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Abstract  Hydrogel polymer nanocomposites are excit-
ing materials with specific structural characteristics that 
absorb and maintain a large amount of biological fluid or 
water. This investigation focused on comparing reinforced 
methylcellulose (MC) polymer with individual synthesis 
of graphene oxide (GO) nanosheets or iron oxide (Fe3O4) 
nanoparticles or combined between them as hybrid nano-
materials. An advanced solution-acoustic-sonication pro-
cedure was applied with several characteristics to examine 
the hydrogel-nanocomposites. Remarkable strong physi-
cal interfacial interaction between the nanomaterials with 
MC resulted in shifting in infrared Fourier transform spec-
troscopy spectra without effect on the MC semicrystal-
line behavior. Delicate homogeneous, rough surfaces and 
nanoclusters were revealed using optical and field emission 
electron microscopy. The absorption of electron transition 
at 200 nm was improved by up to 21% after incorporat-
ing hybrid nanomaterials. The optical energy gap notably 
enhanced the semiconductor area from 4.79 to 4.0 eV for 
the allowed indirect transitions and 4.05–3.05 eV for for-
bidden indirect transitions. GO@Fe3O4 hybrid nanomateri-
als revealed an interesting inhibition zone of the antibiotic, 
remarkably improving from 6 mm up to 26 and 25 mm for 
Staphylococcus aureus and Escherichia coli, respectively, 
mm compared to reinforced with one nanocomposite. These 
results of a combination of magnetic, electrical, and surface 
properties make them ideal for various applications ranging 

from optoelectronic devices and environmental remediation 
to advanced biomedical technologies.
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Introduction

Hydrogel polymers are a specific kind of polymers that form 
a 3D network structure [1]. These polymers have specific 
structural characteristics that allow them to absorb and 
maintain much biological fluid. They have wide applica-
tions in a variety of fields through their exclusive properties, 
including biocompatibility, adjusted mechanical properties, 
and high water content [2]. Several hydrogel polymers are 
stimulus-responsive to external factors such as light, temper-
ature, pH, or electric fields. Hydrogels can be responsive in 
a reversible way wherein they can change their size, shape, 
or mechanical properties according to the environment [3]. 
Thus, these synthetic polymeric hydrogels are increasingly 
being proposed for numerous applications, such as drug 
delivery [4], sensing [5], etc. The formulation and process-
ing of hydrogel polymers can be very sophisticated, and the 
production of these polymers can require a high degree of 
control over many parameters, including polymer compo-
sition, crosslinking density, and manufacturing processes. 
This will significantly increase the complexity of repeatable 
results and production scalability [6].

Some hydrogel polymers do not possess good mechanical 
properties: low tensile strength, fragility, etc., which may 
hinder their implementation in situations with high loads or 
such applications as building tissue engineering scaffolds 
[7]. Hydrogel polymers exhibit a high absorption capacity 
and might expand significantly when exposed to water or 
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biological fluids. However, swelling might occur excessively 
and lead to mechanical inhomogeneity, structural insuffi-
ciency, or bursting. Moreover, hydrogels may lose water and 
become dehydrated in dry conditions [8]. In comparison, 
the sol state is characterized by the dispersion of polymer 
chains, which are surrounded and dissolved by the solvent. 
In this state, the material exhibits fluid-like or liquid-like 
behavior. In this condition, the polymer chains are not linked 
to create a stiff structure, which enables the material to move 
quickly [9]. Solutions commonly display reduced viscosity 
and possess a more fluidic nature [10].

Since the behavior of the hydrogel polymers exposed 
to the solvent can vary, depending on their natural catego-
ries, the swelling or dissolution of the hydrogels in contact 
with the solvent may occur. Specifically, swelling is a pro-
cess where the solvent can penetrate the hydrogel network, 
whereas dissolution describes the complete disintegration 
of the former structure to develop a consistent solution 
[11]. Therefore, one can manipulate the following factors, 
including ionic strength, pH, temperature, and solvent com-
position, to regulate the transformation of hydrogel to sol 
polymer [12]. These factors can affect the chemically con-
trolled swelling pattern, dissolving kinetics, and mechanical 
behavior of the formed sol polymer. Also, hydrogen peroxide 
enzymes can disrupt or destroy the crosslinks [10].

Methylcellulose (MC) is a highly synthetic hydrogel poly-
mer with a molecular formula (C20H38O11), consisting of 
many glucose molecule links. Methylcellulose (MC) serves 
as a stabilizer, thickener, and canning agent for both food-
stuffs and cosmetics [13]. The substitution degree is deter-
mined by calculating the mean number of hydroxyl groups 
replaced with other atoms or groups per glucose molecule. 
Methyl cellulose is a colorless powder soluble in cold water 
but not in hot water. When dissolved in cold water, it forms 
a transparent and thick solution or gel [14]. It is marketed 
under many brand names as a remedy for constipation. It is 
available under various trade names as a treatment for con-
stipation. MC is indigestible and non-toxic [15]. The large 
intestine does not absorb methylcellulose, attracting large 
amounts of water to the colon. It is used as an emulsify-
ing and suspending agent in medicines and the chemical 
industry [16].

Adding a small number of nanomaterials leads to sig-
nificantly improving many properties of hydrogel polymer 
without losing the light weight of the polymer matrix and 
reducing the weaknesses of the polymers [17, 18]. The 
polymer matrix demonstrates the presence of compatibility, 
homogeneity, interaction, and fine dispersion of the nanofill-
ers [19]. The most challenging aspect of nanocomposites is 
the inherent difficulty in integrating the nanoparticles or the 
incompatibility that causes the nanomaterials to aggregate 
[20]. Enhancing the characteristics of nanocomposites can 
be a solution to address these significant obstacles [21].

Graphene is a carbon atom that has caused significant 
transformations in both academia and industry [22]. Gra-
phene is one of the most promising nanofillers with a 
hexagonal structure. Graphene oxide (GO) is a graphene 
derivative that is a single carbon layer with a 2D dimen-
sional and reduced graphene oxide (rGO). It has numerous 
active groups (oxygen groups) on its surfaces [23]. These 
materials are crucial components in the production of vari-
ous graphene-based nanomaterials [24]. Graphene oxide 
(GO) is a carbon-based material with a flat, two-dimen-
sional shape and a hexagonal crystalline structure, like a 
honeycomb or chicken wire [25]. The presence of oxygen 
in it hinders its ability to conduct electricity effectively. It 
is a material that has had a transformative impact on the 
technology field. It consists of atoms with a single layer. 
By reducing the size of iron particles to the nanoscale 
scale, it is possible to generate smaller bands and increase 
the effective band gap [26]. Crystalline graphene oxide 
is essential for producing semiconductors and microelec-
tronic devices in modern electronics [27]. Graphene is 
highly suitable for photothermal applications because of 
its substantial optical absorption in the near-infrared bands 
and its exceptional and distinctive structure [28, 29].

Fe3O4 nanoparticles are promising nanomaterials due 
to their compatibility with magnetic materials, and iron 
oxide biocompatibility is the main driving force of sig-
nificant research energies. Its two-dimensional structure, 
the color of white granules, odorless and tasteless [30]. 
The melting point of Fe3O4 is 1591 degrees Celsius, and 
its solubility in water produces a transparent to opalescent 
solution [31]. It is stable at room temperature, and when 
heated, it decomposes, emitting acrid smoke and irritating 
fumes. It is commonly used as an all-purpose food ingredi-
ent in biopharmaceuticals and animal feed. It is safe when 
used according to good manufacturing and nutritional 
practices [32]. Due to the properties of ferromagnetism, 
semi-metallicity, and biocompatibility, Fe3O4 can be suc-
cessfully applied in materials science, chemistry, physics, 
and so forth [22]. The production of Fe3O4 has taken a 
wide range of forms and sizes, and its properties have been 
thoroughly studied in these fields due to the importance 
of the performance of Fe3O4. At the same time, the num-
ber of applications and methods for its structure and the 
changes in its function have been gradually developed [33, 
34]. Several procedures have been applied to synthesize 
and control the structure or properties of Fe3O4 nanopar-
ticles in various characteristics, dimensions, etc., for the 
crucial influence of Fe3O4 in different applications, for 
instance, medical, electronic, environmental, energy, and 
so on [35, 36]. The incompatibility of Fe3O4 in the poly-
mer matrix is the main challenge facing the researchers 
in overcoming this problem using different strategies. For 
instance, Fe3O4 has been functionalized or combined with 



J Opt	

other nanomaterials, oxides, metals, and other materials to 
improve its compatibility in the polymer matrix [37, 38].

In recent times, scientists and engineers have endeavored 
to amalgamate several nanomaterials to achieve distinctive 
characteristics in nanocomposites [37, 39]. The combina-
tion of two nanomaterials, graphene oxide (GO) and iron 
oxide (Fe3O4), is achieved [40–42]. There are two prevalent 
and widely used approaches for deploying the structure and 
characteristics of materials for diverse purposes [39, 43].

HS Rajab, MFH, Abdel Qader, (2013) [14] starch was 
mixed with methylcellulose (MC) to prepare blends using 
casting technology. The samples exhibited notable altera-
tions in the combination samples’ IR spectra, suggesting 
intermolecular interactions between the starches (MC). The 
UV–Vis analysis demonstrated a reduction in the optical 
band gap values as the MC content in the mixed samples 
increased [44]. Each sample of the poly combination had 
a singular glass transition temperature. The thermogravi-
metric analysis data assessed the kinetic thermodynamic 
parameters, including activation energy, enthalpy, entropy, 
and Gibbs free energy. According to Atta A. and Hamid M. 
[45], MC, PANI, and AgNPs were successfully synthesized 
via casting technique to increase the photovoltaic role. The 
obtained results assured that the difference in energy band-
gap of the MC/PANI/Ag NPs is lower than that of the pure 
film for MC. Additionally, the Ag NPs raised the predicted 
carbon mass. The intake of Ag NPs, in addition to others 
and PANI, enhanced the optical attributes of the MC poly-
mer, forming a modernly developed component suitable for 
energy conversion systems, cells, solar, biosensors, and non-
linear optical functions. The study conducted by Sohouli 
E. et al. [46] reported a high-performance electrochemical 
bioassay system (GCE) design using a modified glassy car-
bon electrode to produce MC-GO-Fe3O nanocomposites-
hydrogel. A modified glassy carbon electrode. Differential 
pulse voltammetry (DPV) and cyclic voltammetry (CV) 
techniques were used to analyze the electrooxidation of uric 
acid (UA) that GCE modified. A developed electrode was 
investigated to measure UA, and it was reported that UA 
concentration presented a linear dependence. In addition, 
to detect a linear amplitude of 0.5–140 μM with a detection 
limit of 0.17 μM. The finding presented that the produced 
system gives an accurate, precise assay pathway of uric acid 
in the sample. Yin S. and Zhang T.(2023  reported the [42] (‏
successful fabrication of GO@ Fe3O4 2D nanocomposites, 
which are magnetically oriented. Reaction conditions and 
material ratios significantly impacted coating Fe3O4. The 
strength and direction of the magnetic field, as well as the 
solid composition of the GO@Fe3O4 sol, can control the 
features listed above. The findings indicate that GO@Fe3O4 
nanocomposites, which are magnetically orientated in two 
dimensions, have promise for use in photonic switches, gas 
barriers, and display devices.

The high absorption ability of GO, coupled with the 
remarkable magnetic properties of Fe3O4, facilitates the cre-
ation of exceptional materials for developing sensors capable 
of detecting magnetic or electrochemical fields, environ-
mental contaminants, and biological and dental substances 
[47]. Nanomaterials possess a large surface area, enabling 
them to identify heavy metals, glucose, and other analytes 
effectively [48]. Furthermore, the nanocomposite’s antibac-
terial activities increase oxidative stress, further amplified 
by many functional groups [47]. Fe2O4 bacterial membranes 
may be effectively targeted and destroyed by this substance, 
making it highly promising for applications in coatings, 
medical devices, fabrics, and surfaces [49, 50]. The wide 
range of applications stems from the distinctive amalgama-
tion of GO’s high surface area and electrical properties with 
Fe3O4’s magnetic and catalytic functions [51]. Furthermore, 
this study specifically examined the potential of optical char-
acteristics to not only attract attention for their characteriza-
tions but also their ability to activity against the bacteria by 
containing reactive oxygen groups, which are species with 
oxidative properties, and by addressing the stress induced by 
reactive oxygen radicals (ROS) [52]. The radicals mentioned 
are superoxide dismutase, hydroxyl radicals (–OH), and 
(2–0) radicals (H2O2) [53]. These components are involved 
in the chemical process of oxygen radicals, causing damage 
to the DNA and proteins of bacteria [54].

Nanoparticles should establish communication with bac-
terial cells to provide an effective antibacterial impact. Elec-
trostatic attraction [55], van der Waals forces [56], recep-
tor-ligand interactions [57], and hydrophobic interactions 
[58]. Nanoparticles penetrate the bacterial membrane and 
accumulate along the metabolic pathway, causing changes 
in the structure and functionality of the cell membrane. The 
nanoparticles (NPs) subsequently engage with enzymes, 
DNA, ribosomes, and lysosomes within the bacterial cell, 
consequential in oxidative stress, diverse alterations, modi-
fications in cell membrane permeability, disturbances in 
electrolyte balance, gene expression changes, deactivation 
of proteins, and inhibition of enzymes [59]. The primary 
mechanism of nanoparticles exert toxicity on bacteria is by 
inflicting damage to the cell membrane. In addition to caus-
ing damage to the cell membrane, the production of reac-
tive oxygen species, disruption of metal/metal ion balance, 
malfunctioning of proteins and enzymes, and genotoxicity 
are also observed [59].

There is a limitation of research on the combination of 
MC polymer with GO or Fe2O4, and a lack of studies com-
paring and complaining these two nanomaterials with MC 
in one investigation, to the best of our knowledge. How-
ever, despite previous investigations on using GO or/ and 
Fe2O3 mixing with another polymer, this is the first analy-
sis focusing on the optical properties and their relationship 
with the antibacterial inhibitory zone [60]. The variations 
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in the surface structure, porosity, or layer arrangement 
of GO and Fe2O4 nanoparticles inside the matrix might 
enhance interactions, hence improving attributes such as 
adsorption, catalytic activity, or antibacterial efficacy [61]. 
Furthermore, implementing novel or enhanced techniques 
results in variations in structural relationship characteristics, 
distribution, and performance, affecting overall effective-
ness [62]. The precise combination of MC, GO, and Fe2O4, 
along with adding extra functional groups or doping ele-
ments, can potentially improve features such as magnetism, 
conductivity, or mechanical strength compared to current 
nanocomposites [63]. The MC/GO-Fe2O4 nanocomposite 
can potentially improve optical absorption or electrical con-
ductivity, increasing its suitability for applications such as 
sensors, energy storage, or environmental remediation [64]. 
This novel nanocomposite can be customized for specific 
purposes, such as enhancing photocatalytic activity [65], 
developing drug delivery systems, or improving antimicro-
bial properties, distinguishing it from previously reported 
composites [66]

Despite several research in this field, limited studies focus 
on the impact of GO, Fe3O4, or GO@Fe3O4 on MC hydro-
gel polymer that could notably improve in industrial and 
medical applications. To better understand and reduce the 
knowledge gap about these exciting materials in this area. 
Several samples were made into three groups: first, MC was 
reinforced with GO nanosheets; second, MC-GO nanosheets 
nanocomposite; and third, MC/GO-Fe3O4 nanocomposite 
was fabricated in the shape of a sol–gel procedure for the 
first time. Applying several characterizations such as FTIR, 
XRD, FESEM, UV–Vis, and antibacterial activity.

Materials

Methylcellulose (MC) with the molecular formula 
(C3H5NO)n in white color and crystal-granular appear-
ance, physical form is a powder with assay (90–99%), ash 
as (NA2SO4): 1.5% Max, methoxyl: 25–33%, moisture as 
packed: 10.0% Max, 2% viscosity, (20 °C): 4000 mPas, pH: 
5.0–8.0, and gelation temperature: 50–55 °C, supplied from 
Vibration Chemicals, the UK. Fe3O4 spherical nanoparticles 
with 20–30 nm and purity up to 98 + with trace metals basis 
supplied by Sky Spring Nano Materials, Algeria. Our group 
synthesized graphene oxide (GO) following the procedure 
with complete characterization provided in the previous pub-
lication [19].

Methods

MC powder was first dissolved in distilled water (DW) 
for 6 h, with a hydrogel consistency. Secondly, 5% of 
Fe3O4 was dispersed in DW for 2 days and then loaded to 

hydrogel MC polymer to prepare MC/Fe3O4 nanocompos-
ites (R1). Thirdly, 5% of synthesis GO was dispersed in 
DW for a week and then added to hydrogel MC polymer 
to prepare MC/GO nanocomposites (R2). Both samples 
R1 and R2 were sonicated in a sonication bath through 
the mixing procedure for 30 min. Fourthly, 2.5% for each 
nanomaterial for Fe3O4 and synthesis GO were dispersed 
together in distilled water (DW) for two days and then 
added to hydrogel MC polymer to prepare MC/Fe3O4@GO 
nanocomposites, named (R3). The preparation of ternary 
MC/Fe3O4@GO hybrid nanocomposites (R3) involved 
using sonication in a sonication bath for an average of 
30 min, as shown in Table 1. Samples were placed in the 
plastic Petrie dish for specific tests. Figure 1 revealed pho-
tographic images during the preparation of hydrogel MC-
mixing with DW, MC-stope mixing as sol–gel MC, GO@
Fe3O4-DW nanomaterials, GO@Fe3O4-DW top view after 
left for a day, R1, R2, and R3after loaded nanomaterials as 
sol–gel nanocomposites and R1, R2, and R3 after loaded 
nanomaterials as dried films under air for 4 days, with 
thicknesses between 150–170 µm of final dried films.

Antibacterial activity

4–5 isolated colonies were designated from a 24-h cul-
ture and diluted. |The Mueller Hinton broth’s turbidity is 
0.5 Mc Farland’s standard. The agar disk diffusion method 
was utilized to make the antibacterial susceptibility test of 
synthesized nanocomposites. Using an agar well diffusion 
procedure, this examination included testing against two 
bacterial strains, negative and positive Gram [67, 68]. It 
is implemented at the Phi Nanoscience Center (PNSC), 
Baghdad, Iraq. Roughly 20 ml of Muller–Hinton agar 
(MH) were aseptically distributed into sterile Petri dishes. 
A sterile wire loop was used to get bacterial strains from 
their respective stock cultures [69]. Following the organ-
ism’s cultivation, six mm wells were synthesized on the 
agar plates using a sterile tip. The same ratio of samples 
was loaded. At 37 °C, it was left to incubate overnight; 
the inhibition zone average diameter was then designed 
[70, 71].

Table 1   Mixing concentrations of prepared hydrogel samples

Sample Code Concentration Wt. %

MC GO Fe3O4

MC 100 0 0
R1 99.95 0.05 0
R2 99.95 0 0.05
R3 99.95 0.025 0.025
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Characterization

Table 2 provides an overview of all the characterizations 
utilized in this examination.

Results and discussion

In Fig. 2, MC revealed functional groups at 3450 cm−1 cor-
related to (O–H), the hydroxyl stretching vibration group; 

the peaks at 2927 and 2832 cm−1 qualified to the (C–H), 
asymmetric vibration; the functional at 1650 cm−1 linked 
to C = C; peaks at 1460 and 1372 cm−1 allocated to C–O 
and C–H vibration, respectively, large shoulder group at 
1054 cm−1 ascribed to stretching C–O–C mode, which also 
reported related to C–O stretch as a hydro glucose ring of 
C–O–H; and peak at 0942 cm−1 linked to O-CH3 functional 
groups or hydrophilicity [14].

The contribution of GO, Fe3O4, and GO@ Fe3O4 revealed 
shifting in several peaks from 3450 to 3445, 2927 to 2915, 

  (a) (b)

(c) (d)

(e) (f)

Fig. 1   Photographic images during the fabrication procedure of a hydrogel MC-mixing with DW, b MC-stope mixing as sol–gel samples, c 
GO@Fe3O4-DW, d GO@Fe3O4-DW top view, e R1, R2, and R3 as sol–gel samples and f R1, R2 and R3 as dried films
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2832 to 2843, 1650 to 1644 and 1054 to 1048 cm−1. This 
shifting exposed the bonding interfacial interactions in H–H-
bonding could be between the GO and Fe3O4 functional 
groups with MC, the presence of hydrogen bonding contact 
between the filler and polymer matrices in various compos-
ite systems is further confirmed by the displacement of the 
O–H, C–H, and C–O stretching band (Fig. 2). These results 
matched other literature [14, 43, 46]. Moreover, GO@Fe3O4 
nanomaterials presented their contribution to the MC matrix. 
In contrast, some GO peaks overlapped with MC bands, and 
others linked with MC peaks led to shifting such as (O–H), 
C = C, C–H, and C–O. Also, this behavior was continuous 
with the adding Fe3O4 nanomaterials; in addition, there is 
a peak singe at around 569 cm−1, which is associated with 
(Fe–O) presented in both R2 and R3, confirming the exist-
ence of Fe3O4 [46].

Figure 3 observes the diffraction peak of MC spectra, 
which presents a crystalline seater and some amorphous. A 
broad peak presented 2θ = 20.66°, a crystal phase structure 
in agreement with the literature [72]. The MC/GO (R1) was 
presented with peaks at 10.70° and 42.10°, which are typi-
cal GO features [73], where the GO contribution revealed a 
shift to MC peaks from 20.66° to 20.55°. Also, the MC peak 
with the contribution of Fe3O4 exhibited very similar to that 
of the pristine of (R1) but with another shifting from 20.66° 
to 20.09° in the (R2). Whereas the GO-Fe3O4 in the (R3) 
revealed shifting in the MC peak to 21.06° compared with 
the MC sample, in addition, GO presented at 10.70° and 
43.80°, whereas the Fe3O4 peaks at 19.19°, 30.80°, 36.36°, 
57.80° and 63.38°agreement with compared with the mag-
netite (JCPDS no.- 96–900–7645) literature [74]. These 
findings suggest that the GO sheets maintain their exfolia-
tion within the polymer matrix without clumping together 
or aggregating, indicating high phase purity of cubic Fe3O4. 
Moreover, R3 represented shifting to a higher value from 
20.70° to 21.10° compared with the MC polymer; this shift-
ing is related to the contribution of GO-Fe3O4 hybrid nano-
materials. Bragg’s law calculates the crystal lattice from the 
Eq. (1) [75].

(1)2d sin � = n�

(θ) is Bragg diffraction angle (degree), (λ) is wavelength 
coincident of X-ray beam (Å), (d) is distance, and (n) is 

Table 2   Summarized the name, model, details, and manufacturing of the characters utilized

Device Model Details Manufacturing and State

FTIR Spectrum IR-10.62 500–4000 cm−1 Perkin Elmer, USA
X-ray AERIS 5–80o PANalytical, Netherland
FESEM INSPEC F50 FEl, Netherland
UV UV–2100 190–1100 nm Shimadzu, Japan
Digital calipers RS PRO Electronic Digital Vernier Cali-

per with LCD Display
Give you about .01 mm/.0005″ resolution 

and accuracy 0.03 mm
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diffraction rating. The size of the crystal (D nm) was calcu-
lated using the Scherrer formula (2) [76].

Β means the complete range at half the highest point 
(FWHM), and k equals 0.9. The lattice strain (ε) can be 
considered by Eq. (2) [76].

From the value of lattice strain in Table 3 and Fig. 3, the 
samples R1 and R2 shifted to higher values than means a 
compressive strain (negative strain) and uniform deforma-
tion throughout the crystal lattice as uniform strain (Homo-
geneous Strain). Even R3 has a higher lattice strain value 
than MC, but it is a less homogeneous strain than R1 and R2 
because it combines two different nanomaterials. Interest-
ingly, the small shifting in the R3 due to the contributions 
of hybrid nanomaterials refers to a uniform shift in peak 
positions without significant broadening, suggesting that the 
entire crystal lattice is uniformly stretched or compressed, 
altering the lattice parameters across the whole material 
[77]. Table 3 summarizes the diffraction angle (2θ), inter-
layer displacement (d), crystallite size (D), typically FWHM 
(β), and Lattice Strain of samples.

FESEM images of the MC film and nanocomposite films 
are shown in Fig. 4. The MC exposed a smooth fracture 
surface with fewer savages that could be related to the air 
poles after drying the samples. R1 samples showed changes 
in the surface fractures of the samples that become dense 
and rough with clear GO flakes presented on the surface of 
the samples in both images of the R1 sample, with the nano-
size of GO flakes. At the same time, R2 presented a surface 
fracture different from R1. Fe3O4 nanoparticles were clearly 
dispersed into the fracture surface of R2 with nanosized nan-
oparticles that matched the nanosize provided by the Fe3O4 
nanoparticles supplier. It is noted that some aggravated 
nanomaterials in both R1 and R2, as expected from nanoma-
terials that attracted each other by Van der Walls forces, and 
this finding matched the OM images. Interestingly, R3 exhib-
ited a strong impact when GO@Fe3O4 nanomaterials were 

(2)D = k�∕� cos (�)

(3)� = �∕4 tan (�)

combined, resulting in complex interactions and networks 
associated with notable changes in the fracture surfaces of 
the R3sample. The intrinsic properties of GO@Fe3O4 nano-
materials could present a complex network of nanomaterials 
inside the MC matrix resulting from the interfacial interac-
tions and combined effect of the alignment of the nanoma-
terials. This finding matched another reported finding [46]. 
The FESEM pictures exhibited clear correspondence to the 
XRD diffraction peaks, indicating the presence of diffrac-
tion patterns from both the GO flakes and Fe3O4 nanoparti-
cles on the surface of R3. Furthermore, these nanomaterials 
exhibited a reduction in crystalline size compared to other 
samples. This can be attributed to the limitation of polymer 
crystallization growth, as detailed in Table 3.

Optical properties

Optical absorption of the samples was recorded in the range 
of 200–1100  cm−1, represented in Fig.  5. The samples 
showed transition absorption peaks in the ultraviolet range 
at 200 nm. At 200 nm, MC hydrogel polymer revealed a 
π-π* plasmonic transition of about 2.8 related to the stack-
ing vibration of C = C at 1650 cm−1 or the covalent bonding 
C–H and C–O. Loading GO into the hydrogel MC revealed 
a noticeable improvement in absorption from 2.8 of MC to 
3.05 of MC/GO nanocomposites R1at 200 nm. Absorption 
b = peaks increased to 3.2 after being replaced with GO with 
Fe3O4. It is worth noting that the result of GO@Fe3O4 in 
the scattering and absorption of light resulting from nano-
composite decreases the optical transparency of the samples 
up to 3.5, around 21%, which is the best result at higher 
energy. This proves that (GO NMS and Fe3O4) are evenly 
distributed throughout the polymer (MC). Large molecular 
chains strongly interact on surfaces and are accountable for 
the properties of the Fe3O4 polymer directly and GO.

Moreover, the absorption behavior was reduced and 
steady at the higher wavelength from 300 to 1100 nm. The 
contribution of nanomaterials was also clear in increasing 
the absorption in this area. For instance, samples’ absorp-
tion increased from 0.04 of MC to 0.23 for R1, 0.42 for R2, 
and 1.09 for R3 at 700 nm, pointed around the middle of the 
wavenumber range. When the name or correlation contrib-
utes, it refers to the interface bonding between component 
matrices. The contributor electrons were a high conduction 
band excitation of the energy by attractive of known energy 
photon. The donor electrons could raise the energy level 
from low to high, so the outcomes presented strong photon 
absorption by the samples in the ultraviolet region.

The optical transmittance (T) spectrum of the polymer 
(MC) and nanocomposites was calculated using Eq. (4) [78], 
where (A) means the absorbance .

Table 3   Summarizes the diffraction angle (2θ), interlayer displace-
ment (d), crystallite size (D), typically FWHM (β), and Lattice Strain 
of samples

Samples 2θ, (˚) d, (nm) β, (°) D, (nm) Lattice 
Strain, 
[%]

MC 20.66 2.6 8.55 12.6 2.04
R1 20.55 4.68 2.35 37 6.36
R2 20.09 4.71 2.29 9.89 5.6
R3 21.06 4.50 1.12 5.63 2.7
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Fig. 4   FESEM images of sam-
ples (left side-microsize) and 
(right side-nanosize)

(MC-microsize) (MC-nanosize)

(R1-microsize) (R1-nanosize)

(R2-microsize) (R2-nanosize)

(R3-microsize) (R3-nanosize)
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The MC film and nanocomposites are known to be 
highly absorbent near the leading absorption edge as 
exposed to the absorption coefficient (α), which is calcu-
lated by Eq. (5) [79].

(t) means the thickness of the sample. The absorp-
tion coefficient for the samples is exposed in Fig. 6. It is 
noted that the absorption coefficient improves for samples 
with the contribution of Fe3O4 or GO NMS. R1 and R2 
presented approximately the same behavior, whereas the 
combination of both nanomaterials in the hydrogel MC 
indicates an increase in the charge carrier in the nano-
composites associated with a significant increase in the r 
compared with other samples. Generally, the absorption 
coefficient values for all samples are enhanced with the 
growth of the energies. As a result, there is a small oppor-
tunity for electron transfer during the rise in the height of 
the incident photon, as shown in Fig. 6.

The energy that translates into high energy potential 
electron transfer, as the energy of incident photons, is suf-
ficient to interact with atoms and is linked with the results 
of relevant investigations or samples. The energy gap is 
considered by Eq. (6) [80].

B, hυ , and Eg are a constant and photon energy, as well 
as the optical energy gap, respectively, and r = 1/2 and 
1/3 to allow and forbid indirect transitions. Figures  7 
and 8 revealed the allowed and forbidden indirect transi-
tion optical band gap of the hydrogel MC polymer and 
its nanocomposites, respectively. It was considered by 

(4)A = - log10T

(5)� = 2.303A∕t

(6)�h� = B
(

hu−Eg

)r

plotting the intersection of the stable linear part; a direct 
line was drawn from the more significant part of the curve 
in Figs. 7 and 8 to look at the energy gap. The allowed and 
forbidden indirect transition optical band gap of hydrogel 
MC polymer revealed 4.79 and 4.05 electron volts, respec-
tively. The results showed a slight decrease to  4.4 and 
4.2, and 3.6 and 3.4 eV after loading GO nanosheets and 
Fe3O4. Interestingly, GO@Fe3O4 loading into MC resulted 
in additional redaction to 4.0 and 3.05 eV, as presented in 
Table 4.

This can be related to the modification of the polymer 
by loading nanomaterials, as the mechanisms can deter-
mine the levels between the valences with it, and in light 
of this. Under the situations, the electron moves from 
the valence band to the positioning levels and engages in 
optoelectronic devices, which agreed with other results 
(Table 4) [81].

The extinction coefficient (k) of the samples was con-
sidered from relationships (7) whereas, refractive index (n) 
are considered by (8) [82] and the results were revealed in 
Figs. 9 and 10, respectively.
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λ is the wavelength, and the n is given by [83].

(7)k = ��∕4�

R means reflectance. It was found that the k and the n 
increase with an increased contribution of GO, Fe3O4, and 
GO@Fe3O4 nanomaterials due to the difference in the value 
of (n) due to the structural change criterion, as shown in 
Figs. 9 and 10, respectively. Interestingly, the best result 
significantly increased with the contribution of both GO@
Fe3O4 compared with other samples. This behavior could 
relate to an increase in the incident light absorption [84].

From the optical properties, new energy stages could be 
generated after the contribution of nanoparticles into the 

(8)n =
1+

√

R

1−
√

R

Fig. 8   The energy band gap 
(αhv) is 1/3 of the forbidden 
indirect transition for samples 
versus Eph
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Table 4   Indirect energy gap for samples

Samples Allowed (eV) Forbidden (eV)

MC 4.79 4.05
R1 4.4 3.6
R2 4.2 3.4
R3 4.0 3.05
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host material within the band gap, such as states that either 
donate or accept states. These states can be stimulated by 
photons with longer wavelengths (lower energy), causing 
the absorption edge to move towards red-shifting (lower 
energies). Nanoparticles can alter the nearby dielectric con-
ditions of the host substance [85]. This phenomenon can 
influence the polarisation of the material and subsequently 
impact the energies of the electronic transitions. As a result, 
there is a noticeable shift towards longer wavelengths, com-
monly referred to as a red shift, in the absorption edge [86].

The results of optical properties create possibilities for 
utilization in optoelectronic, solar cell, and optical sensors, 
as well as protection and filter applications.

The ideal wound sample is antibacterial since it is heavily 
contaminated with microorganisms. Consequently, investi-
gations were conducted on the antibacterial activity of 
nanomembranes. The agar diffusion process was used well to 
evaluate the MC, and it is a nanocomposite. MC, GO, Fe3O4, 
GO@ Fe3O4, and nanocomposites were examined agonist 
the S. aureus, a gram-positive and Pseudomonas aeruginosa, 
a gram-negative bacterium, as presented in Figs. 11 and 12,

In Figs. 13 and 14, MC showed both bacteria’s relatively 
weak inhibition zone. In contrast, GO showed an excellent 
ability up to 17 mm to kill both bacteria, whereas Fe3O4 
exposed a better inhibition zone that improved up to 22 
and 23, respectively. Interestingly, GO@ Fe3O4 revealed 
the best result of killing both bacteria up to 26 and 25 mm, 
respectively. R1, R2, and R3 were exposed to low relative 
results that matched MC results, as shown in Figs. 13 and 
14. This could relate to the nanomaterials in this test, which 
MC totally covered due to the hydrogel nature that assisted 
this result in comparison to the nanomaterials used where 
the nanoparticles assist in the reactive oxygen generation, 
species-oxidative, and stress from reaction oxygen radicals 
(ROS). Where radicals, including superoxide dismutase, 
hydroxyl radicals (–OH), and (2–0) radicals (H2O2). These 
are involved in the oxygen radical’s reaction, damaging the 
DNA and proteins of bacteria [87, 88]. This discovery is 
exciting for Bio-sensors and bacterial antimicrobials. The 
inhibition zone results presented promising samples, mak-
ing them interesting biosensors, bacterial disinfectants, and 
other biomedical applications.

Fig. 11   MC, GO, Fe3O4, and 
Fe3O4@GO antibacterial activ-
ity against S. aureus 

Fig. 12   MC, GO, Fe3O4, 
and Fe3O4 + GO antibacterial 
activity against Pseudomonas 
aeruginosa 
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Conclusion

The investigation successfully provided a fantastic com-
parison of the impact of two nanomaterials and their 
new nanocomposites. The Fe3O4 and synthesis GO were 
applied to fabricate new hydrolysis methylcellulose poly-
mer MC nanocomposites. FTIR presented strong interac-
tions among the components in the matrix. FESEM images 
showed a homogeneous surface and good dispersion of 
(GO and Fe3O4) In the polymer matrix, and smooth sur-
faces were clearly presented. As the concentration of nano-
particles increases with an increase in the concentration 
of additives (GO and Fe3O4), absorption increases without 
a significant impact on the transparency of the nanocom-
posites. The absorption behavior was improved by up to 
21% after incorporating hybrid nanomaterials at 200 nm. 
Moreover, the energy gap in the indirect transfer is sig-
nificantly reduced from 4.79 to 4.0 eV for the allowed 
indirect transitions and 4.05 to 3.05 eV and forbidden indi-
rect transitions, which opens the opportunity for use in 
optoelectronic applications. The results of the antibacterial 

application of the composite compounds (Fe3O4@GO) 
showed notable improvement from 6 mm up to 26 and 
25 mm of nanomaterials and to area where Staphylococ-
cus aureus and Escherichia coli are located, respectively, 
prevented the increase. Used for objects with high anti-
bacterial activity, it indicates that the work combines 
nanotechnology and biology to obtain new antimicrobials 
for medical applications. These results showed promis-
ing nanomaterials for optoelectronic devices, biosensors, 
bacterial disinfectants, and other applications.
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