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The purpose of this study is to evaluate the structure, morphology and optical properties of a
newly developed hybrid structure that was generated from a Fe2O3–Cu–PVA composite matrix.
Several methods, such as ¯eld-emission scanning electron microscopy (FESEM), X-ray
di®raction (XRD), as well as absorption and transmission spectra, were used to investigate the
samples. The addition of copper was found to have no in°uence on the crystalline arrangement
of PVA–Fe2O3, according to the ¯ndings of crystallography. In the wavelength region from
450 nm to 550 nm, the produced composites exhibit signi¯cant absorption. It is essential that
the region of shorter wavelengths experiences a steady shift toward the region of maximum
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absorption in these composites when copper is included. The transmittance of PVA–Fe2O3 is
over 80% in the region of 600–800 nm, making it an extremely transparent material. Following
the addition of 5% by weight of copper to the nanocomposite, the transmittance of the material
dropped to 50% within the same range of wavelengths. The synthesized materials were put to
use as anti-cancer cells, and they demonstrated a high level of e®ectiveness in the process of
killing tumor cells, particularly the PVA–Fe2O3–Cu combination.

Keywords: Iron oxide; PVA; nanocomposite; doping; anticancer.

1. Introduction

The discipline of nanoscience is quickly establishing
a reputation for being one of the greatest signi¯cant
¯elds of research in current sciences. Nanotechnol-
ogy is starting to make it possible for researchers,
engineers, chemists and medical professionals to
work at the cellular and molecular stages, which will
lead to signi¯cant breakthroughs in both life science
and health care in the next years. The exploitation
of nanoparticle (NP) materials and nanocomposites
gives considerable bene¯ts as a result of the one-of-
a-kind size and physicochemical characteristics of
these particles. These particles can be broken down
into extremely small pieces.1–3

There are many kinds of NPs, which can
be classi¯ed according to their size, shape, electrical
properties, optical properties and magnetic
properties.4–7

Researchers throughout the world have taken an
intense interest in magnetic nanoparticles (MNPs)
due to their utility as models for studying funda-
mental aspects of magnetic ordering processes in
magnetic materials of small dimensions. Discoveries
from these investigations can lead to information for
the creation of cutting-edge new technologies.8,9

Since MNPs are used in biotechnology, health-
care, materials science, engineering and ecological
research, their synthesis has gained a lot of atten-
tion in recent years.10

The properties of MNPs allow for their organi-
zation into a few distinct categories, including fer-
rimagnetic, ferromagnetic and superparamagnetic
NPs. As a result of the presence of unpaired elec-
trons, many elements, including iron, manganese
and gadolinium, have paramagnetic properties, in
addition to elemental MNPs there are composi-
tional MNPs like iron oxides NPs.11–13

Iron oxide NPs have been receiving a lot of at-
tention of late due to the unique qualities that they
possess. Some of these properties include super-
paramagnetism, a surface-to-volume ratio, a higher

surface area, and a simple separation approach. The
synthesis of MNPs with an appropriate surface
chemistry has been attempted using a wide variety
of physical, chemical and biological approaches.14

Hematite (–Fe2O3Þ, magnetite (Fe3O4Þ and
maghemite (–Fe2O3Þ are the three most common
forms of iron oxides that can be discovered in na-
ture. Magnetite is an iron oxide with the formula
Fe3O4. These oxides also play a very important part
in the ¯eld of scienti¯c study and development.15,16

Hematites are minerals that have a hexagonal
structure and belong to the category of iron–oxide
minerals. They are denoted by the chemical formula
Fe2O3 displaying characteristics of paramagnetic
activity. In addition to this, they possess a potent
catalytic activity, are extensively dispersed and
simple to acquire, and have a very low impact on
the surrounding ecosystem. Hematite, in particular,
may be a good choice for visible-light photocatalysis
since it can absorb visible light, gather up to 45% of
the energy in the solar spectrum, and is one of the
least expensive semiconductor materials that are
currently accessible.17,18

Fe2O3 NPs can be produced by using the chem-
ical method in colloidal form and this form of Fe2O3

has many applications in a wide range of industries
and in medicine.19–22

Colloidal Fe2O3 NPs are considered an important
type of nano°uid materials where they can use great
thermal properties and heat transfer properties in
the industry.23,24 in addition to their industrial
properties colloidal Fe2O3 NPs having many appli-
cations in the medical area.25,26 The most promi-
nent uses of Fe2O3 medically are its e®ectiveness as
an antibacterial and in biomedical imaging, and the
most important thing is to take advantage of its
magnetic properties to treat cancerous tumors.27–29

Many nanosystems have been used as anticancer
agents, Lefojane and his team used CdO/CdCO3

nanocomposites as anticancer materials and the
proposed nanosystem shows good activity on tumor
cells.30 The anticancer activity on HepG2
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(RCB1648) of NiO nanostructures was also tested
by Ayesha Sani et al.31

Here, in the current work, a new hybrid com-
posite structure has been prepared with an easy
method and low-cost raw materials for anticancer
applications.

2. Experimental Part

2.1. Preparation of PVA–Fe2O3 nano-
composite

The details of the production process of PVA–
Fe2O3 nanocomposites have been mentioned in our
previous published work.27,29 PVA polymer was
used as capping agent, iron chloride FeCl3 solution
was used as Fe ions source, NaOH solution was used
as alkaline source; these solutions were mixed on
magnetic stirrer to synthesize PVA–Fe2O3 nano-
composites.

2.1.1. Preparation of PVA–Fe2O3 –Cu
nanocomposite

The preparation of PVA–Fe2O3–Cu nanocomposites
follows the same procedure of preparing PVA–Fe2O3

but with an additional step, which is using 5% mass
ratio of copper chloride mixed with iron chloride
solution. The rest of the steps are identical to the
steps of PVA–Fe2O3 nanocomposites preparation.

3. Results and Discussions

X-ray di®raction had been applied to analyze the
crystal structure of the components that had been
synthesized. This was done in order to better un-
derstand how the materials had been formed. The
highest points and most distinctive patterns of the
deviation of the newly developed materials are
shown in Fig. 1. At an angle of 2� ¼ 22�, one may
¯nd a signi¯cant peak that corresponds to the PVA
polymer. The di®raction points that are connected
to Fe2O3 are able to be observed in a curve. Peaks at
The assigned di®ractions peaks of Fe2O3 NPs at the
2� values of 32.5� (104), 37.9� (110), 47.5� (024),
57.5� (018) and 65.5� (300) are well matched with
JCPDS card no. 24-0072 and the same peaks still
appeared after preparing the nanocomposite with
the presence of Cu but there is a slight shifting.32–36

Figure 1 presents the FT-IR spectra of pure
nanocomposites as well as nanocomposites with
copper. The wave number of the spectra was

modi¯ed from 4000 cm�1 down to 500 cm�1, as can
be seen from Fig. 2. The O–H bond stretching is
accountable for the absorbance band at 3270 cm�1,
whereas the C=O stretching is responsible for the
absorption band in the range of 1639–2858 cm−1.37

Metal oxide (M–O) stretching is responsible for the
sharp peak that may be found at 577 cm−1. The
existence of M–O stretching is irrefutable evidence
that Fe2O3 NPs have been formed.37 After adding
Cu, this peak was shifted down to 556 cm�1.

The surface properties and morphology of pre-
pared composites have been examined via the
scanning electron microscope before and after dop-
ing with Cu ions. Figure 3 shows the SEM graphs at
di®erent magni¯cation scales where Figs. 3(a)–3(c)
represent the morphology of PVA–Fe2O3 before
adding Cu and Figs. 3(e)–3(g) represent the mor-
phology of nanocomposite after adding Cu. From
the graphs in Fig. 3, the shape of nanostructures is
spherical and capped well with PVA polymer for
both composites but the nanocomposite after add-
ing Cu became more dense with a less homogenous
structure. New particles with darker color appeared
after doping which maybe represents Cu NPs
formed during the preparation process.

The optical transmission spectra of prepared
composites before and after adding Cu ions were
tested to study the e®ect of Cu ions on transparency
of materials. Figure 4 displays the spectra of
transmission of nanocomposites. Before the doping
process, the nanocomposite material has very high
transmission in the range of wavelengths (550–
800 nm) where it reached 83% but the transmission
faced a dropping to 53% at the same wavelength

Fig. 1. XRD Curve of prepared materials.
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range after inserting the Cu ions in the composite
structure.

Figure 5 depicts the Uv–Vis absorbance of the
produced nanocomposites, which were analyzed in
the range of wavelength limited between 400 nm
and 900 nm. The absorbance bands of PVA–Fe2O3

and PVA–Fe2O3–Cu nanocomposite demonstrate
that all absorption curves exhibit a signi¯cant ab-
sorption in the area of 450–550 nm.

Figure 6 displays the band gap of PVA–Fe2O3

and PVA–Fe2O3–Cu. The PVA–Fe2O3 energy

bandgap is around 2.16 eV, but it lowers when
composite with Cu, becoming equivalent to 2.06 eV.
The majority of the responsibility for shiftting in
bandgap rests with Cu.38 Because the PVA–Fe2O3–
Cu molecule's absorption range was greatly ex-
panded toward longer wavelengths, we are now able
to harvest a greater quantity of visible light and
search for potential applications in the ¯elds of en-
ergy and the environment.

Iron oxide NPs consider very e±cient materials
in anticancer and other medical applications.39
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Fig. 2. FTIR bands of (a) Fe2O3–PVA and (b) Fe2O3:Cu–PVA.
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The activity of prepared materials as anticancer
materials has been tested by applying the MTT
assay method on MSF-7 cells line, this method is a
very popular and e±cient method to test the ac-
tivity of nanomaterials on tumor cells.40 The MTT
assay is shown in Fig. 7.

Holographic representation of the relationship
between the concentration of nanocomposite and
survival cell is shown in Fig. 8. It is possible to draw
the following conclusion from the ¯gure: the number
of surviving cells will decrease as the concentration
of nanocomposite increases. The nanocomposites
after doping were more e®ective on tumor cells.

Fig. 3. FESEM images of (a)–(c) PVA–Fe2O3 and (d)–(f) PVA–Fe2O3–Cu.

Fig. 4. UV–Vis transmission spectra of nanocomposites. Fig. 5. UV–Vis absorbance spectrum of nanocomposites.
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4. Conclusions

(1) PVA–Fe2O3–Cu nanocomposites have been
successfully prepared by the chemical method
approach.

(2) The impacts of adding Cu ions were examined
on some main physical properties of nano-
composites.

(3) The crystal structure of prepared nanocompo-
sites remains the same before and after Cu ions
adding.

(4) The morphology and homogeneity of compo-
sites changed after adding Cu ions and the
material became more rough and dense.

(5) The transmission of composites was reduced
after adding Cu ions.

(6) The energy gap became smaller after adding Cu
ions.

(7) The anticancer activity was tested on tumor
cells by using the MTT assay method and it can
be concluded that the prepared composites have
good killing activity for tumor cells.
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