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ABSTRACT 

Graphite oxide (GO) and reduced graphene oxide (RGO) have been synthesized using chemical methods. Prepared graphite 
oxide and reduced graphene oxide were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 
Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy. XRD patterns, Raman spectra and FTIR spectroscopy 
confirms significant structural changes while reducing GO to RGO. The obtained products were further analyzed for their 
optical and electrical properties using UV-Vis spectroscopy, photoluminescence spectroscopy and four-point probe. RGO has 
shown excellent electrical conductivity of 1.363×104 S/m. The bactericidal action of prepared GO and RGO was also studied 
against Escherichia coli and Staphylococcus aureus bacteria. Copyright © 2016 VBRI Press. 
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Introduction 

Graphene is the hottest member of carbon allotropic family 
since its discovery in 2004. It is thinnest material ever 
synthesized and has extensive potential for a wide range of 
applications due to its admirable electrical, optical and 
mechanical properties. Graphene is almost transparent with 

more than 98% optical transmittance [1]. It has 
exceptionally high Young’s modulus of about1.0 TPA but 

still it is quite elastic [2]. 
Since graphene is excellent conductor with thermal 

conductivity of about 5000 Wm-1K-1 and have highest 

reported intrinsic mobility of 200,000 cm2V-1 s-1 [3-4]. 
Thus graphene has boosted the field of nanoelectronics 

photo-electronic and energy storage [5-6]. Graphene sheets 
can also be utilised for enzyme immobilisation leading its 

use in programmable bioelectronics [7]. Beside these 
graphene is also used for biomedical applications such as in 

chemical and biochemical sensors [8]. Graphene possess 
high degree of antimicrobial properties thus can be used for 
developing newer antibiotics and strengthening the existing 

ones [9-10].  
Due to the broad spectrum of properties many  

attempts have been made to produce these carbon  
sheets. The first and the most common method of 
production was mechanical exfoliation in which a scotch 

tape was used to exfoliate the sheets from graphite [11]. 
The method yield was very low so newer methods  
have been developed includes liquid-phase exfoliation, 
chemical vapour deposition (CVD), epitaxial growth,  
ion implantation and chemical oxidation of graphite 
following reduction of exfoliated graphite oxide sheets  

[12-14].  Out of these the chemical method is the widely 
adopted process for the fabrication of graphene sheets due 
to its low cost and potential for large-scale industrial 
production.  

In chemical method firstly graphite oxide (GO) is 
synthesized under vigorous conditions and then it is 

reduced to produce graphene (RGO) [15]. The oxygen 
containing functionalities in GO alters the van der Waals 
forces between the layers leading increased interlayer 
spacing and imparting hydrophilic nature to it. These 
hydrophilic layers can easily be exfoliated using 
ultrasonication in aqueous phase. Reduction with a suitable 
reducing agent is widely adopted method to produce RGO 

sheets from GO and to revive conjugated structure [16]. 
The choice of reducing agent affects the quality as well as 
yield of RGO and hydrazine hydrate is widely used for this 

reduction [17]. 
In the present work, GO and RGO have been synthesized 

via chemical method and the effect of  
chemical reduction has been studied by measuring 
electrical conductivity and optical parameters of RGO and 
GO. The effect of GO and RGO on bacteria Escherichia 
coli and Staphylococcus aureus have also been studied.   
 

Experimental 

Materials 

Graphite flakes natural (-10 mesh, 99% metal basis) was 
obtained from Alpha Aesar. Potassium permanganate 
(KMnO4), sulphuric acid (H2SO4), hydrogen peroxide 
(H2O2), hydrochloric acid (HCl) and hydrazine hydrate 
(N2H4) were supplied by Merck India. All the chemicals 
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were of analytical grade and were used without any 
purification. Water used in the synthesis was of high purity 
with specific conductance in the range of 0.1×10−6 to 
1.0×10−6 S cm−1 and was prepared after series of distillation 

[18, 19]. Pure cultures of pathogenic bacteria (E.coli. and 
S.aureus) were procured from Indira Gandhi Medical 
College, Department of Microbiology, Shimla, India and 
were maintained on nutrient medium. 
 
Synthesis of graphite oxide (GO) 

Natural graphite flakes were used as the precursor in the 
modified Hummer’s method for the synthesis of graphite 
oxide. Graphite flakes (3 g) were added into sulphuric acid 
(20 ml) and the mixture was sonicated for 2 h to produce a 
fine dispersion. The reaction mixture was heated at 900C 
for 6 h with continuous stirring. The mixture was then 
poured into ice cold sulphuric acid (150 ml) kept under 
continuous stirring and potassium permanganate (15 g) was 
added slowly with extra care to keep mixture temperature 
below 100C. The mixture was stirred continuously for 2 h 
or till it turns into thick solution. The solution was then 
diluted using distilled water. Hydrogen peroxide was added 
slowly into the diluted mixture and it was kept undisturbed 
for 24 h. The upper supernatant was separated, centrifuged 
and the obtained product was washed repeatedly with 30% 
HCl. Subsequently, the product was washed with distilled 
water three times to remove any acid and the wet material 
was then dried in an oven. The dried material was termed as 
graphite oxide (GO).  
 
Synthesis of reduced graphene oxide (RGO) 

RGO has been prepared by the reduction of graphite oxide 
using hydrazine hydrate as reducing agent. In typical 
procedure, graphite oxide powder (100 mg) was taken into 
a flask containing distilled water (100 ml) producing 
inhomogeneous dispersion. This dispersion was then 
treated with ultrasonic frequency in an ultrasonicator 
producing homogeneous solution containing large number 
of exfoliated single and multi-layers of graphene oxide. 
These exfoliated layers were freed from oxygen 
functionalities by drop-wise addition of hydrazine hydrate 
(1ml). The mixture was then heated in water bath under a 
water-cooled condenser for 24 hrs at 900C for complete 
reduction. Reduced GO was separated via filtration and 
washed with copious amount of water. The wet powder was 
dried in oven at 800C and labelled as reduced graphene 
oxide powder (RGO). 
 
Instrumentation 

The infrared spectra were recorded in the range           
4000-500 cm-1 with Alpha Bruker model using powder 
sample. The powder X-ray diffractions (XRD) were 
recorded on a Panalytical 3050/60 Xpert-PRO using Cu Kα 

radiation. Raman spectroscopy in the range 3500-1000 cm-1 

was done using Reinshaw in via Raman microscope. 
Scanning electron microscope (SEM) images were captured 
on a FEI Quanta FEG 450. UV spectra were recorded using 
Shimadzu/UV-2600 UV-Visible spectrophotometer 
whereas PL-spectrophotometer FLS980-S2S2-s was used 
for PL spectra. For electrical conductivity measurements 

GO and RGO were pressed into 13×1 mm cylindrical 
shaped samples. A four point probe resistance tester 
attached with Keithley Sourcemeter 6221 and 
Nanovoltmeter 2182A were used for electrical conductivity 
measurements of the GO and RGO samples. 

 
Antibacterial studies  

Antibacterial activities of GO and RGO were tested against 
Escherichia coli and Staphylococcus aureus in distilled 
water as well as in acetone and commercial drug 
streptomycin was used for comparison. Nutrient agar 
medium was used for the growth of microorganisms and 
screening of the samples was done using agar well diffusion 
method. The medium was autoclaved at 121.60C for 30 
minutes and the plates were kept overnight at room 
temperature to check for any contamination to appear. 
Bacteria were grown in nutrient broth for 24 hours and 
100µl of bacterial suspension were spread on each nutrient 

agar plates [20]. Agar wells of 8mm diameter were 
prepared in each petri-plate with the help of sterilized 
stainless steel cork borer. The wells in each plate were 
loaded with 10mg of every sample and commercial drug 
Streptomycin, which has been used for comparison. 

Plates loaded with only solvent were treated as control 
(C). The plates were incubated at 370C for 24 hours in 
incubation chamber. Experiment was performed in 
triplicates. Activity was determined by measuring the 
diameters (in mm) of inhibition zone of bacterial colonies 
of treatment and control sets in mutually perpendicular 
direction. Growth inhibition was compared with the drug 
Streptomycin. 

 

Results and discussions 

Surface chemistry 

 
 
Fig. 1. FTIR spectra of RGO and GO. 

 
Fourier transform infrared spectroscopy  

FTIR spectroscopy has been employed to depict various 
moieties and functionalities present in GO and effect of 
reduction on these functional groups. The FTIR spectra of 

GO (Fig. 1) shows absorption bands confirming the 
presence of oxidizing groups. The broad peak around  
2800-3300 cm-1 was due to O-H stretching of absorbed 
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water on the surface of GO [21]. The skeletal vibrations of 

aromatic C=C domains were observed near 1600 cm-1 [22]. 
The alkoxy C-O vibrations were spotted around 1147 cm-1 
and in-plane C-H stretching vibrations were noticed at  

1031 cm-1 [23]. In the spectra of RGO (Fig. 1), all peaks 
corresponding to oxygen functional groups were 
diminished showing no sharp peaks confirming efficient 
reduction of GO. 

 
Structural properties 

X-ray diffraction 

The structure of graphite, GO and RGO were investigated 
by XRD. The conversion of perfectly crystalline graphite to 
crystalline RGO involving GO as intermediate is clearly 

visible in Fig. 2. For pristine graphite, the XRD of graphite 
flakes was taken and an intensive peak at 26.610 was 
observed showing well organized layered structure of 
crystalline graphite with an interlayer spacing of 3.34A0 

[24]. XRD pattern of GO showed peak at 12.60 with an 
interlayer spacing of 6.98 A0. The increase in the interlayer 
spacing indicates the oxidation of graphite with different 

functional groups positioned between graphitic layers [25].  
The XRD pattern of RGO shows a broad peak 
corresponding to (002) graphitic lattice planes indicating 
reformation of network sp2 carbon structures. The strong 
peak at 25.92720 for the (002) lattice plane corresponds to 
the interlayer spacing of 3.43Ao showing highly crystalline 

nature of RGO [26]. The XRD data corresponding to (002) 
peak was fitted to Scherrer relation indicating monolayer or 
few-layered graphene sheets ~10 layers with in-plane 

crystallite size of 3.43nm [27, 28]. The peak broadening of 
reduced graphene oxide signifies the smaller sheet size as 

compared to the graphite flakes and GO [29].  
 

 
 

Fig. 2. XRD spectra of graphite, GO and RGO. 

 
Raman Spectroscopy 

Raman spectroscopy is useful non-destructive technique 
employed to study various carbon materials. Raman 
spectrum of graphite showed two peculiar peaks positioned 
at 1350 cm-1 and 1580 cm-1 designated as D band and G 

band respectively [30]. The D band appears as a 
characteristic of the A1g symmetry pointing up the existence 
of defects in the lattice and its intensity serves as a compute 
for short range disorders. Whereas the D band emerges due 
to first order scattering of sp2 states and attributed to E2g 

symmetry [31-32]. GO has less graphitic nature as it has 
lots of oxygen containing group and hence more sp3 in 
character. Therefore Raman spectra showed only D and G 
bands and no second order signature that is 2D band. 
 

 
 
Fig. 3. Raman spectra of RGO and GO. 

 
The Raman spectra of RGO showed more intense D band 

and two moderate bands at 2673.54 and 2916.42 cm-1     

(Fig 3) corresponding to the second-order characteristics 

[33]. A Raman spectrum showed significant changes in 

going from GO to RGO (Fig. 3). The ‘D’ band for GO has 
been observed at 1360 cm-1 and the band shifted to 1353.49 
cm-1 in RGO. A small blue shift from 1600 cm-1 to 1580.46 
cm-1 in G band was also observed for RGO attributed to the 
recovery of network sp2 character in RGO. The intensity 
ratio (IG /ID) has been associated with the in-plane 

crystallite size and was calculated using the equation [34]:  
 
La= 4.4(IG /ID)        (1) 
 

The calculated ratio IG/ID for RGO was 0.84 and for GO 
1.14. The in-plane crystallite size was found to be 3.6nm 

for RGO [35]. 
 

Scanning electron microscopy 

The morphology and structure of RGO nanosheets were 

explored using SEM. SEM images of RGO (Fig. 4) showed 
paper-like structures with ripples and wrinkles on the 
surface; moreover, these ultrathin sheets appeared to be 
transparent. These features in the graphene lattice may be 
formed due to re-establishment of C sp2 networks as a 

result of de-oxidation [36-37].   
 

Optical analysis: UV-visible spectroscopy  

UV-visible spectroscopy was used for the optical study of 
GO and RGO. UV-visible spectra for GO showed an 

absorption peak at 235 nm (Fig. 5) analogous to →* 

transitions of aromatic C-C bands. 
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Fig. 4. SEM images of RGO. 

 
After reduction the peak had shifted to 262 nm for RGO 

showing significant increase in conjugation attributed to 
decrease in oxygen containing functional groups and 

restoration of carbon-carbon double bonds (C=C) [38]. 
This confirms the successful reduction of graphene oxide 

[39].  
 

 
 

Fig. 5. UV-Vis spectra of RGO and GO. 

 
Photoluminescence spectroscopy  

Photoluminescence spectroscopy serves as a contactless, 
non-destructive technique to investigate the electronic 

structure of materials. The intensity and spectral 
distribution of the emitted photoluminescence supplies 
important information related to recombination 
mechanisms, impurity levels, band gap and also helps in 
defect detections. The PL spectrum for GO and RGO 
dispersed in alcohol were obtained by the excitation 
wavelength 280nm. The PL of GO shows emission peak at 

324 nm (Fig. 6) which results from the presence of -* 

disorder-induced defect states [40]. The PL spectrum for 
RGO shows blue shift in the peak to 322 nm with low 
emission intensity indicating the decrease in the disordered 

states and increased number of small sp2 clusters [41]. The 
lower PL intensity for RGO shows that the recombination 
rate for electron-hole pairs have been decreased as 
compared to that for the GO indicating the higher charge 

separation efficiency for RGO under light irradiation [42]. 
 

 
 

Fig. 6. PL of RGO and GO. 

 

Electrical conductivity measurements 

I-V Characteristics   

The electrical conductivities of GO and RGO have been 
measured to verify the effect of chemical reduction in 
restoring the sp2 graphitic networks. GO and RGO powders 
were pressed into 13×1 mm pellets using polyvinyl alcohol 
(PVA) as binder. Electrical conductivity of consolidated 
samples was measured at room temperature using four 
probe method. RGO exhibited excellent electrical 
conductivity of 1.363×104 S/m confirming the presence of 
sp2 carbon network as in bulk graphite. Whereas GO 
exhibited lower electrical conductivity of 3.62 × 10-1 S/m 
due to the presence of oxygen groups. Conductivity of GO 
is attributed to incomplete oxidation of graphite flakes as 

GO was reported as insulating material [43-44]. 
 
Antibacterial studies  

Both GO and RGO have shown good bactericidal effects 
both in acetone as well as in water as confirmed by the 

appearance of zone of inhibition in culture plates (Fig 7). 
The bactericidal effect of both GO and RGO was good in 
acetone as compared to distilled water. GO has shown good 
bactericidal effect in comparison to RGO but Streptomycin 

was better than both GO and RGO (Table 1). 
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Fig. 7. Antibacterial effect of GO and RGO in comparison to 
streptomycin against E. coli in acetone (a), water (b) and against S. 
aureus in acetone (c), water (d). 

 
Table 1. Antibacterial activity of GO, RGO and Streptomycin against 
bacterial pathogen E. coli and S. Aureus in water and acetone. 
 

 

S. 

No. 

 

Samples 

Zone of Inhibition 

(mm) E.coli 

Zone of Inhibition (mm) 

 S. aureus 

Water Acetone Water Acetone 

1. GO 13 16 13 16.3 

2. RGO 11 12.3 09 10 

3.  Streptomycin (S) 24 20 23 21 

4. Control (C) No Zone No Zone No Zone No Zone 

 
 

 

Conclusion 

Reduced graphite oxide (RGO) was prepared successfully 
as confirmed by SEM micrographs. The conversion of GO 
to RGO was seen through Raman as well as XRD spectra. 
The re-establishment of carbon sp2 networks in RGO was 
also recognized by Raman spectra and was well supported 
by SEM images. Increase in UV absorption wavelength in 
comparison to GO also signifies the increase in conjugation 
leading to increase in sp2 network bonded RGO. Thus it 
was concluded that chemical reduction is an effective 
method for the synthesis of RGO. High electrical 
conductivity of 1.363×104 S/m was recorded for RGO 
making it suitable for micro and nano electronic devices. 
Both GO and RGO showed good bactericidal effect against 
Escherichia coli and Staphylococcus aureus. Due to good 
bactericidal effects and high surface area, both GO and 
RGO can be further modified to form complexes usable in 
various biomedical applications including targeted drug 
delivery.   
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