its rapid reduction to graphene nano-sheets (GNs) with the help of microwaves. 
The samples prepared by this method were characterized with different techniques such as Ultra 
Violet-Visible spectrophotometry (UV-Vis), Fourier transform infrared spectroscopy (FT-IR), X-ray 
diffraction (XRD) and Atomic force microscopy (AFM) to confirm their characteristic properties. 
The UV spectra of GO and GNs showed a sharp and intensive peaks centered at 266.5 nm and 230 
nm. The FTIR spectra confirmed the oxidation of graphite and deoxygenation of the GO. Similarly, 
XRD analysis also confirmed the comparative layer structures of GO and GNS. The typical AFM 
morphology of GNs drop-casted on glass substrate ascertained the presence of few layers of 
graphene. This electrochemical exfoliation method and microwaves reduction offers a low-cost and 
efficient route to produce high quality graphene with high yield. 
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Introduction

Graphene is a flat monolayer of carbon 
atoms arranged into a two-dimensional (2D) 
honeycomb lattice [1]. Recently, graphene emerged 
as wonder material of the 21st century, and received 
world-wide attention due to its exciting properties 
such as high Young’s modulus (~1.0TPa) [2],
mechanical strength, a large theoretical specific 
surface area (2630 m2g-1), high inherent mobility 
(200,000 cm2v-1s-1) [3, 4], high thermal conductivity 
(~5000 Wm-1K-1) [5] and is an optically transparent 
material which absorbs only 2.3% of visible light and 
optical transmittance of (~97.7) [6]. A wide potential 
application of graphene in various specialized areas
have been utilized such as graphene based electronics 
[7], composite materials [8], molecular gas sensors 
and energy storage and conversion [9, 10], biosensors 
[11], fuel cells [12, 13], solar cells [14, 15], 
transistors [16] and etc. 

The demand for newer materials has been 
increased in modern applied technologies such as 
electronics, composite materials, molecular gas 
sensors and energy storage/conversions. Wherein, 
carbon-based nanomaterial exhibit unique chemical, 
electrical, magnetic and physical properties as 
compared to conventional bulk carbon materials. In 
order to realize and produce better-quality materials, 
devices and systems, the conventional bulk materials 
are converted into nano scale materials. So far, 
different techniques have been performed to 

synthesize graphene sheets such as micromechanical 
exfoliation of graphite [17], chemical vapor 
deposition (CVD) [18], solvothermal synthesis [19], 
epitaxial growth on electrically insulating surface 
[20], the reduction of graphene oxide (GO) [21], 
unzipping of carbon nanotubes [22], and microwave  
synthesis [23]. Among the various methods of 
graphene synthesis, electro chemical method is one 
of the simple, fast and high-yielding methods [24, 
25]. By applying the same method, Wang et al.
prepared a stable graphene/polymer suspension by 
carrying out the electrolytic exfoliation of graphite in 
poly (sodium-4-styrenesulfonate) as an effective 
electrolyte [26]. Dryfe and co-workers produced few 
layer graphene through intercalation of tetra alkyl 
ammonium cations into pristine graphite during 
electrochemical exfoliation [27]. Alanyalıoglu et al.
also reported an electrochemical route to produce a 
stable colloidal graphene/sodium dodecyl sulfate 
(SDS) suspension from the electrochemical 
intercalation of SDS as surfactant into graphite 
followed by electrochemical exfoliation of a SDS-
intercalated graphite electrode [28]. Similarly, 
Salavagione and co-workers studied the synthesis of 
high-quality few layer graphene by electrochemical 
intercalation and microwave-assisted expansion of 
graphite [29].

In the present study we demonstrate a novel 
two-step approach for production of high-quality 
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graphene nano sheets by electrochemical exfoliation 
of graphite and its successive microwave irradiation 
reduction. 

Experimental

For electrochemical exfoliation purposes, 
two graphite rods (55mm in length and 7 mm in 
diameter) collected from wasted dry battery cells, 
were used as electrodes and ionic solution of H2SO4

in deionized water (DI) as an electrolyte. The ionic 
solution used was prepared by dissolving 2.4g (98%) 
H2SO4 in 100ml deionized (DI) water [25]. The 
graphite rods were adhered to a zinc wire as a second 
electrode in the electrolytic cell filled with ionic 
solution and both were placed parallel at a distance of 
2 cm from each other as shown in Fig. 1a. The 
process of electrochemical exfoliation was carried 
out by applying DC bias of +10 V to graphite 
electrode. The exfoliated graphene oxide sheets as 
filtrate were collected by Wattman filter paper (Grade 
42) which were washed with DI water and then with 
ethanol and finally were dried in an oven at 
temperature of 105ºC. The obtained graphene oxide 
powder was then reduced into graphene by
microwave (Dawlance, Model EC-20, Korea)
treatment in ambient conditions at various powers of 
Watts (W) for different time intervals. The obtained 
graphene powder was further dispersed in DI water
and sonicated for one hour at room temperature. 
Finally, the system was centrifuged at 2500 rpm for 
five minutes to remove unwanted large particles. 
Thus the supernatant found after centrifugation was 
used to make thin film on glass substrate. The glass 
substrates were first cleaned with Piranha solution to 
remove undesired impurities for making the surfaces 
hydrophilic. The graphene solution (0.01mg/ml in DI 
water) was drop casted on the cleaned substrate 
where the thin graphene film was then self-
aggregated at the substrate surface. For 
characterization purposes, the substrate samples were 
heated on a hot plate at 120oC for 30 min to 
evaporate the residual DI water. 

The characteristic properties of the samples 
obtained were characterized by using the UV-Visible 
absorbance spectra (UV-1800 UV-Visible 
spectrophotometer, Japan). The FTIR spectra were 
obtained using (IR Prestige-21, Japan) spectrometer. 
The XRD measurements were carried out using 
JEOL X-ray diffractometer (JDX-3532, Japan)
equipped with a copper target. The AFM images 
were performed in a NanoWizard II JPK AFM (JPK 
Instruments AG, Berlin, Germany).

Results and discussion

The electrochemical exfoliation of graphite 
was performed to obtain graphene oxide (GO) by 
submerging two graphite rods parallel at a distance of 
2 ± 0.1 cm from each other in an electrolytic cell 
filled with an electrolyte solution, as shown 
schematically in Fig. 1(a). Wherein, during the 
electrochemical exfoliation, the anodic electrode was 
corroded as black precipitate and gradually appeared 
in the Electrolytic cell as dispersion that can be 
observed in Fig. 1(b).

Fig. 1: (a) Experimental Set up and (b) exfoliated 
graphite.

The dispersed precipitate was collected from 
electrolytic cell and then filtered. The collected 
filtrate was then washed with DI water until the pH 
of the filtrate became neutral and finally dried at 
105oC in an oven for two hrs to get graphene oxide 
powder as shown in Fig. 2. In the course of 
electrochemical exfoliation of graphite using H2SO4

solution, the process was observed to be time 
dependent where the amount of exfoliated graphite 
was found to be increased with the increase in time 
duration of exfoliation. 

Fig. 2: GO prepared during electrochemical 
exfoliation of graphite.

The Graphene oxide powders prepared by 
electrochemical exfoliation were treated in a 
microwave oven at optimum conditions of given 
power (800Ws) for time period of 30 seconds. Upon 
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microwave reduction, a little volume expansion of 
the GO powders was observed, accompanied by 
lighting and violent fuming. A glass bottle containing 
the reduced graphene oxide as black and fluffy 
powders obtained by this method can be seen in Fig. 
3, as described earlier in the literature [30-33]. 
Wherein, the mass loss after the microwave process 
was found to be 30%.

Fig. 3: Microwave assisted reduced GO.

The UV-Vis spectra of graphene oxide and 
graphene nano sheets are shown in Fig. 4. Where the 
absorption peaks in spectra (a) at 230 nm and a small 
shoulder at 300nm correspond to the л-л* transition 
of aromatic C–C bonds and the n-л* transition of 
C═O bonds, respectively, indicating that the graphite 
get oxidized during the electrochemical exfoliation 
[34, 35]. While the absorption peak in spectra (b) at 
266.5 nm confirms the reduction of graphene oxide 
due to the restoration of electronic conjugation within 
the graphene nano sheets that red shifted from 230 
nm to 266.5 nm [36, 37] during the microwave 
irradiation.

Fig. 4: UV-Vis absorption spectra of graphene 
oxide (0.5 mg/ml) and reduced graphene 
(0.1mg/ml) in DI Water.

The FTIR spectra of graphite, graphene 
oxide and reduced graphene nanosheets are shown in 
Fig. 5. In the graphite sample  no significant  peak 
was found  while in the FTIR sample of graphene 

oxide, the presence of different type of oxygen 
functionalities were observed at various wavelengths 
such as at  3425.5  cm-1 (O-H stretching vibrations), a 
broad peak of hydrophilicity at 2885 cm-1 to 3715 
cm-1 as contributed by the O-H stretch of H2O 
molecules [37], at 1760 cm-1 (stretching vibrations 
from C=O) and occurrence of  aromatic stretching 
vibrations at 1643.3 cm-1confirms  the existence of 
C=C bond that still remained before and after the 
oxidation process. Similarly, the peaks at 1388.7 cm-1

(C-OH stretching vibrations), and at 1095.5 cm-1 (C-
O stretching vibrations) also confirmed the presence 
of oxide functional groups were created during the 
oxidation process [38]. Most of the peaks in the  
FTIR spectra of reduced graphene showed the 
decrease in intensities at 3425.5 cm-1 (O-H stretching 
vibrations) and at 1760 cm-1 (C=O stretching 
vibrations) due to deoxygenation which is  further 
confirmed with the help of XRD analysis.

Fig. 5: The FT-IR spectra of Graphite, GO and 
Graphene.

The XRD pattern of graphite, GO and GNs
are shown in Fig. 6. The peaks indexed for (100) at 
42.80o, (004) at 54.9o signify the crystalline structure 
of graphite. The distinguishable (002) peak of 
graphite at 26.5O has inter planar distance (d002) of 
0.334 nm that is showing a highly ordered carbon 
structure of graphite. Similarly, the XRD pattern of 
graphene oxide shows the shifting of 002 peak to 
lower angle at 2θ=9.96˚, representing an increase in 
d-spacing from 0.34 nm to 0.87 nm. This increase in 
the interlayer distance between consecutive carbon 
basal planes is attributed to the intercalation of 
oxygen functional groups and water molecules into 
carbon layer structure [30, 39]. The characteristic 
peak of graphite of 002 at 26.5 o doesn’t vanish but 
reduced considerably, showing that the graphite is 
not completely oxidized during electrochemical 
exfoliation but retains partially its graphitic structure. 
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The XRD pattern of GNs sample shows a 
broad peak at 2θ=26.50o, corresponding to an 
interlayer distance of 0.339 nm, which may be 
attributed to the graphene layers due to high degree 
of exfoliation that achieved during the microwave 
irradiation reduction of GO [40]. It is considered that 
the obtained product consists of few-layer graphene,
having a new lattice structure and is absolutely 
different from the graphite and graphene oxide. 

Fig. 6: The X-Ray Diffraction pattern of Graphite, 
GO and Graphene.

AFM image of graphene nanosheets drop-
casted on glass substrate by Intermittent Contact (air) 
mode is shown in Fig. 7(a). The average thickness of 
graphene film was found to be 1.354 nm with an 
intersheet distance of 0.35 nm which concludes that 
the reduced graphene is completely exfoliated into 
individual sheets [41]. The cross section, designated 
by line-1 in Fig. 7(a) selected for layer analysis of 
graphene thin film is graphically represented in Fig. 
7(b). Where in, the cross section along the indicated 
line reveals a single layer graphene with a height of 
0.338 nm followed by a bi-layer graphene with a 
height of 0.71 nm and tri-layer grapheme with a 
height of 1.16 nm [42]. The increased height in many 
of the nanosheets can be observed from the image 
that also appears as a rough surface and has been 
reported earlier as solvent trapped between the 
graphene layer and the substrate [43]. The 3D surface 
morphology of the image is also shown in Fig. 7(c). 
The histogram as shown in Fig. 7(d) confirms the 
presence of thinner layers. Thus the statistical 
analysis confirmed the graphene nanosheets with its 
lateral size of about 0.1 µm and with its thickness of 
about 1.354 nm.

As it is known that GO by itself has poor 
microwave absorption capacity while the unoxidized 
graphitic portions present in GO act as the 
microwave absorbents that initiate the microwave-
induced deoxygenation process as mentioned earlier 
in the literature [44].

(a)

(b)

(c) 

(d)

Fig. 7: (a) AFM image of graphene film drop-
casted on glass substrate, (b) Graphical 
presentation of cross-sectional analysis of 
graphene, (c) Three dimensional image of 
graphene nano-sheets drop-casted on a 
glass
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Conclusions

In this work, a simple method is developed 
to prepare graphene by microwave assistant rapid 
reduction of electrochemically exfoliated GO. The
reduction of GO can be successfully achieved in time 
scale of minutes at a given power of 800 W. The 
yield of graphene prepared by this method is very 
high and production in large scale is easily attained. 
Thus, the present work provides an efficient approach 
to obtain high quality and cost-effective production 
of graphene powder which will really pave the way to 
their future applications in fabricating composite 
materials, flexible electronics and etc.

References

1. A. K. Geim, Graphene: Status and Prospects. 
Science, 324, 1530 (2009).

2. V. Singh, D. Joung, L. Zhai, S. Das, S. I. 
Khondaker, S. Seal, Graphene based materials: 
Past, present and future. Progress in Materials 
Science 56, 1178 (2011).

3. X. L. Li, X.R.Wang, L.Zhang, S. W. Lee, H. 
J.Dai. Chemically derived, ultra smooth 
graphene nanoribbon semiconductors, Science
319, 1229 (2008). 

4. S. Stankovich, D. A. Dikin, G. H. B. Dommett, 
K. M. Rohlhaas, E. J. Zimney, E. A. Stach, R. 
D. Piner, S. T. Nguyen, R. S. Ruoff, Graphene-
based composite material. Nature 442, 282 
(2006).

5. E. A. Yoo, J. Kim, E. Hosono, H. S. Zhou, T. 
Kudo and I. Honma Large reversible Li storage 
of graphene nanosheet families for use in 
rechargeable lithium ion batteries. Nano Lett, 8, 
2277 (2008).

6. M. D. Stroller, S. Park, Y. Zhu, J. An, R. S. 
Ruoff Graphene-based Ultracapacitors. Nano 
Lett 8, 3498 (2008).

7. Y. Shao, J. Wang, H. Wu. J. Liu, I. A Aksay, Y. 
Lin . Graphene based electrochemical sensors 
and biosensors, Electroanalysis 22, 1027 (2010).

8. B. Seger, P. V. Kamat, Electro Catalytically 
Active Graphene–Platinum Nanocomposites. 
Role of 2-D carbon support in PEM fuel cells. J 
Phys Chem C 113, 7990 (2009).

9. B. Saner, F. Okyay and Y. Yurum, Utilization of 
multiple graphene layers in fuel cells, An 
improved technique for the exfoliation of 
graphene-based nanosheets from graphite. Fuel, 
89, 1903 (2010).

10. X. Wang, L. J. Zhi, N. Tsao, Z. Tomovic, J. L. Li 
and K. Mullen, Transparent carbon films as 

electrodes in organic solar cells. Angew Chem 
Int Ed 47, 2990 (2008).

11. J. B. Wu, H. A.Becerril, Z. N. Bao, Z. F. Liu, Y. 
S. Chen, P. Peumans Organic solar cells with 
solution-processed graphene transparent 
electrodes. Appl, Phys, Lett, 92, 263302 (2008).

12. L. A. Ponomarenko, F. Schedin, M. I. 
Katsnelson, R. Yang, E. W. Hill, K. S. 
Novoselov, A. K. Geim, Chaotic dirac billiard in 
graphene quantum dots. Science, 320, 356 
(2008).

13. C. Lee, X. Wei, J. W. Kysar and J. Hone, 
Measurement of the Elastic Properties and 
Intrinsic Strength of Monolayer Graphene. 
Science, 321, 385 (2008). 

14. K. I. Bolotin, K. J. Sikes, Z. Jiang, M. Klima, G. 
Fudenberg, J. Hone, P. Kim, H. L. Stormer, 
Ultrahigh electron mobility in suspended 
graphene. Solid State Communications, 146, 351 
(2008). 

15. S. V Morozov, K. S. Morozov, M. I. Novoselov, 
F. Katsnelson, D. C. Schedin, J. A. Elias, 
Jaszczak, A. K. Geim. Giant intrinsic carrier 
mobilities in graphene and its bilayer. Phys Rev 
Lett, 100, 016602 (2008).

16. A. A. Balandin, S. Ghosh,W. Bao, I. Calizo, D. 
Teweldebrhan, F. Miao, C. N. Lau, Superior 
thermal conductivity of single-layer graphene. 
Nano Lett 8, 902 (2008).

17. Y. Zhu, S. Murali, W. Cai, X. Li, J.W. Suk, J. R. 
Potts, R. S. Rouff, Graphene and graphene 
oxide: synthesis, properties, and applications. 
Adv Mater 22, 3906 (2010).

18. F. S. Kim, Y. Zhao, H. Jang, S. Y. Lee, J. M. 
Kim, K. S. Kim, J. H.  Ahn, P. Kim, J. Y. Choi, 
B. H. Hong, Large-scale pattern growth of 
graphene films for stretchable transparent 
electrodes. Nature, 457, 706 (2009).

19. S. Park and R. S. Ruoff, Chemical Methods for 
the production of graphene. Nature 
Nanotechnology 4, 217 (2009).

20. C. Berger, Z. Song, X. Li, X. Wu, N. Brown, C. 
Naud, D. Mayou, T. Li, J. Hass, A. N. 
Marchenkov, E. H. Conrad, P. N. First, W. A. de 
Heer, Electronic confinement and coherence in 
patterned epitaxial graphene. Science, 312, 1191 
(2006).

21. X. Lu, M. Yu, H. Huang, R. S. Ruoff, Tailoring 
graphite with the goal of achieving single sheets. 
Nanotechnology, 10, 269 (1999).

22. S. Stankovich, D. A. Dikin, R. D. Piner, K. A. 
Kohlhaas, A. Kleinhammes and Y. Jia, Synthesis 
of graphene-based nanosheets via chemical 



Arshad Hussain Wazir and Imran Waseem Kundi J.Chem.Soc.Pak., Vol. 38, No. 01, 2016 16

reduction of exfoliated graphite oxide. Carbon, 
45, 1558 (2009).

23. D. V. Kosynkin, A. L. Higginbotham, A. 
Sinitskii, J. R. Lomeda, A. Dimiev, B. K. Price, 
J. M. Tour, Longitudinal unzipping of carbon 
nanotubes to form graphene nanoribbons. 
Nature, 458, 872 (2009).

24. Y. Y. Zhu, S. S. Murali, M. D. Stoller, A. A. 
Velamakanni, R. D. Piner, R. S. Ruoff, 
Microwave assisted exfoliation and reduction of 
graphite oxide for ultracapacitors, Carbon, 48, 
2118 (2010).

25. K. Kakaei and K. Hasanpour. Synthesis of 
graphene oxide nanosheets by electrochemical 
exfoliation of graphite in 
cetyltrimethylammonium bromide and its 
application for oxygen reduction. J. Mater. 
Chem. A. 2, 15428 (2014).

26. A. J. Cooper and N. R. K. Wilson, Single stage 
electrochemical exfoliation method for the 
production of few-layer graphene via 
intercalation of tetra alkyl ammonium cations. 
Carbon, 66, 340 (2014). 

27. A. Murat and J. S. Juan, O. S. Judith and C. P. 
Nieves, The synthesis of graphene sheets with 
controlled thickness and order using surfactant-
assisted electrochemical processes. Carbon, 50, 
142 (2012).

28. M. M. Gustavo, S. Pablo and E. Gary, High-
quality few layer graphene produced by 
electrochemical intercalation and microwave-
assisted expansion of graphite, Carbon, 49, 2809 
(2011). 

29. C. Y. Su, A. Y. Lu, Y. Xu, F. R. Chen, A. N. 
Khlobystov, L. J. Li. High-quality thin graphene 
films from fast electrochemical exfoliation. ACS 
Nano, 5, 2332 (2011).

30. M. Wojtoniszak, X. Chen and R. J. Kalenczuk, 
Colloids and Surfaces B Biointerfaces, 89, 79 
(2012).

31. D. Dallinger and C. O. Kappe, Microwave-
assisted synthesis in water as solvent. Chemical 
Review, 107, 2563 (2007).

32. X. T. Liu, X. Quan and L. Bo, Temperature 
measurement of GAC and decomposition of PCP 
loaded on GAC and GAC-supported copper 
catalyst in microwave irradiation. Applied 
Catalysis A, 264, 53 (2004).

33. X. J. He, Y. J. Geng and J. S. Qiu, Effect of 
activation time on the properties of activated 

carbons prepared by microwave-assisted 
activation for electric double layer capacitors. 
Carbon, 48, 1662 (2010).

34. K. J. Rao and B. Vaidhyanathan, Synthesis of 
inorganic solids using microwaves, Chem Mater, 
11, 882 (1999).

35. J. I. Paredes and S. Villar-Rodil, Graphene oxide 
dispersions in organic solvents. Langmuir, 24,
10560 (2008).

36. Z. Xu, L. Qin and Z. Xiaohua, Reduction of 
graphene oxide via ascorbic acid and its 
application for simultaneous detection of 
dopamine and ascorbic acid. Int J Electrochem. 
Sci, 7, 5172 (2012). 

37. D. Li, M. B. Muller and S. Gilje, Processable 
aqueous dispersions of graphene nanosheets. 
Nature Nanotechnology, 3, 101 (2008).

38. S. P. Lonkar, J. M. Raquez, P. Dubois. One-pot 
Microwave-assisted Synthesis of 
Graphene/Layered Double Hydroxide (LDH) 
Nanohybrids. Nano-Micro Letters, 7 (2015).

39. M. Achaby, F. Z. Arrakhiz and S. Vaudreuil, E. 
M. Essassi, A. Qaiss, M. Bousmina, 
Piezoelectricβ-polymorph formation and 
properties enhancement ingraphene oxide-PVDF 
nanocomposite films. Applied Surface Science, 
258, 7668 (2012).

40. T. Noguchi and M. Sugiura, Flash-induced FTIR 
difference spectra of the water oxidizing 
complex in moderately hydrated photosystem II 
core films: Effect of hydration extent on S-state 
transitions. Biochemistry, 41, 2322 (2002).

41. E. Y. Choi, T. H. Han and J. Hong, Noncovalent 
functionalization of graphene with end-
functional polymers. J. Mater. Chem., 20, 1907 
(2010).

42. E. A. Obraztsova, A. V. Osadchy and E. D. 
Obraztsova, Statistical analysis of atomic force 
microscopy and Raman spectroscopy data for 
estimation of graphene layer numbers. Phys. 
Stat. Sol. (b), 245, 2055 (2008).

43. K. A. Worsley, P. Ramesh and S. K. Mandal, 
Soluble graphene derived from graphite fluoride.
Chemical Physics Letters, 445, 51 (2007).

44. H. Hu, Z. Zhao, Q. Zhou, Y. Gogotsi and J. Qiu. 
The role of microwave absorption on formation 
of graphene from graphite oxide, Carbon, 50, 
3267 (2012).


