|
-]
.- | ™
mE "
Vol.64: e21210180, 2021 z

https://doi.org/10.1590/1678-4324-2021210180

=
ISSN 1678-4324 Online Edition BAB I

ERAZILIAN ARCHIVES OF
BIOLOGY AND TECHNOLDGY

Article - Biological and Applied Sciences

Biosynthesis of Graphene and Investigation of
Antibacterial  Activity of  Graphene-parthenium
hysterophorous Nanocomposite

Naeem Akbar? Muhammad Saleem*
https://orcid.org/0000-0001-5436-0990 https://orcid.org/0000-0002-3685-648X
Sidra Kanwal?! Said Nasir Khisro?
https://orcid.org/0000-0002-8931-6997 https://orcid.org/0000-0002-6280-7411
Muhammad Shafig Ahmed?” Muhammad Javed!
https://orcid.org/0000-0002-9563-9741 https://orcid.org/0000-0002-1401-4943
Simab Kanwal? Nasar Ahmed®
https://orcid.org/0000-0003-4085-1232 https://orcid.org/0000-0003-0460-6571
Muhammad Ashfaq Jamil! Ahsan Ejaz®
https://orcid.org/0000-0003-0299-3926 https://orcid.org/0000-0002-9679-6327

Sabastine Ezugwu?®
https://orcid.org/0000-0002-9755-6456

tUniversity of Kotli Azad Jammu and Kashmir, Department of Physics, Kotli, AJK, Pakistan; 2Mahidol University, Institute
of Molecular Biosciences, Salaya, Phuttamonthon, Nakhon Pathom, Thailand; 3University of Western Ontario,
Department of Physics and Astronomy, London ON, Canada; “University of Kotli Azad Jammu and Kashmir, Department
of Chemistry, Kotli, AJK, Pakistan; SAzad Jammu and Kashmir University, Department of Physics, Muzaffarabad, AJK,
Pakistan; *Mirpur University of Science and Technology, Department of Civil Engineering, Mirpur, AJK, Pakistan.

Editor-in-Chief: Alexandre Rasi Aoki
Associate Editor: Fabio André dos Santos

Received: 2021.03.26; Accepted: 2021.07.21.

*Correspondence: mshafig@uokajk.edu.pk, Tel: +9233339463669 (M. S. A.).

HIGHLIGHTS
¢ Biosynthesis of graphene using extract of Parthenium hysterophorous (P-H) as surfactant.
e Antibacterial activity of Graphene/Parthenium hysterophorous (G/P-H) was found to be controlled
by graphene content in the G/P-H nhanocomposite.

e Biocompatible graphene has a potential to be used in biomedical applications.

Abstract: There is a great interest to use carbon-based material like graphene and graphene oxide in
biomedical applications due to its flexibility to be functionalized with bio-active molecules. Herein, graphene
and graphene-based nanocomposites were biosynthesized by liquid-phase exfoliation of graphite using
agueous extract of Parthenium hysterophorous (P-H) as a surfactant. A set of five thin film samples of
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graphene was prepared from graphene suspension by vacuum filtration method. Samples were characterized
by UV-vis spectroscopy, Raman spectroscopy, SEM, and XRD, which revealed successful synthesis of
graphene. Graphene/P-H(G/P-H) nanocomposites comprising varied ratios of graphene and P-H were
prepared and their antibacterial activity was investigated by agar well diffusion method. The experimental
results indicated that G/P-H nanocomposite have higher antibacterial activity than graphene alone, and
bioactivity of G/P-H nanocomposite was found to be controlled by the fraction of graphene in the composite.

Keywords: Graphene; Parthenium hysterophorous; nanocomposite; biosynthesis; bioactivity; liquid-phase
exfoliation.

GRAPHICAL ABSTRACT

Caldiny
INTRODUCTION

Graphene is a planar sheet of single layered atoms of carbon, possessing unusual properties such as
tunable electronic band gap, double surface area, very high mechanical strength, ultra-high density and
outstanding thermal conductivity [1-6]. This two-dimensional (2D) material has acquired enormous
consideration because of its use in many electronic and optoelectronic devices like transparent electrode in
solar cell, light emitting diodes, and touch screens [7-10]. Graphene and reduced graphene oxide have been
used in biological and medical application like stem cell regeneration [11], DNA sequencing [12], dental and
medical applications [13]. Nanocomposites of graphene have shown enhanced properties because of
inclusion of graphene in them. Lot of work has already been reported previously on Graphene based
nanocomposites, for example graphene-ZnO nanocomposites and graphene-Cu nanocomposites are used
for batteries and supercapacitor applications [3,14-16]. In biomedical applications graphene-based
composites were also used. A small concentration of few layer graphene (0.2 %) used to fabricate dental-
polymer composites showed improved physio-mechanical properties [17]. Reduced graphene oxide
nanomaterials have been used in scaffolds' structure to enhance bone regeneration and also displayed
antimicrobial activity [18]. Graphene quantum dots were used in photolytic therapy [19].

Graphene is generally produced by chemical vapor deposition (CVD) [20], chemical reduction of
graphene oxide or thermal treatment of graphene oxide [21-23]Jand mechanical exfoliation of graphite with
sonication in the presence of solvent or chemical /biological surfactant [24-27]. A simple, green method for
the synthesis of RGO/Ag nanocomposite using the amino acid tyrosine as bioreductant and stabilizing agent
has been reported already by S.B. Sireesh Babu Maddinedi and coauthors [28].Various biological techniques
for synthesis of graphene using extracts of plant are reported in literature. These techniques, for synthesis of
graphene, are used due to their high-yield, nontoxicity, low cost and environmentally benign procedures
adopted [29, 30]. Spinach leaf and Xanthium strumarium extracts have been used to prepare reduced
graphene oxide and few layered graphene [30, 31].

In this work, Parthenium heterosporous extract (P-H) is used as an organic surfactant for stabilization of
exfoliated graphene flakes. Also, graphene/P-H (G/P-H) nanocomposite was made and its antibacterial
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activity was investigated against different bacterial strains. To the best of our knowledge the use of P-H for
synthesis of graphene is not reported yet. P. hysterophorous is a noxious, herbaceous and exotic weed
belonging to asteraceae family. It grows in agricultural lands, orchards, forest lands and food plains [32, 33].
However, this plant has many useful chlorogenic acids, such as caffeic acid, p-coumaric acid, ferulic acid,
vanillic acid and p-anisic acid,that are beneficial for bio-medical and industrial use. [33]. P. hysterophorous
based graphene nanocomposite can be used in many applications where biocompatibility of graphene is
important.

MATERIAL AND METHODS

The chemicals and other materials used in this work include highly oriented pyrolytic graphite (HOPG),
sulphuric acid, nitric acid, acetone, ethanol, and nitrocellulose filters. Analytical grade chemicals have been
purchased from Sigma-Aldrich, while filter papers with a pore size of 220 nm have been purchased from
Millipore.

Preparation of Parthenium hysterophorous extract

The selected plant P. hysterophorus was collected from Mandi Dhara, Kotli District, Azad Jammu and
Kashmir State, Pakistan. Fresh aerial parts of plant material, i.e. stem and leaves, were collected, washed
and dried in open air for 9 days. The total weight of the plant used to prepare the extract was 191.4 g. The
dried plant material was crushed into pieces and two distinct methods of extraction were followed. The stem
and leaves weighing 35 g were extensively washed with distilled water for three times and dipped into the
glass beaker containing 200 ml of distilled water. The mixture was boiled at 80 °C for one hour and cooled to
room temperature followed by filtration to negate the dust particles using Whatman-42 filter paper. The filtrate
was then permitted to stand for ten days at room temperature to evaporate the remaining solvents. The
second method was to macerate the crushed stem and the 5 g leaves into the distilled water in 200 ml of
distilled water, so that the water content was higher than that of the plant. The mixture was boiled for up to
two hours at 100 °C and cooled to room temperature, followed by filtration with whatman42 filtering paper.
Figure 1 shows a stepwise process of preparation of leaves and stems extract of P. hysterophorous.

Parthenium Plant
Hysrerophorus Dfief’ and Boiled Filtered exkrait
Plant grind

Figure 1. Preparation of an aqueous extract of P. hysterophorous. The starting materials are the stems and leaves of
P. hysterophorous, which are then air dried for 9 days. Dried P. hysterophorous leaves and stems are easy to crush to
powdery state, allowing the complete extraction upon boiling at 80 °C.

Synthesis of graphene thin films and graphene/Parthenium hysterophorous nanocomposite

To synthesize the graphene thin films, HOPG powder was chemically treated with a H,SO4:HNO3 (3:1)
mixture for 12 h, which resulted in a mildly oxidized graphite suspension. As shown in Figure 2, the oxidized
graphite was first collected on Millipore filter membrane (pore size 220 nm), followed by dispersion and
sonication in the reducing agent. The resulting graphite flakes on the filter membrane were washed with
deionized water several times, dried, and subsequently used for the preparation of graphene suspensions.
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Figure 2. Schematic demonstration of steps of graphene thin films and graphene/P. hysterophorous (G/P-H)
nanocomposites. STEP I: Chemical treatment of Highly Oriented Pyrolytic Graphite (HOPG). STEP II: Suspension of
few-layer graphene and G/P-H nanocomposites used to prepare samples by vacuum filtration. STEP lll: The SEM image
of a large flake of G/P-H nanocomposite made from 5 mL filtration volume of the suspension.

A modified Hummer’s procedure was adopted to synthesize the G/P-H nanocomposite using the P-H as
an organic surfactant to exfoliate and stabilize few layer graphene. Graphene suspension was prepared by
dispersing treated graphite in P-H. Briefly, treated graphite (0.8 g) was added to 500 mL of the solution and
sonicated it for 5 h. The suspension was left overnight on a stable surface to allow the formation of thick,
non-exfoliated graphite sediments. The upper 50% of this suspension was decanted and centrifuged (at 6000
rpm) for 30 min. The supernatant fraction was collected and subjected to vacuum filtration to generate the
graphene flakes on nitrocellulose filter membranes (MCE, Millipore) (STEP I, Figure 2). Five thin film
samples were prepared in this way from different filtration volumes of graphene suspensions, from 5 mL to
25 mL (STEP llI, Figure 2).

The thin film of graphene was transferred to glass substrates by placing the filter paper with graphene
flakes on the substrate under load and dried. Filter papers were etched by successive acetone and
methanol baths, leaving behind graphene thin films on substrates. The same suspension of graphene was
used to prepare G/P-H nano-mixture by mixing the graphene suspension with P-H in varying ratios of
graphene and P-H suspensions in water. Six samples of G/P-H nanocomposite were prepared by changing
the ratios of graphene and P-H suspensions as given below:

Graphene suspension/Parthenium composite: S1- 0.1 mL/10 mL, S2 - 0.1 mL /12 mL, S3 - 0.1 mL /14
mL, S4 - 0.1 mL /16 mL, S5 - 0.1 mL /18 mL and S6 - 0.1 mL /20 mL. Sample S1 has higher concentration
of graphene in the nanocomposite as compared to Sample S6.

Characterization

Morphological study was done by taking SEM micrographs taken with MIR TESCAN SEM at different
magnifications. Raman spectrum of a typical graphene base thin film was taken by (DV420-OE). The optical
analysis of the prepared samples was performed using UV-visible spectroscopy within the wavelength range
from 400 to 900 nm. The optical transmittance measurement was carried out at room temperature using the
(Data Stream-CE3000) spectrophotometer series.

Antibacterial assay

Antibacterial activity of G/P-H against non-pathogenic bacteria (Escherichia coli) and pathogenic
bacterial strains (Staphylococcus aureus and Klebsiella pneumonia) was assessed by using a modified agar
well diffusion method [34]. Briefly, 1 mL of overnight grown bacterial cultures were pipetted in LB nutrient
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agar in a glass flask and mixed well at room temperature. The mixed LB nutrient agar and inoculum was
poured into sterile glass petri dishes and wells were made using a 6 mm diameter sterile cork borer upon
solidification of agar plates containing inoculums. Then 100 uL of each test sample were introduced to the
respective wells nanocomposites of different concentrations) and plates were incubated at 37°C for 24 hours
in culture media. A measure of the area of inhibition around the wells after the incubation period was
described as antibacterial activity. Graphene (alone) in water and P-H dissolved in 5mg/mL of dimethyl
sulfoxide (DMSO) were also tested for their antibacterial activity. Distilled water and DMSO were used as
negative controls, whereas ampicillin (100 ug/mL) was used as a reference drug.

RESULTS

Scanning electron microscopy of graphene based thin films

Graphene based thin films samples with different film thickness were characterized by scanning electron
microscope (SEM) for morphological study. SEM micrographs of the samples are shown in Figure 3.

‘jueloelins se pasn H-d
yum patel|ojxa OdOH

‘jueldelins se pasn H-d
1NOYNIM PITeI|0JX8 DAOH

Figure 3. SEM images of graphene flakes exfoliated with P-H as surfactant from different filtration volumes of (a) 25
mL, (b) 20mL, (c) 15 mL, (d) 10 mL (e) 5 mL at low magnification and (f) 5 mL at higher magnification and (g-i) 15 mL
sample without surfactant, showing graphitic thin films.

All SEM images are taken at same magnification except the sample prepared from 5 mL that includes a
micrograph at low magnification to show the dispersion of graphene flakes on the substrate. From the SEM
micrographs, graphene flakes can be seen clearly, indicating that the HOPG exfoliated into multi-layers
graphene flakes of different sizes. The samples presented in panels (g-i) were prepared in the same condition
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as the previous samples (panels a-f) but without the P-H surfactant. The SEM images of these samples show
clearly that the HOPG did not exfoliate but retained as graphite films. The use of our biosynthesized P-H

surfactant is a necessary condition to effectively exfoliate the HOPG to obtain multilayers graphene flakes as
shown above.

Fourier Transform Infrared Spectroscopy analysis

The P-H extract and G/P-H nanocomposite were analyzed by FTIR to identify the functional groups of
the extract that are possibly responsible for the capping of graphene. FTIR spectra of both P-H extract and
G/P-H are shown in Figure 4.

i(A)Graphene/Parmenium Nanocomposites

A (B)Parthenium Extract

| R

oy

(B) /“w

3531.50 em™’
OH-Absorbance

Transmittance (a.u.)

!

Al

~1600 cm™
Carboxylic Acids

T

v ) g 1 v T bd 1 ) hd
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™)

Figure 4. FTIR spectra of both P-H extract and G/P-H

The FT-IR spectrum of the P-H extract, depicted peaks at 3500 to 3100, 1725, 1415 cm™ and 1000 cm-
L which represent the OH functional group in molecule and OH involving hydrogen bonds, carbonyl group (C-
0O) and stretching C-C aromatic ring vibrations, respectively. Polyphenolics and other chemicals within P-H
extract act as surfactant and prevent agglomeration of graphene.

Raman analysis

Graphene based thin films were further characterized by Raman Spectroscopy to confirm the existence
of graphene. Figure 5 shows the Raman spectrum of a typical sample, obtained by filtering very small (5 mL)
amount of suspension of graphene. Three peaks: D, G and 2D at 1350 cm?, 1580 cm™ and 2700 cm
respectively, can be clearly seen.
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Figure 5. Raman spectrum of graphene based thin film sample.

The D peak is related with imperfection formed, in the graphene flakes in the samples, during deposition
process while the G peak is attributed to sp? domains. The second-order Raman D mode (2D) is the signature
of few- or multilayer graphene. In multilayer graphene, the intensity of the G peak is expected to be greater
than the 2D peak and at the same time, the D and G peak intensity ratio (Ip/lc) describes the density of
disorder in the graphene [35]. This ratio is found to be 0.75 for the film deposited from 20 ml filtration volume
of the graphene suspension, which suggests that the defects ratio is low and the quality of our graphene is
good. The ratio of the intensities of 2D and G bands gives the concept of number of layers in graphene flake.
For a single layer of relatively “ideal” graphene, reported value of (l.p/lc) >1 [35). In the case of multilayer
graphene the ratio (l.o/lg) is found to decrease. Other authors reported low (I2o/lg) for solution-processed,
single-layer graphene flakes [36].

X-Ray diffraction (XRD) analysis

The XRD spectrum of the thinnest graphene based thin film from the set of films prepared in this work is
measured in the range of 26 from 10° to 70° as shown in Figure 6.

Intensity (a.u.)

10 20 30 40 50 60 70

Figure 6. XRD pattern of a typical sample of graphene thin films.
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The XRD profile exhibits a broad peak centered at 26=23.4" and is indexed as (002) diffraction plane
corresponding to hexagonal crystal structure of graphene and another peak at 26=42.7° indicates that there
is short range order of stacked graphene layers. The XRD spectrum of graphene sample shows a peak at
26=10.9° which corresponds to an interplanar spacing of 0.8 nm. The interplanar distance increased due to
presence of functional groups [37]. The XRD pattern of the sample shown in Figure 6 is in conformity with
the standard x-ray diffractograms of graphene samples prepared using well-known chemical surfactants such
as SDBS [38]. This shows the effectiveness of the biosynthesized P-H extract to exfoliate graphite materials
and concurrently acts to stabilize the graphene from re-aggregation.

Optical Characterization of thin films

Optical study of prepared thins film samples prepared with different filtration volumes of graphene
suspension, was conducted by UV-visible spectroscopy with the wavelength range of 400 nm to 900 nm
using Data Stream (CE3000 series) spectrophotometer. It is clear from the UV-vis spectra as shown in Figure
7, that all the samples have very low absorption in the visible region of spectrum, because graphene
transparent in visible region of the spectrum and optical absorption increases with increasing number of
layers. Optical absorption peak at 272 nm is characteristic of graphene For our graphene based thin films
samples the optical absorption increases with increasing filtration volume as the thickness of films increases
with increasing filtration volume due to overlapping graphene flakes.

3.0
2.5

2.0 4

1.5

1.0 4

Absorbance

0.5 4

0.0 y—t—y o e e .
200 1300 400 500 600 700 800 900
Wavelength [nm]

Figure 7. UV-Vis spectra of set of graphene based thin film samples prepared from different filtration volumes.

Evaluation of antibacterial activity of graphene/P. hysterophorous nanocomposite

Antibacterial activity of G/P-H nanocomposite samples (S1 to S6) having various ratios of graphene and
P-H, with highest concentration of graphene in S1 and least in S6, was investigated by agar well diffusion
method against E. coli, S. aureus and K. pneumonia. The Gram-negative bacterium E. coli is the naturally
occurring human gut bacteria and commomly used microbe in the laboratories as a model organism owing
to its non-pathogenic nature. Whereas Gram-positive and Gram-negative bacteria S. aureus and K.
pneumonia respectively, are the pathogenic strains well known to cause various skin and lung infections in
human. G/P-H nanocomposite showed varied levels of inhibition against selected bacterial strains as
summarized in Table 1.
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Table 1. Zones of inhibitions (mm) against various bacterial strains.

S1 S2 S3 S4 S5 S6 W G D P A

Bacterial
strains

K.pneumonia 35 59 55 75 80 105 00 00 00 120 140
E. coli 5.0 7.0 9.0 10.0 12.0 135 0.0 00 0.0 145 16.5
S. aureus 5.0 8.0 10.0 14.0 15.5 165 00 0.0 00 175 19.0
G/P-H nanocomposite samples (S1, Sz, Sz, S4, Ss, Se), Water (W), Graphite alone (G), DMSO (D), P. hysterophorus
(P), Ampicillin (A).

The antibacterial activity of graphite alone (G) and aqueous extract of P-H (P) was also monitored during
this study. Distilled water (W) and DMSO (D) were used as negative controls in antibacterial tests and they
were found to have no inhibitory effect on bacterial growth. Ampicillin was used as a reference drug (positive
control). It was noticed that with increasing concentration of P-H in the graphene-based suspension, the
inhibitory effect of G/P-H nanocomposite against all tested bacterial strains was increased, with maximum
inhibition caused by S6 against S. aureus (Figure 8). P-H also showed antibacterial activity with the inhibition
zones of 14.5 mm, 17.5 mm and12 mm against E. coli, S. aureus and K. pneumonia, respectively as shown
in Figure 8.

Figure 8. The effect of G/P-H nanocomposites against K. pneumonia (a,b), E. coli (c,d) and S. aureus (e,f). G/P-H
nanocomposite samples, water (W), Aqueous extract of P. hysterophorus (P), graphite alone (G), ampicillin (+tive
control), DMSO (D).

DISCUSSION

Scanning electron microscopy images demonstrate that thin films samples contain graphene flakes that
were stabilized in the suspension with the help of P-H extract. The P-H contains a large number of functional
groups with both a hydrophobic base and hydrophilic sites as shown in Figure 9 (Schematic of attachment of
functional groups of P-H with graphene layers).

Brazilian Archives of Biology and Technology. Vol.64: €21210180, 2021 www.scielo.br/babt
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Figure 9. Schematic of attachment of functional groups of P-H extract with graphene layer via Vander walls bonding.

The attachment of such groups to the graphene layers prevents/limits the aggregation of graphene in
water and creates the conditions for steric stabilization of graphene sheets, by preventing them from re-
approaching once they have been intercalated. The functional group of P-H, with hydrophobic bases adhere
to the graphene lattice via van der Waals forces and keep graphene suspended in water. It can be seen in
Figure 4 that the prominent peaks of carbonyl groups and broad spectrum of OH is reduced (almost
vanished), which gives an indication of maximum interaction of carbonyl groups with graphene surface bound
groups. Raman spectrum of our sample has the ratio of intensities of 2D and G bands (Izo/lc) equal to 0.85,
which means that the graphene flakes in our samples are likely to have large concentrations of impurities as
generally is the case with the solution processed films. From XRD result, the absence of sharp peak at 26=26"
in XRD profile of our sample is a clear indication of absence of graphite showing that HOPG was successfully
exfoliated into few layers graphene with the help of P-H extract as surfactant.

Antibacterial activity of G/P-H nanocomposite samples showed that the inhibitory effect of the
nanocomposite, against all tested bacterial strains, increased with increasing concentration of Parthenium
extract in the nanocomposite. The maximum inhibition was caused by S6 against S. aureus (Figure 8).It was
reported previously that agueous extract of P. hysterophorous leaves has high antibacterial potency owing
to the presence of bioactive compounds [37]. Whereas no antibacterial activity of graphite alone was
observed against any of the tested bacterial strains (as shown in Figure 10), showing that graphite did not
interrupt the action of P-H and might be acting as a delivery agent rendering P-H as the main active
component.

O klebsiella BE. coli S Stapiylococcus

Zone of inhibition (mm)

22222

s

D

S1 S2 S3 S4 SS S6 W G D P
Agent used

Figure 10. Antibacterial activity of various G/P-H samples (S1-S6), Graphite alone (G) and P. hysterophorous (P),
against K. pneumonia, E. coli, and S. aureus. Water (W) and DMSO (D) were used as negative controls, and 100 pg/mL
Ampicillin (A) was used as reference drug.
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The results indicated that S. aureus was highly susceptible to P-H and G/P-H nanocomposite as
compared to E. coli and K. pneumonia which showed comparatively less susceptibility. Apart from prokaryotic
bacterial cells, graphene is also known for having cytotoxic effect on eukaryotic cells owing to its
physicochemical characteristics and interactions with cell organelles. The cytotoxicity of graphene is mostly
induced by in vivo DNA damage and change of gene expression leading to lose in cell functionality and cell
death [39, 40]. It is worth mentioning that graphene does not support bacterial growth as well as it does not
hinder normal bacterial growth, as evident from Figure 10 that graphene (G) did not have any zone of
inhibition. However, P-H alone had shown higher zone of inhibition than all of the composite samples (S1 to
S6) with different concentrations of graphene. It is observed that nanocomposite samples (such as S1 and
S2) having higher quantity of graphene and less quantity of P-H in the nanocomposite showed rather less
antibacterial activity because of lower concentration of P-H (Figure 8) owing to possible chemical interactions
among compounds in P-H extract and graphene. Further studies regarding the biological activities of G/P-H
nanocomposites and chemical interactions among graphite and P-H in G/P-H nanocomposite shall provide
insights into the detailed underlying mechanisms of G/P-H nanocomposite properties.

CONCLUSION

Few layers graphene was successfully obtained through the modified hummer’s method with the use of
new type of surfactant. P. hysterophorous extract was used as a surfactant for successful exfoliation of
treated graphite and preparation of graphene suspension. A new biocompatible and eco-friendly non-ionic
surfactant is introduced in this work to be used for synthesis of graphene. Thin film samples prepared from
the graphene suspension were investigated for morphology, structure and vibrational modes by employing
SEM, XRD and Raman spectroscopy which confirmed the successful formation of graphene and exfoliation
of graphite. SEM micrographs showed graphene flakes of different sizes, indicating that the HOPG exfoliation
occurred in the presence of P-H extract. XRD pattern showed a board peak at 26 = 23.4°corresponding to
hexagonal crystal structure of graphene and another peak at 26 = 42.7° indicates that there is short range
order of stacked graphene layers. The XRD spectrum of graphene sample showed a peak at 26 = 10.9°
which is indication of increased inter-planar spacing (0.8 nm) indication restacking of graphene layers during
filtration process. Raman spectra showed that the synthesized graphene has relatively less defects. Also,
UV-vis spectra showed characteristic optical transmittance with very little absorption in the visible range.
Such biocompatible graphene can be used in biosensors, other devices and applications where the
biocompatibility of graphene films is required. In addition, bioactivity of G/P-H nanocomposite against different
bacterial strains showed that concentration of graphene in the composite can be tuned to control the
bioactivity of P-H as graphene alone did not show inhibition against bacterial growth, but G/P-H
nanocomposite with different ratios of graphene and P-H showed varied levels of inhibition. It was found that
higher concentration of graphene in the composite limited the bioactivity of P-H, which can be further
investigated to tailor the properties of P-H based bioactive substances for medical applications.
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