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In this paper, films of (PMMA-PC/In2O3-GO) nanocomposite were 
prepared  by casting with different concentrations of (In2O3-GO) NPs (0, 1.4 
%, 2.8 %, 4.2 %,and 5.6 %).Various techniques including scanning electron 
microscopy (SEM), optical microscopy, and Fourier transform infrared 
spectroscopy(FTIR ), were used to characterize the nanocomposites 
(PMMA-PC/In2O3-GO). Scanning electron microscopy (SEM) is used to 
describe the structural properties and changes in the surface morphology of 
nanocomposites. Optical microscopy is used to examine the homogeneity 
of (In2O3-GO) NPs within a blend (PMMA-PC). Using the vibrational 
modes assigned to free and hydrogen-bound hydroxyl and carbonyl 
groups, Fourier transforms infrared spectroscopy (FTIR) may be utilized 
to provide information on both blend composition and polymer-polymer 
interactions. Two different strains of pathogenic bacteria, Staphylococcus 
(G+ ve) and E. coli (G-ve) were used to investigate the effectiveness 
of(PMMA-PC/In2O3-GO). The findings showed that (PMMA-PC/In2O3-
GO) had potent antibacterial activity and may be utilized to treat illnesses 
caused by one or both of these bacterial species.

INTRODUCTION
Global challenges including environmental 

pollution and a lack of energy supplies have created 
serious problems for the human population on 
both a social and economic level [1]. Nanoparticles 
can be used in biological applications such as 
medication delivery, biosensors, and antimicrobial 
materials[2,3]. Long-term research has focused on 
the unique characteristics of metal nanoparticles 
and nanocomposites as fascinating issues from 
both a practical and theoretical perspective 
[4,5]. The most typical characteristics utilized as 
a standard for material certification are optical, 
thermal, mechanical, structural, and electrical 

properties [6,7]. Polymethyl methacrylate 
(PMMA) has been the material of choice for the 
production of polymeric nanocomposites due 
to its advantageous properties, such as perfect 
transparency in the visible region, high strength, 
good weather ability, acceptable thermal stability, 
compatibility with ceramics, and non-toxicity [8]. 
Since polycarbonate (PC), one of the most popular 
technical polymers, is amorphous, transparent, 
entirely recyclable, and derived from natural 
resources, it has received a lot of attention. It is 
capable of withstanding a variety of harsh and 
extreme environmental conditions. Additionally, 
it aids in reducing carbon impact. It has excellent 
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thermal and mechanical characteristics [9]. 
Additionally, amorphous materials offer a wide 
range of advantageous prospective uses related 
to their electrical and optical characteristics 
indium oxide (In2O3) has a wide band gap it is 
suitable for low-emissivity windows, photovoltaic 
cell, and other devices due to its high electrical 
conductivity and visible optical transparency. The 
antibacterial action of this metal oxide shows 
that it alters the composition of bacterial cell 
membranes and inhibits the function of several 
membrane-bound enzymes that are responsible 
for bacterium death[10]. Because of its two-
dimensional structure, large surface area, and 
superior electrical properties, graphene oxide(GO)  
is preferred as a filler because it improves optical 
properties that are used in many optoelectronic 

applications including organic light-emitting 
diodes, flexible transparent electronics, organic 
solar cells, chemical sensors, and antibacterial[11].

MATERIALS AND METHODS
Polymethylmethacrylate (PMMA), 

polycarbonate (PC), indium oxide (In2O3), and 
graphene oxide (GO) were employed in this 
study. The casting technique was used to prepare 
nanocomposites films (PMMA-PC/ In2O3-GO). 
The films were prepared by dissolving 1g of the 
(PMMA-PC) blend with a ratio of 80/20 % in 
chloroform using a magnetic stirrer. The (In2O3-
GO) NPs were introduced in the polymeric blend 
by (1.4%, 2.8%, 4.2%, and 5.6%). A scanning 
electron microscope (SEM HV:5.0 KV, Det: 
InBeam, MIRA3 TESCAN) was used to test the 

 

 

  

  

Fig. 1. SEM images for (PMMA-PC/In2O3-GO) Nanocomposites: (A) for pure (B) for 1.4 wt.% In2O3-GO NPs (C) 
for 2.8 wt.%  In2O3-GO NPs (D) for 4.2wt.% In2O3-GO NPs (E) for 5.6 wt.%  In2O3-GO NPs
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surface morphology of (PMMA-PC/In2O3-GO) 
nanocomposites. In this study, FTIR spectra were 
recorded by FTIR (Bruker company, German origin, 
type vertex -70) at the considered wavenumber 
range is (4000-500) cm-1. For antibacterial activity, 
using the disc diffusion technique the antibacterial 
activity of the investigated samples of (PMMA-PC/
In2O3-GO) nanocomposites was assessed. Gram-
positive (Staphylococc aureus) and gram-negative 
(Escherichia coli) bacteria were both cultivated on 
Muller-Hinton agar a. The disks of the (PMMA-PC/
In2O3-GO) nanocomposites were positioned on 
top of the medium and incubated for 24 hours at 
37°C. Measurements were made on the inhibition 
zone diameter.

RESULTS AND DISCUSSION
Fig. 1 illustrates how scanning electron 

microscopy is used to identify phase separations 
and interfaces in order to examine the compatibility 
between different polymer and nanomaterial 
components. All figures display incredibly fine 
three-dimensional representations at extreme 
magnifications. [12]. The surface structure of the 
(PMMA-PC) blend without and with the presence 
of nanoparticles can be imaged through (SEM) 
with high clarity. The surface morphology of a film 
made of a PMMA-PC blend of polymers is shown 
in (SEM) images before and after the addition 
of a concentration of (In2O3-GO) nanoparticles. 
The films show a uniform distribution of grains 

 

  

  

Fig. 2. FTIR spectra for (PC-PMMA-In2O3-GO) NPs (A)for (PMMA-PC) blend (B) for 1.4wt% (In2O3-GO) NPs ,(C) for 
2.8wt% (In2O3-GO) NPs ,(D)for 4.2wt% (In2O3-GO)  NPs , (E) for 5.6wt% (In2O3-GO) NPs.
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at the surface, while the surface morphology 
of the (PMMA-PC/In2O3-GO) nanocomposites 
films exhibits a large number of aggregates or 
pieces of randomly dispersed nanoparticles. 
the micrographs show that the films are dense, 
smooth, and have a compact structure[13].The 
results indicate that the nanoparticles tended to 
form aggregates and good dispersed (PMMA-PC/
In2O3-GO). Also Fig. 1 observed that the (In2O3-
GO) nanoparticles are randomly distributed in 
the (PMMA-PC) polymers films and concluded 
that small agglomerations is formed in this films. 
When adding the concentrations nanoparticles 

(In2O3-GO) to (PMMA-PC) polymers form a 
continuous network inside the polymers with 
more magnifications resolutions for (PMMA-PC/
In2O3-GO) polymers nanocomposites films and 
(PMMA-PC/In2O3-GO) Network has paths where 
charge carriers are allowed to pass through the 
paths that have low electrical resistance. These 
results are in agreement with results. Also with 
increasing the concentrations of nanoparticles, 
the surfaces area for all films are increasing for this 
reason increasing the absorbance for all films [14].

Fig. 2 shows Three regions are included in the 
FTIR spectra of the (PMMA-PC)blend. The first one 

 

 

 

  

Fig. 3. Photomicrographs for (PMMA-PC/In2O3-GO) nanocomposites (A)for (PMMA-PC) blend (B) for 1.4wt% In2O3-
GO nanoparticles,(C) for 2.8wt% In2O3-GO nanoparticles,(D) for 4.2wt% In2O3-GO nanoparticles, (E) for 5.6wt% 

In2O3-GO nanoparticles
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Fig. 4. Variation of inhibition zone diameter with (In2O3-GO)NPs concentrations against 
Staphylococcus for (PMMA-PC/ In2O3-GO) nanocomposites.

Fig. 5. Variation of inhibition zone diameter with (In2O3-GO)NPs concentrations against Escherichia coli for 
(PMMA-PC/ In2O3-GO) nanocomposites.
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is a broad, absorption peak band that arises at 
3285 cm-1 and is connected to the stretching of the 
O-H hydroxyl group, which is a particularly strong 
bond because it appears at a high wavelength 
range. The second zone, which has slightly stronger 
bonding, is visible between 2859 and 2882 cm-1 
in wavelength[15]. The peaks that are visible 
in this area indicate that C-H has extended into 
the PMMA-PC structure. The third area, which is 
related to C-O stretching, is characterized by weak 
bonding and may be seen at low wavelengths 
between 1050 and 1350 cm-1. Fig. 2 shows the FT-
IR of composite films made of (PMMA-PC/In2O3-
GO) C-H, NH2, and C=O are the three new bonds. 
A prominent, wide-range absorption band with 
the first region of roughly 2700-3600 cm-1 is where 
NH2 stretching is seen. In the second area, which 
is likewise a part of the PMMA-PC structure and 
is in the range of 2859-2882 cm-1, C-H stretching 
is produced. At the third zone of weak absorption 
bands and low wavelengths of around 1730-1735 
cm-1, the C=O and amidic bonds are freshly created 
.The chemical reaction between nanopowder and 
the polymeric blend does not emerge from FT-IR, 
indicating that there was just physical blending 
since the bonds that belong to nanocomposite do 
not appear and there are no new peaks in the IR 
spectrum [17].

Fig. (A, B, C, D, and E) show microscopic images 
of a (PMMA-PC) blend with varying weight 
percentages of (In2O3-GO) nanoparticles. Fig. 2 

shows the surface structure of the pure polymeric 
blend (PMMA-PC) was homogeneous and devoid 
of any agglomeration and porosity Due to the 
homogenous mixing of PMMA and PC [18]. The 
surface structure of the PMMA-PC blend with 
1.4 weight percent (In2O3-GO) nanoparticles is 
depicted Fig. 2. B. Inhomogeneous mixing between 
the PMMA-PC blend and (In2O3-GO) nanoparticles 
may be the cause of the very minute dark 
patches that have spread across the polymer host 
material following the addition of nanoparticles, 
Agglomeration size grew increasingly as the 
number of nanoparticles increased. weight 
percent as observed from Fig. 2.C,2.D.and 2.E, 
also when In2O3 and GO  nanoparticles reach to 
higher concentration the fillers materials form an 
uninterrupted network inside the polymer blend. 
This constitute paths inside the nanocomposites 
of charge carriers, this system can allow charge 
carriers to pass through the paths [19]. Figs. 4 and 
5 illustrate the antibacterial activity of (PMMA-PC/
In2O3-GO) nanocomposites samples when tested 
against gram-negative (Staphylococcus) and gram-
positive (Escherichia coli) bacteria, respectively. 
The inhibition zone grows as the concentration of 
(In2O3-GO) nanoparticles increases[20]. Reactive 
oxygen species (ROS), which are produced at 
various concentrations of (In2O3-GO) nanoparticles, 
may be the cause of the antibacterial activity 
of (PMMA-PC/In2O3-GO) nanocomposites. It’s 
possible that membrane proteins and hydrogen 
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Fig. 6. (Antibacterial activity of (PMMA -PC/In2O3- GO) nanocomposite. Zone of inhibition of (PMMA -PC/In2O3- GO) nanocomposite 
against A: Staphylococcus: , B: Escherichia coli.



644

D. Sabur et al. / Antibacterial Applications of In2O3-GO Doped PMMA-PC Blend for

J Nanostruct 14(2): 638-645, Spring 2024

peroxide’s chemical interaction is what gives 
nanocomposites their antibacterial properties. 
Bacteria are killed when the hydrogen peroxide 
generated reaches their cell membranes. The 
other conceivable mechanism of action is that 
the electromagnetic attraction between the 
nanoparticles and the microorganisms is caused 
by the positive charges carried by the (In2O3-GO) 
nanoparticles in nanocomposites and the negative 
charges held by the bacteria. The germs rapidly 
perish when the attraction is created because 
they oxidize. With an increase in the weight 
percentages of (In2O3-GO) nanoparticles, the 
findings showed that (PMMA- PC/In2O3-GO) films 
had a good antibacterial activity [21,22,23]. In 
Fig. 6 the antibacterial mechanisms of (In2O3-GO) 
Nps effect on bacteria are briefly explained  The 
(In2O3-GO) Nps attachment to the bacterial cell 
wall induced a buildup of the envelope protein 
precursors, which resulted in the rapid loss of 
proton motive force. Because phosphate groups 
and sulfur are found in the base of DNA, (In2O3-
GO) can interact with it and impact how well DNA 
replicates. Furthermore, (In2O3-GO) demonstrates 
instability in the rupturing of the plasma 
membrane and outer membrane, resulting in ATP 
depletion. Additionally, (In2O3-GO) can enter the 
cell membrane by adhering to the surface and 
preventing cell respiration. The cations (In2O3-GO) 
bind with thiol groups of bacterial proteins and 
leading to cell death [24].

CONCLUSION
This work includes the synthesis of (PMMA 

-PC/In2O3- GO) nanocomposite and studying the 
structure, and activity of (PMMA- PC/In2O3-GO) 
nanocomposites as antibacterial. The scanning 
electronic microscope SEM shows that aggregates 
or chunks on the surface that are homogenous 
and coherent. The FTIR shown the surface 
structure of the pure polymeric blend (PMMA-PC) 
is homogeneous and free of any agglomeration 
and porosity, A decrease in the intensity of peaks 
in the FT-IR spectrum confirms that after addition, 
the number of (PMMA-PC) chains increases 
in the structure of the films, and we draw the 
conclusion that the polymers after additive 
may have formed chains networks of polymers 
nanocomposites. These effects appeared in optical 
and electrical properties. (PMMA- PC/In2O3-GO) 
nanocomposites that have been synthesized also 
have effective antibacterial properties against two 

separate pathogenic bacterial strains. Therefore, 
the food, drug, and beauty industries may all 
benefit from this. According to the current study, 
biosynthesized nanoparticles can exhibit strong 
antibacterial activity, which opens up a wide range 
of options for the development of antibiotics and 
other medications to combat different pathogenic 
bacterial strains.
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