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Abstract

In this study, a (Poly anthranilic acid (PANA) - Graphene Oxide (GO) nanosheets, Zinc Oxide
(Zn0O) nanorods) ternary nanocomposite was synthesized. The prepared compounds (PANA,
GO, ZnO and the (PANA-GO-ZnO) nanocomposite were characterized through Fourier
transform infrared (FTIR), X-Ray diffraction (XRD), scanning electron microscope (SEM), and
thermal analysis. The analyses revealed that GO consisted of nanostructures in sheet form, ZnO
consisted of rod-shaped structures with dimensions varying between 39 and 63 nm, and the
polymer appeared in regular, sphere-like shapes with different diameters. Thermal analysis of
the polymer showed that the polymer (PANA) partially decomposes in the temperature range
(145.3-315.6 °C), and completely decomposes at (315.6, 541.9 °C). The ternary nanocomposite
was employed to assess their efficacy against four distinct bacterial strains (Staphylococcus
aurous, Staphylococcus epidermidis, Escherichia coli, and Klebsiella sp.) and one fungal strain
(Candida albicans). It was also found that this compound has a high effectiveness in inhibiting
the tested microorganisms.

Keywords: Graphene Oxide, Poly anthranilic acid, ZnO, Ternary Nanocomposite,

Antimicrobial activity.
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Introduction

Every year, a large number of people throughout the world succumb to severe sickness, blood
poisoning, and infections brought on by bacteria and other microbes. The advent of multidrug-
resistant bacteria has been prompted by the extensive use of antibiotics, which were formerly a
standard tactic in the fight against bacterial diseases. In light of these ever-changing threats, it
is critical to develop more effective and technologically advanced antibiotics. An alternate
strategy for combating antibiotic resistance is preventing its emergence in the first place by
limiting the ability of bacteria to multiply on various substrates. One way to accomplish this is
to stop them from attaching or to slow down their development. Here, one potentially fruitful
tactic is the search for and creation of novel antibacterial materials [1].

There is a growing interest in polymers and polymer-based materials due to their critical roles
in many applications, particularly in the biomedical sector. Medicinal materials must possess
antibacterial capabilities, which are among the most important criteria. It is critical to stop the
growth of bacteria on surgical masks, urinary and intravenous catheters, prosthetics, and other
medical equipment in order to reduce the incidence of infections associated with these items
[2]. One of the most adaptable synthetic polymers is polyaniline (PANI); it is a conjugated
polymer. The exceptional environmental stability, ease of manufacturing, and straightforward
doping/dedoping chemistry are its commonly reported features. Thereby, it was a good
candidate for different applications, such as the artificial muscle technology, regulated
medication delivery, and improved neuron regeneration. However, it is also important to
consider the conductive cotton textiles treated with PANI and their antibacterial and antifungal
qualities [3]. The application of PANI as an electron donor and an electron acceptor is unique;
this property might account for its antibacterial actions. This could be attributed to the
electrostatic interaction between the bacteria and the polymer molecules. The two chemicals'
polarization charges are incompatible with one another. Hence, as the bacteria undergo this
process, their cell walls break down, releasing intracellular fluid and eventually killing the
bacterium [4].

One form of graphene that has piqued the interest of scientists is graphene oxide (GO), which

has a distinctive hexagonal atomic structure. The unique characteristics of graphene nanosheets,
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including their high aspect ratio and sharp edges, are the basis for the antibacterial and
antimicrobial capabilities of graphene oxide (GO) and reduced graphene oxide (rGO). These
features make it easier to rupture cell membranes and liberate intracellular contents [5]. Latest
studies highlight the appreciable antimicrobial effects of metal and metal oxide composites,
such as ZnO, TiO,, Ag and Ag.0, Si, Au, Cu, MgO, SiO,, CuO, and Ca0, against waterborne
microbes [6]. Different combinations of graphene oxide and metal oxides, exemplified by
TiO2/GO, have demonstrated the ability to impede the growth of Escherichia coli [7] and
Caenorhabditis elegans nematodes [8], GR/ZnO/ [9], and rGO/Ag—ZnO [10] inhibiting E. coli.
Notably, ZnO-graphene oxide emerges as a particularly effective antimicrobial agent. ZnO acts
externally on cells, releasing reactive cell content, and helping Drug Administration [11].
Mohsen, Ragia M., et al. conducted the synthesis of nanocomposites consisting of Polyaniline
and zinc oxide (PANI/ZnO NCs) through the chemical oxidative polymerization of aniline. This
process occurred in a dispersion containing varying weight percentages of ZnO nanoparticles
(NPs) — specifically, 1.5%, 3%, 5%, and 8% in relation to aniline. The ZnO NPs were produced
using the combustion method. The antibacterial efficacy of these nanocomposites against
Escherichia coli and Staphylococcus aureus was assessed. A moderate level of antibacterial
activity against E. coli was observed across all NCs. Notably, the formulation containing 8%
ZnO exhibited elevated antibacterial activity against Staphylococcus aureus [12].

Tarig, Muhammad, et al., utilized a green synthesis approach to create a ZnO@GO
nanocomposite by decorating zinc oxide onto graphene oxide. Transmission Electron
Microscopy (TEM) analysis confirmed the successful synthesis of small-sized trigonal ZnO on
the surface of GO nanosheets. The resulting ZnO@GO composite exhibited excellent
antibacterial activity against a multidrug-resistant gram-negative pathogen, E-coli (BL21 DE3),
eliminating around 95% of the bacteria within 5 hours. This effectiveness was attributed to the
electrostatic interaction between the cell membrane of E. coli (BL21 DE3) and the ZnO@GO
complex [13]. Zhong, Linlin, and Kyusik Yun employed a cost-effective and high-yield
solution precipitation method to produce nanosized ZnO particles with a 15 nm diameter.
Dimethylformamide, an organic solvent, was utilized to functionalize the particle synthesis, and

the particles were covalently linked to graphene oxide surfaces. The resulting ZnO/graphene
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oxide composites exhibited notable antibacterial activity, with microdilution method-
determined minimum inhibitory concentrations of 6.25 pg/mL for Escherichia coli and
Salmonella typhimurium, 12.5 pg/mL for Bacillus subtilis, and 25 pg/mL for Enterococcus
faecalis [14].

It is expected that when graphene oxide - zinc oxide is combined with polyaniline or one of its
derivatives (such as poly anthranilic acid), this will lead to a significant improvement in
inhibiting the growth of these microbes due to the complex dual effect that these
nanocomposites exhibit towards different microbes. Therefore, in this study, GO, ZnO and
PANA were prepared. From these compounds, the (PANA-GO-ZnO) nanocomposite is
prepared. These compounds are characterized using various techniques such as FTIR, XRD,
SEM and thermal examinations. These prepared compounds are also used against different

types of bacteria and fungi.

Experimental

Chemicals:
The study utilized solvents and chemicals obtained from different suppliers, including Riedel-
de Haén, Sigma-Aldrich, or SDH. These substances were used as received without undergoing
any modification or purification.
Methods:

1. Synthesis of graphene oxide (GO) nanosheets:
Graphene oxide (GO) was produced through the modified Hummer method using graphite as
the precursor. In a reaction flask of 250 ml was put deeply in an ice-bath at 0 °C, a mixture of
0.50 g graphite and 1.0 g sodium nitrate NaNOz was constantly stirred with 23 ml H2SO4 for
25 min. Following this, 3.0 g KMnO4 was gradually introduced into the mixture with fast
stirring at (0-5) °C. The mixture underwent moderate stirring for 1 hr. Afterward, 50 ml H>.O
was cautiously added to the mixture with vigorously stirring. To further dilute the mixture, 150
ml warm H>O was introduced, and the remaining permanganate concentrated was reduced by
dissolving manganese ions through the addition of 5 ml H,O (30%). The resulting suspension
underwent filtration, multiple washes with warm distilled water, and ultrasonic treatment to

exfoliate the graphene oxide into nanosheets. The nanosheets were subsequently dried in an
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oven at 90°C for 24 hours to yield the graphene oxide powder. The synthesis of graphene oxide
involved the utilization of graphite as the initial material through a modified Hummer method
[15]-[18].

2. Synthesis of poly anthranilic acid (PANA):

Poly anthranilic acid (PANA) (2.05 g) was synthesized via the polymerization process
involving anthranilic acid and ammonium persulfate (APS) (6 g) in an aqueous solution
containing acetic acid, conducted at room temperature. To begin, 2.05 g of anthranilic acid was
added to 50 ml of acetic acid (1 M) with continuous stirring. The oxidizing agent APS, dissolved
in 50 mL of distilled water, was subsequently introduced gradually into the monomer solution.
After the completion of the addition, the mixture was allowed to stir for 24 hours at room
temperature. The resultant product underwent filtration, underwent multiple washes with 1M
acetic acid, and was then rinsed with deionized water to eliminate any residual acetic acid. The
collected precipitate was left to air-dry at room temperature for a period of 48 hours [19], [20]
3. Synthesis of zinc oxide (ZnO) nanoparticles
Zinc acetate dihydrate (2g) was gradually introduced drop by drop into a solution having 0.8 g of
NaOH in 50 ml of deionized water, while stirring and heating at a temperature range of (60-65)
°C. The stirring process was sustained for 3 hours, Subsequently, the mixture was left to cool in
room temperature, and the resulting precipitate was then filtered, subjected to multiple washes

with deionized water, and then dried in an oven at 80 °C for a duration of 8 hours [21].

4. Synthesis of binary (GO-ZnO) Nanocomposite:
For the fabrication of the binary GO-ZnO nanocomposite, 0.2 g of GO added to a 50 mL
deionized water by employing an ultrasonic water bath at ambient temperature for a duration
of 1 hr. Subsequently, 0.2 g of ZnO nanorods was introduced to the GO solution, and the
resulting mixture was stirred for a period of 2 hrs at 25 °C before undergoing sonication for an
additional hour. To obtain the isolated binary nanocomposite (GO-ZnO), the mixture was

subjected to centrifugation and then dried at 85 °C for a duration of 24 hours as shown in Figure

(1).
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Figure 1: Schematic figure to prepare GO-ZnO nanocomposite.
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5. Synthesis of ternary nanocomposite (PANA-GO-ZnQO) using In-Situ polymerization:

0.5 g of the (GO-ZnO binary nanocomposite) underwent dispersion through sonication in
distilled water for a duration of 1 hour. Subsequently, a solution having 1.5 g of Anthranilic
acid was gradually introduced into the mixture formed in the initial step, with consistent stirring
within an ice bath, and the mixture was continuously stirred for 30 minutes. Following this, an
oxidizing agent solution comprising APS (4.5 g) dissolved in 80 mL of 0.1 M HCI was
gradually introduced into the ultimate solution within the ice bath under continuous stir until
the addition process concluded. The resulting solution was left to stir overnight. The product
obtained was then subjected to filtration, washing, and ultimately drying at 85 °C for a duration
of 24 hours. Figure (2) show the schematic diagram of synthesis of ternary nanocomposite
(PANA-GO-ZnO).
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Figure 2: Synthesis of ternary nanocomposite (PANA-GO-ZnO).

Results and Discussion

Characterization:
1. FTIR:
Figure (3) shows the infrared spectrum of GO, ZnO, PANA, and PANA-GO-ZnO nanocomposite.

In the FTIR spectrum of GO, distinct peaks are observed at 3426, 1726, 1623, 1223, and 1055 cm-
! These peaks correspond to the stretching vibrations of (v(O-H)), (v(C=0)), (v(C=C)) attributed
to the remainder of the unoxidized graphite, epoxy groups (v(C-O-C)), and alkoxy groups (v(C-
0)), respectively [22]. This figure illustrates the infrared spectrum of the synthesized zinc oxide
nanoparticles. A distinct broad absorption band is evident at 3413 cm™, corresponding to the
stretching of the O-H group of water molecules adsorbed between the zinc oxide nanoparticles.
Additionally, the spectrum reveals another band at 1586 cm attributed to the binding vibration of
the O-H group of water molecules, while a band at 460 cm™ is indicative of the stretching vibration
of the Zn-O bond [23]. In the FTIR spectrum of PANA, distinctive bands are observed at 3365,
3195, 1685, 1580, 1507, and 1242 cm™. These bands are associated with the stretching vibrations
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of O-H (v(O-H)), N-H (v(N-H)), C=0 (v(C=0)), C=C in quinoid structure (v(C=C quinoid)), C=C
in benzenoid structure (v(C=C benzenoid)), and C-H (v(C-H)), respectively [19].

Lastly, the FTIR of the ternary nanocomposite (PANA-GO-ZnO) also offered in same Figure,
which has all the characteristic bands of PANA at 3220, 1690, 1560, 1499 and 1240 cm™, as
well to the band at 463 cm™ of Zn-O in the ZnO nanorods, respectively. It is also noted that no
peaks belonging to graphene oxide appear because the polymer peaks are located in the same
region as the graphene oxide peaks. Also, the polymer peaks are stronger than the GO peaks,

so no clear presence of GO peaks was observed.

PANA-GO-ZnO ///
\// 1690
1240
3220 15
1499 463
=
3
5
E
o
=
S |ZznO
= =S
3412
1586
a
SO 1749 162 1 1055
3426
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Figure 3: FTIR of GO, ZnO, PANA, and PANA-GO-ZnO nanocomposite.
2. XRD:

In Figure 4, the XRD spectra of graphite (Gt) and graphene oxide (GO), zinc oxide (ZnO) and
poly anthranilic acid (PANA) are presented. The XRD analysis of graphite is crucial for
discerning structural changes in the prepared graphitic materials. The XRD pattern of graphite
reveals two distinct peaks at 20 angles of 26.5° and 54.6°, corresponding to interlayer distances

of 3.36 A and 1.68 A, respectively [24].
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Conversely, the XRD examination of GO reveals a significant peak at 20 = 10.01°, signifying
an interlayer spacing of 8.75 A. This particular peak is linked to the existence of oxygen
functional groups (including hydroxyl, carbonyl, epoxy, and carboxyl groups) formed on the
sheet surfaces during the oxidation process. Furthermore, graphene oxide exhibits another peak
at 20 = 22.4°, attributed to the partial exfoliation of the graphite [22].

In the XRD assessment of ZnO, several high-intensity bands are identified at 20 values of 31.7°,
34.3°, 36.2°, 47.6°, 54.1°, 56.5°, 59.9°, 62.9°, 66.4°, 68.08°, 69.1°, 72.7°, and 77.1°. These
findings are in concordance with existing literature ((JCPDS) Card number 36-1451)) and are
consistent with previously reported research. Consequently, the synthesized zinc oxide is
deemed highly pure, as there are no additional peaks observed in the examined spectrum [25].
The XRD of the pure poly anthranilic acid (PANA) shows the main peaks centered at 20 = 22.5
°,23.2°%and 24.4°. The wide peak located at 26 = 24.4° could be associated with the periodicity
perpendicular to the chain(s) of the polymer. However, poly anthranilic acid shows a broad
region at (20 = 20-30°) demonstrating its very amorphous nature. These result give a good

agreement with previously published studies [26].
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Figure 4: XRD of Gt, GO, ZnO, and PANA.
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3. SEM:

The scanning electron microscope (SEM) is a sophisticated imaging tool extensively employed
for examining the surface topography and dimensions of various samples at a nanoscale
resolution. This technology finds a widespread application in diverse scientific fields, including
materials science, nanotechnology, biology, geology, and more, aiding in comprehensive
material analysis and research [27].

Figure (5) presents the SEM examination of GO nanosheets, zinc oxide (ZnO) nanorods, poly
anthranilic acid (PANA), and PANA-GO-ZnO nanocomposite. From the SEM examination of
GO shown in Figure (5.a), it is observed that thin and smooth sheets appear without containing
any distortions contain distortions and defects on the surface of the sheet, and this indicates the
success of the preparation method used. It is also noted that there are some folds on the surface
of the painting, and this is the result of twisting the painting itself or the accumulation of one
part of the painting on another part of it, to form this structure. As for the SEM examination of
the zinc oxide nanoparticles shown in Figure (5.b), it is noted that rod-like structures appear,
which are of different lengths with diameters ranging between 39-63 nanometers. The SEM
examination of poly anthranilic acid displayed in Figure (5. ¢ and d) shows a spherical
microstructure with different diameters. The appearance of polymer particles in this form
indicates the success of the method used, in which a long time was used for the regular growth
of these particles, so the spheres seemed in a regular shape with different diameters.

On the other hand, Figure (5. e and f) shows the SEM examination of the prepared ternary
nanocomposite (PANA-GO-ZnO). It is observed from the figure that sphere-like polymer
structures appear on the surface of the graphene oxide sheet. It is also noted that there are a few
nanorods belonging to nano-zinc oxide. The lack of a clear appearance of ZnO nanorods and
graphene oxide sheets is due to the in situ polymerization process used for poly anthranilic acid,

whose particles cover the surface of graphene oxide and zinc oxide structure.
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Figure 5: SEM of (a) GO, (b) ZnO, (c, d) PANA and (e, f) PANA-GO-ZnO nanocomposite.

4. Thermal analysis
The thermogravimetric (TG) plot of poly anthranilic acid exhibits four sequential weight
reductions as depicted in Figure (6.a). During the initial phase, occurring between (50 - 87.6)
°C, a modest weight loss of 2.7% is observed, potentially linked to the evaporation of certain
water molecules situated between the polymer chains. The second stage is observed between
87.6 - 145.3 °C with a weight loss of only 4.07%. In this stage, the remaining of the water
molecules are lost in addition to the oligomers and the unreacted monomer is removed. The
third stage: temperature between 145.3 - 315.6 °C with a weight loss of 17.7%. The weight loss
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in the third stage occurs due to partial decarboxylation of the polymer, which is attributed to
the removal of carbon dioxide from the carboxyl groups in the polymer chains [28]. The final
stage was found to be extensively reduced at 315.6 — 537.5 °C leaving 0.00% of the polymer
with a weight of 75.53%. The decomposition at this stage is due to the complete decomposition
of the poly anthranilic acid, chemical bonds and aromatic rings in the polymer. The TG% data
signifies that the polymer maintains stable until reaching 315.6°C. These occurrences are
particularly evident through the broad peaks in the DTG curve [26].

The thermogravimetric (TG) plot of the PANA-GO-ZnO nanocomposite in Figure (6.b)
illustrates four successive weight reductions with rising temperature. In the initial phase,
occurring between 50-93.3 °C, a modest weight loss of 4.7% is observed, attributed to the
evaporation of water molecules potentially adsorbed on the high surface area of the
nanoparticles (GO and ZnO). As for the second stage, it was observed between 93.3-277.3 °C
with a weight loss of only 8.9%. In this stage, oligomers are lost, and the unreacted monomer
and the rest of the water fragments that may be adsorbed on the high surface area of the
nanoparticles (GO and ZnO) are removed. As for the third stage, it decreased more widely at a
temperature of 277.3 - 403.2 °C, with a weight loss of 27.1%. At this stage, partial
decomposition of the polymer occurs, as well as loss of some oxygen groups from graphene
oxide. The fourth stage appeared at 403.2-515.5 °C, with a weight loss of 19.6%. These may be
attributed to the total decomposition of the polymer and the partial decomposition of graphene
oxide. As for the last stage, 515.5 - 700 °C, the undecomposed materials (39.7%) at (515.5 —
700 °C) can be attributed to ZnO and coal [22]. These events are most clearly visible by the
broad peaks in the DTG pattern.
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Figure 6: Thermal analysis of PANA and PANA-GO-ZnO nanocomposite.

5. Antimicrobial activity:

The anti-bacterial activity of new ternary compound (PANA-GO-ZnO) with 10 mg/ml of
Dimethyl sulphoxide (DMSO) as a solvent was examined by using the agar well diffusion
method on Muller Hinton agar medium with MacFarland turbidity as a standard solution. The

zones of inhibition exhibited by the tested compound was measured in (mm), as shown in Table

(1) which presents the findings. The screening results showed the compound (PANA-GO-Zn0)

has high activity against all microorganisms (Staphylococcus aurous, Staphylococcus
epidermidis, Escherichia coli, Klebsiella sp. and Candida albicans) as shown in Figure (7).

Table 1: The inhibition zones of the PANA-GO-ZnO nanocomposite.

Microorganism Diameters of the inhibition (mm)
Gram-positive bacteria Staphylococeus aurous __ 81
Staphylococcus epidermidis > 90
Gram-negative bacteria Klebsie_zlla_pneu.monia 69
Escherichia coli 71
fungal strain Candida albicans 37
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Figure 7: Effects of the PANA-GO-ZnO nanocomposite against the microorganisms.

Conclusions

The prepared compounds (GO, ZnO, PANA and PANA-GO-ZnO nanocomposite) were
characterized using various spectroscopic methods such as FT-IR, XRD and SEM, as well as
using thermal tests (TG) to determine the thermal stability of the polymer and the ternary
composite. Through analyses, the chemical composition of the prepared materials was proven,
and from SEM measurement it was found that GO was prepared in the form of nanosheets. ZnO
was prepared in the form of nanorods, and poly anthranilic acid was prepared in the form of
balls with different diameters. Thermogravimetric (TG) analysis was also used to study the
thermal decomposition of the polymer with temperature. It was found that the polymer is stable
up to approximately 300°C. In addition, the antimicrobial activity of the PANA-GO-ZnO was
measured. It was found that the compound has high effectiveness in inhibiting the
microorganisms (Staphylococcus aurous, Staphylococcus epidermidis, Escherichia coli,
Klebsiella sp. and Candida albicans).
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