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 Graphene based materials have wide potential applications in biology, biomedical, 
agriculture environmental and biotechnology. Graphene Oxide (GO) is one of those substances 
and has a promising material as antimicrobial agents. In this work, the GO nanosheets have 
been synthesized by novel, easy, and efficient technique is simplified Hummer’s method. The 
spectral properties of the synthesis GO nanosheets were characterized by using Raman, FTIR, 
and UV-Vis techniques. The Raman spectroscopy has been used to measure number of layers 
(sheets), grain size, and to identify the ordered and disordered structure of GO nanosheets. 
Fourier Transform-Infrared spectroscopy (FTIR) has confirmed the presence of the oxygen 
containing functional groups of the GO nanosheets. The Ultraviolet-Visible (UV-Vis) absorption 
spectrum shows two peaks, one in the UV region and the other band in visible region. The 
purpose of this work is to inspect the antibacterial activities of GO nanosheets, which has 
been synthesized by this novel way (simplified Hummer’s method). It was tested against two 
microorganisms, Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) as model 
of Gram-negative bacteria and Gram-positive bacteria, respectively. Bacteriological studies 
were achieved by minimum inhibitory concentration (MIC), and cell viability analysis. The 
MIC showed the lowest concentration inhibits the bacterial growth of GO nanosheets, which 
is observed for E. coli was 125 ìg/ml and 62.5 ìg/ml for S. aureus. The cell viability analysis 
measured by florescent microscope has been confirmed the damage, which has been occurred 
on bacterial nucleic acid for the two types of bacteria.
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 Infectious diseases involved by pathogens 
bacteria continue to be one of the greatest health 
problems worldwide, afflicting millions of people 
yearly. E. coli and S. aureus are main bacterial 
pathogens that can cause life threatening human 
diseases. Herein, antibacterial substances are 
widely used to target pathogens bacteria in daily 
life and effectively protect the public health1. The 
study of carbon nanostructures is widely spread due 
to their unique properties and various applications. 

This is to say, among the numerous types of carbon, 
graphene is considered one of the most dealt within 
the present decade due to its excellent properties2-5. 
Graphene Based Materials involve few layer 
graphene, graphene nanosheets, GO and reduced 
graphene oxide (RGO)6. Graphene, which consists 
of a single atomic layer of sp2 two dimensional (2D) 
hybridized carbon atoms arranged as a honeycomb 
structure, is a basic building block for all graphitic 
forms, 0D (nanodots) fullerenes; 1D nanotubes 
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and 3D graphite are all derived from 2D graphene. 
Actually, GO has been more intensively studied 
than graphene. Although, graphene has been given 
more attention by researchers before GO 7-9, the GO 
has lately emerged as a new carbon based nanoscale 
material that provides an alternative path to 
graphene. The 2D GO is also a single atomic layered 
material made of oxidizing graphite crystals which 
are available in large quantities with low costs10. 
The GO has a very similar structure to a graphene 
sheet with its base having oxygen containing 
groups such as hydroxyl, carbonyl, carboxylic 
and epoxy groups. Since these groups possess a 
high affinity to water molecules i.e. hydrophilic 
can be easily dissolved in water and may be 
other solvents, which allows it to be informally 
deposited on spacious range of substrates to form 
thin films11. Several researches have demonstrated 
the strong antimicrobial properties of GO against 
a different types of microorganisms, involving 
Gram-positive and Gram-negative bacterial 
pathogens, phytopathogens, and biofilm forming 
microorganisms. The antibacterial activities of 
graphene, in particular GO, is related to its unique 
spectral and electrical, mechanical and thermal 
properties, such as facile surface modification, high 
mechanical strength, good water dispersibility, and 
photoluminescence. Owing to these outstanding 
antibacterial properties, GO has been exploited 
for biomedical and environmental management 
applications and successfully used in food package, 
medical disinfection and water disfection6, 12, 13. The 
application of the prepared GO nanosheets have 
been studied the antibacterial activity by using well 
diffusion method and the morphological changes 
depending on the SEM technique for the two types 
pathogens E. coli and S. aureus14. However, this 
work is deal with the antibacterial application for 
the above species by using MIC and cell viability 
analysis by using florescent microscope. The E. coli 
and S. aureus are the common bacterial forms and 
the major cause of infectious diseases in humans 
and animals15. Therefore, it is important to look 
for new antibacterial materials as alternative of 
antibiotics for therapy these bacterial strains.  
Experimental details
Synthesis of Graphene Oxide
 In the current study, the GO nanosheets 
have been prepared by a novel way, which is 
a simplified Hummer’s method. Briefly, 1 g of 

graphite powder (212 ìm mesh) was reacted with 
100 ml of a strong oxidant agent high concentrated 
sulfuric acid (95-97% H2SO4) under constant 
stirring. Actually, the reaction was continuing for 
about 3 days to fully oxidize graphite to graphite 
oxide after adding 3 g of potassium permanganate 
(99% KMnO4) gradually to the above solution 
while the solution temperature has been kept 
less than 20 ºC in order to prevent over heat and 
explosion. Then, 10 ml of hydrogen peroxide (37% 
H2O2 (5% v/v)) were added into the suspensionin 
order to terminate the oxidation process and hence 
destroying the excess KMnO4. For purification, 
the suspension was washed by rinsing and 
centrifugation [Gemmy Industrial Corporation 
(Taiwan)] with speed 8000 rpm for 20 minutes 
several times with 1 M of HCl solution to remove 
the metal ions. Then, it was washed repeatedly with 
deionized water to remove the acids in the product. 
Ultrasonic apparatus model (1740QT) supplied 
by VGT Company (China) has been used for 20 
minutes to convert graphite oxide to GO9. Finally, 
the GO product was dried at 80 °C in vacuum oven 
(VO-27) supplied by Hysc Company (Korea), in 
order to obtain GO as a powder.
Characterizations
 Raman spectra of the drop of GO, 
dried on glass slides samples were recorded by 
Bruker, Germany at ë=532 nm (second harmonic 
generation of Nd-Yag laser) of power 1.7 mW. 
The FTIR spectra of suspension sample have been 
recorded by using Shimadzu IRAffinity-1 (Japan) 
spectrophotometer using the wavenumber range 
of 4000-400 cm-1. These spectra of liquid sample 
of 0.1 mm thickness were obtained by using 
NaCl cell. At the same time, the UV-Vis spectra 
of the suspension samples have been recorded by 
using Schimadzu (S. Korea) model (DZ47-63) 
spectrophotometer, 220-240 V AC, 50-60 Hz. 
Quartz cell of dimension (1x1x4.5) cm has been 
used for UV-Vis measurements. 
Antibacterial activity tests
Microorganisms and Required Materials
 An E. coli isolates has been supplied by 
the (medical microbiology laboratory, branch of 
biotechnology, department of Applied Science, 
University of Technology, Baghdad - IRAQ) and 
S. aureus has been provided by Nanotechnology 
Center (Microbiological Laboratory, University of 
Technology, Baghdad - IRAQ).
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Fig. 1. Raman spectrum of the synthesized GO nanosheets

Fig. 2. FTIR spectrum of GO nanosheets suspension

 The used materials for antibacterial 
activities of GO were nutrient broth has been 
supplied by Himedia, India. Resazurin has been 
supplied by Himedia, India. Acridine orange (AO) 
and Ethidium bromide (EtBr) have been supplied 
by Sigma Aldrich, USA.
Experimental Techniques
 MIC and cell viability analysis by using 
fluorescent microscope were tested for antibacterial 
activity of GO nanosheets.
Determination of Minimum Inhibitory 
Concentrations
 The MIC of different GO nanosheets 
concentrations has been evaluated by using 
microplate bioassay. 96-wells plate was prepared 
by placing 100 ìl of nutrient broth (1.3 g in 100 
ml of distilled water (D.W.) has been prepared in 
universal tube and sterilized) inoculated with the 

bacteria into each well. A 100 µl aliquot of each 
concentration of GO nanosheets were added into 
the wells. Various concentrations of GO nanosheets 
were used in this experiment ranging from 1000 
µg/ml to 1.95 µg/ml in the wells. Plate was covered 
and incubated for 24 h in ambient air at 37 °C. The 
antibacterial activities were confirmed employing 
colorimetric method by the addition of 20 µl of 
resazurin to each well. The MIC was defined as 
the lowest concentration at which an antimicrobial 
agent will inhibit the growth of a microorganism. 
The determination of the MIC for each isolate was 
achieved in triplicate, and the results were taken 
when there was an agreement in at least two of 
the three MIC results. The controls of experiments 
were performed with bacteria in the medium as 
control positive and medium without bacteria as 
control negative.
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Fig. 3. UV-Vis spectra of GO nanosheets suspension

Fig. 4. The MICs of GO nanosheets against (A) E. coli and (B) S. aureus. (1) 1000 µg.ml-1  (2) 500 µg.ml-1  (3) 250 
µg.ml-1  (4) 125 µg.ml-1  (5) 62.5 µg.ml-1 (6) 31.25 µg.ml-1 (7) 15.625 µg.ml-1 (8) 7.8125 µg.ml-1 (9) 3.90625 µg.ml-1 

, (10) 1.953125 µg.ml-1 (11) control positive (with bacterial cell)  (12) control negative (without bacterial cell)

Cell Viability Analysis
 Fluorescent microscope has been used 
to test the antibacterial action of GO nanosheets 
on E.coli and S. aureus. For discrimination of live 
from dead cells on the basis of membrane integrity, 
AO with green fluorescence has been used to stain 
viable cell whereas EtBr with red fluorescence has 
been employed to stain dead cells. Briefly, 20 ìl of 
bacteria after and before GO nanaosheets treatment 
were placed in Eppendorf tube and centrifuged for 
10 min at 3000 rpm and washing with phosphate 
buffer saline (PBS) three times. 5 ìl of AO/EtBr 
were added and left for 5 min, and then a thin 
smear of treated bacteria has been spread on a glass 
slide and has been examined under Fluorescent 
microscope immediately.

RESULTS AND DISCUSSION

Raman Analysis
 Raman spectroscopy is a high speed and 
convenient nondestructive technique that is widely 
employed to get structural information about 
carbon based materials. The major features in the 
Raman spectra of graphitic carbon based materials 
are shown in figure (1). The fundamental bands 
arising from the stretching vibrations of C-O, and 
C=O which are centered at 1354.5 and 1598.5 
cm-1, respectively. However, the bands centered 
at 2686.5 and 2882.5 cm-1 are assigned as the first 
overtone (2ýC-O) of the fundamental band and the 
combination band (ýC-O + ýC=O), respectively. The 
intensity of the ýC-O band (1354.5 cm-1) compared 
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with the intensity of the ýC=O band (1598.5 cm-1) 
could be used to determine the crystallite size (La) 
of GO nanosheets material from the following 
equation [16]; 

                                                             

 ...(1)
where
 Cë the pre-factor for 514.5 nm laser, which 
is equal to 4.4 nm. However, this pre-factor has 
been calculated to be 4.55 nm for 532 nm laser. The 
ratio of I (ýC=O) /I (ýC-O) of GO is equal to 0.82. By 
applying equation (1), the crystallite size is found 
to be 3.7 nm.
 The number of layers, also, could be 
calculated from Raman band intensities, especially 
from the ratio of I (ýC=O) /I (2ýC-O). It has been 
found that the ratio of I (ýC=O) /I (2ýC-O) of GO is 
about 5. The intensities of the ýC=O, ýC-O, and 2ýC-O 
bands were estimated by fitting the intensities of 
the Raman bands of figure (1).
The Fourier Transform - Infrared Spectrum
 As illustrated in figure (2) of FTIR 
transmittance spectrum of the synthesized GO, the 
peak at 1092 and 1036 cm-1 are due to the symmetric 
and asymmetric stretching vibrations of C-O 
respectively. The characteristics peak, belonging 
to the C=O of the carboxylic group of the GO, is 
observed at 1570 cm-1, while the characteristics 

peak of, C=C of the aromatic cyclic, is centered 
at 1800 cm-1. It should be noted that the stretching 
vibration of C-O has not appeared in IR spectrum 
because this vibration does not show a change 
in dipole moment, although it shows a change in 
polarizability tensor17. Moreover, the spectrum of 
GO suspension shows two peaks around 2396 and 
2336 cm-1 are due to symmetric and asymmetric 
stretching vibrations of H-C-Hgroup respectively. 
However peaks centered at 2936 and 2876 cm-1 
are corresponding to symmetric and asymmetric 
stretching of C-H vibrations respectively. These 
two last vibrations are related and represent an 
indication of the existence of epoxide group. 
The absorption peak in the range of 3300–3500 
cm-1 is due to the O-H stretching vibration of the 
water arising from hydroxyl groups. Therefore, 
the presence of these vibration bands verified 
the successful attachment of functional groups 
(hydroxyl, carbonyl, epoxide, and carboxyl).
The Ultraviolet-Visible Spectra
 The UV-Vis absorption spectrum of GO 
suspension nano sheets is shown in figure (3). The 
main absorption peak at 232 nm is attributed to the 
ð’!ð* transition of aromatic C=C bond. There is 
some height at 325 nm due to the grating change 
of the UV-visible instrument, while the shoulder 
at about 650 nm has been assigned to the n’!ð* 
transitions (an excitation of one of anti-bounded 
electrons to overlap the excited multi bounded).

Fig. 5. Fluorescence images of E. coli (A, C) and S. aureus (B, D). (A, B: control; C, D: treated with GO nanosheets)
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Minimum Inhibitory Concentration
 The antimicrobial properties of GO 
nanosheets were investigated against Gram-
negative and Gram-positive bacteria. The MIC 
values for two bacterial strains are shown as follow. 
The obtained results of MICs show that two species 
of bacteria were susceptible to the GO nanosheets 
in the concentration ranges of 1000 ìg/ml – 1.95 
ìg/ml. The MIC of GO nanosheets on E. coli at 
concentration 125 ìg/ml that the color of resazurin 
begins to alter into pink color due to the activity 
of bacteria, whereas the MIC for S. aureus was at 
62.5 ìg/ml as shown in figure (4).
Cell Viability Analysis
 The effect of GO nanosheets on the 
viability of E.coliand S. aureus strains has been 
studied by using AO/EtBr staining fluorescent 
microscope. The results from the dual staining 
have been suggested that GO nanosheets show high 
influence on the cell wall membrane of bacterial 
strains, which means that most of exhibited cell in 
red color due to the losing of membrane integrity 
and react with damage nucleic acid as illustrated 
in figure (5).
 In this process, the cell membrane appears 
to be a primary target of the cytotoxicity of GO 
nanosheets. Membrane damage in GO nanosheets 
exposed bacteria was identified by morphological 
changes in the cell structure, leakage of nucleic 
acid and intracellular electrolytes, uptake of 
membrane-impermeable dyes, and changes in the 
transmembrane potential. 
 Membrane damage may be caused by 
the atomically sharp edges of graphene, which 
could penetrate the cell membrane and physically 
disrupt its integrity. Membrane damage may also 
be mediated via lipid peroxidation induced by the 
oxidative nature of GO nanosheets. Oxidative 
stress was proposed to be a major component of 
the antimicrobial activity for bacterial cells exposed 
to GO12. 

CONCLUSIONS

 In the current study, the GO nanosheets 
have been prepared by oxidizing graphite by using 
novel simplified Hummer’s method successfully 
and the spectral characterization results emphasize 
the GO formation.

 The grain size and the number of layers 
of the prepared GO nanosheets calculated from 
intensities of Raman technique. Furthermore, bands 
have been assigned to hydroxyl, carbonyl, epoxide, 
and carboxyl functional groups of GO nanosheets 
have appeared in the FTIR spectrum. The UV-Vis 
spectrum of GOnanosheets shows ð’!ð* and n’!ð* 
transitions in UV and visible regions respectively. 
 The antibacterial effect has been tested of 
the synthesis GO nanosheets against two species 
of bacterial. The GO nano material exhibits 
antibacterial properties, and the obtained data 
allowed to formulate the conclusion that nano-GO 
may inhibit bacterial growth. MIC has indicated 
the lowest inhibition concentration for two species 
of microorganisms. Cell viability in GO–bacterial 
aggregates was determined by live/dead (AO/EtBr) 
fluorescent staining. The cell viability analysis 
has confirmed the damage of nucleic acid, which 
occurred for two types of bacteria.
 From obtained results, one can predict 
that GO nanosheets will ensure its importance as 
a potential antibacterial agent in the development 
of future nanomedicine.
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