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Abstract

This paper presents the synthesis of nanocurcumin with some spinel oxides (CuOFe203,
MnOFe203, ZnOFe203) as nanocomposites by hydrothermal method. Synthesized nanocomposites
were characterized by using various techniques: Fourier transformed infrared spectroscopy (FT-IR),
energy-dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD). The morphology of the
surface was evaluated by scanning electron microscope (SEM), and atomic electron microscope
(AFM). XRD has been demonstrated success in forming spinel oxide with cubic crystallites phase,
and the mean particle size calculated by the Debye-Scherrer formula (22.8-17.7 nm). Curcumin
nanocomposites display high efficacy against microbes and were the greatest for

[CuOFe203/curcumin] nanocomposite.

Keywords: Metal Oxides/Curcumin, Precursor, Nanocomposites, Autoclave, and

Antibacterial
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Introduction:

Curcumin, an active. component
mainly derived from Curcuma longa
(turmeric), is a natural yellow-
orange polyphenol, it has a long
history of being administered by
various people in China, India and
Iran for the treatment of many
diseases such as diabetes, liver

disease, rheumatoid diseases,
arteriosclerosis, infectious diseases,

cancers and disorders. [1, 2]. Many

researchers have worked on
curcumin  due to its different
therapeutic effects on different
diseases. Soon after, curcumin

received attention mostly due to its
antioxidant, anti-inflammatory, anti-
tumor, inducing apoptosis, and anti-
angiogenic, which has been reported
in several investigations. It acts on
multiple targets in the cellular
pathways making this agent capable
of performing multiple actions [3-
7]. Nanotechnology is increasingly
the technology of the future. Among
the

wide applications of

nanotechnology is the wuse of

ILS)
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nanoparticles to enhance the
bioavailability and solubility of
lipophilic compounds such as
curcumin in drug delivery systems.
Therefore, the application of
nanoparticles has gained immense
popularity in the past decade due to
their ability to improve the
therapeutic effects of coated drugs

by protecting drugs from enzymatic

hydrolysis, altering their
pharmacokinetics, reducing their
toxicity, and reducing their

nonspecific assimilation [8,9]. Over
a period of time, emphasis has been
placed on developing natural
curcumin biodistribution, but only
recently the application of the field
of nanotechnology has greatly
enhanced its therapeutic effects.
Nanoparticles such as nanoparticles,
polymeric nanoparticles, micelles,
nanoparticles, nanosomes,
cyclodextrin, dendrites, silver, and
solid lipids are emerging as one of
the beneficial alternatives that have
been shown to offer therapeutic
concentrations of curcumin. The use
of the

nanoparticles mentioned
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above has improved major problems

of curcumin such as reduced

solubility, instability, impaired
bioavailability, rapid metabolism in
wound

carcinomas, healing,

epilepsy,
iIschemia and inflammatory diseases
[10-12]. It is for these reasons that

Alzheimer's disease,

were prepared the spinel oxides
CuOFe203,  MnOFe203,

ZnOFe203 with nanocurcumin as

and
nanocomposites to enhance

curcumin solubility in aqueous
solutions and efficacy as a drug, by
preparing it via the hydrothermal
method and testing its bioavailability
of Dbacteria.

the

against a number

Nanocomposites vary from
conventional composite materials
because of the remarkably higher
surface to volume ratio of the
reinforcing phase and/or extremely
higher characteristic ratio, increased
ductility with no decrease of
strength and scratching resistance.
Recent years, various varieties of
nanocomposites such as inorganic-
and

Inorganic, organic-inorganic,

organic-organic nanocomposites

ILS)
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have been manufactured and
evaluated for variety of industrial
applications in numerous areas, such
as antimicrobial, biomedical,
pharmaceutical, packaging, coating,
and

electronics, aerospace

industries.
1.Experimental
1.1. Materials and methods

C21H2006
(368.38g/mol, Himedia), Copper (I1)
Cu
(CH3COO0)2.H20 (199.65 g/moal,
sigma alrich), Zinc acetate dihydrate
Zn (CH3CO00)2.2H20 (219.50
g/mol, Fluka), Manganese acetate
dihydrate Mn(CH3C0O0)2.2H20
(209.055 g/mol, ) and Iron (1)
chloride dihydrate FeClI3.2H20
(162.204 g/mol, CDH).

Curcumin

acetate monohydrate

1.2. Instrumental

Measurements of Fourier

transform  Infrared spectroscopy
(FT-IR) was conducted in the
Department of Chemistry/ College

of science/ University of
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Baghdad/lrag using SHIMADZU
FT-IR 8400S/Japan.

Measurements of X-ray diffraction
(XRD) were conducted in XRD
University of Kashan\ Iran using
SHIMADZU (XRD) 6000 X-Ray
Target Cu K/ o radiation
(A=1.54180A)/ JAPAN.
Measurements of Energy Dispersive
X-ray spectroscopy (EDS or EDX)
and Scanning Electron microscope
(SEM) were conducted in University
of Kashan / Iran. Atomic force
microscope /(AFM) was conducted
in Chemistry Department, College
of Science, University of Baghdad
Model AA3000/
Advanced Inc/USA.

Angstrom

1.3. Synthesis of [curcumin/

Zn0:Fe203] nanocomposite.

Weigh 0.8g (0.004 mol) from
FeCI3.2H20 and 0.43g (0.004 mol)
of Zn(CH3CO0)2.2H20 dissolved
in 40 ml of deionized water with
stirring for 30 min. Wight a 1g of
curcumin add in 35 ml of deionized
water with stirring for 30 min. Tow

solutions mixed with stirring for 1h.

ILS)
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Then the dispersion was transferred
into Teflon lined stainless autoclave
at (150-180) °C for (6-24) h.
Different parameters such as time,
studied. The
optimum conditions were 24 h and
180 °C (the heating rate = 2 °C

/min). The cell was cooled, and its

temperature  were

contents have been separated by
(4000 rpm). The

separated brown-black was washed

centrifugation

by distilled water four times and
dried in an oven at 60 °C for 12 h.

1.4. Synthesis of [curcumin/

CuO:Fe203] nanocomposite.

Weigh 0.8g (0.004 mol) from
FeCl3.2H20O and 0.4g (0.002 mol)
of Cu(CH3CO0)2.H20 dissolved in
40 ml
stirring for 30 min. Wight a 1g of

of deionized water with

curcumin add in 35 ml of deionized
water with stirring for 30 min., then
added the second solution to the first
above and
1h. The

resulted solution was transferred into

solution  prepared

continuous stirring for

Teflon lined stainless autoclave at
150 °C for 24 h, heating rate = 2 °C
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/min. The cell was cooled, and its
contents have been separated by
(4000 rpm). The

separated brown black was washed

centrifugation

by distilled water four times and
dried in an oven at 60 °C for 12h.

1.5. Synthesis of [curcumin/ MnO:

Fe203] nanocomposite.

Weigh 0.8g (0.004mol) from
FeCl3.2H20 and 0.49g (0.002 mol)
of Mn(CH3C00)2.2H20 dissolved
in 40 ml of deionized water with
stirring for 30 min. Wight a 1g of
curcumin add in 35 ml of deionized
water with stirring for 30 min., then
added the second solution to the first
solution  prepared above and
continuous stirring for 1h. Then the
solution was transferred into Teflon
lined stainless autoclave at 180 °C
for 24 h, heating rate = 2 °C /min.
The cell was cooled, and its contents

separated by
(4000 rpm). The

separated brown black was washed

have been

centrifugation

by distilled water four times and
dried in an oven at 60 °C for 12 h.

2. Characterization

ILS)
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The images and their results of
AFM for curcumin nanostructure
and its nanocomposites synthesized
were shown in figure (1). It is noted
for nanocurcumin structure, the
grooves are not homogenous as
showed by three-dimensional image,
which is mainly due to
agglomeration nanoparticles of the
curcumin surface and showed that
the diameter of the particle was in

average of 71.0 nm figure(l1a). For

[ZnOFe203 /curcumin]
nanocomposite figure (1b), the
grooves are not homogenous also as
depicted by three-dimensional
image, which is mainly due to
agglomeration of oxides
nanoparticles which coating of

curcumin surface nanoparticles and
showed that the diameter of the
particle was in average of 70.71 nm,
[MnOFe203/

nanostructure figure (1c) was shown

for curcumin]

the average diameter to be 68.17 nm,
[CuOFe203/ curcumin]

nanostructure figure (1d) showed

and for

that the diameter of the particles was
in average 70.71nm.
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Issue 2

(©)

(d)
Fig (1): (3D) AFM images of (a) Nanocurcumin. (b)[ZnOFe203/ curcumin]

nanocomposite. (¢) [MnNOFe203/ curcumin] nanocomposite. (d)

[CuOFe203/ curcumin] nanocomposite.

2.1. Analysis of (FT-IR) spectral
data for nanocurcumin composites
Infrared spectra give the most
information about the compounds
The FTIR spectra of

curcumin produced a characteristic

structure.

stretching band of OH at 3512.13
cm-1 figure (3.27). The peak at 3014
cm-1 pertains to C—H stretching, and
1600.09 cm-1 peak represents C=C
symmetric aromatic ring stretching.
The peak at 1512.06 cm-1 is for
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C=0, while enol C-O aromatic peak
was seen at 1280.65 cm-1 and
benzoate trans-C—H vibration could
be observed at 964.34 cm-1, and
peak
(O_CH3) at 1029.92 cm-1 [13,14].
No peak was observed
carbonyl region (1800-1650 cm-1),

suggesting that curcumin existed in

refer to methoxy group

in the

the keto-enol tautomeric formula

[15].

The FTIR

nanocomposites

spectra of all
synthesized
compared to the pure NCur all
characteristic peaks were observed
to shift lower or high wavenumber.
The FT-IR
[ZnOFe203/curcumin]
nanocomposite is reported in figure
(3). The  broad
(3386.77,1514.06, and 1272.95) cm-
1 are indicated to the stretching
vibrations of (O-H), (C=0) and C-O
groups respectively. The band at
2966 cm-1 is attributed to the
stretching vibration of (C-H). The
bands from 435 cm-1 to 800 cm-1
indicate to metal oxides M-O, the

spectrum of

bands at

ILS)
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band at 428 cm-1
Fe-O
octahedron position and the band at
546 cm-1 is obtained due to the

IS due to the

vibration of bond at

vibration of Zn-O bond at position

of the tetrahedron, respectively [16].

The  FT-IR  spectrum  of
[MnOFe203/curcumin]
nanocomposite shown in figure (4).
The bands at 3396.41cm-1 and
1691.46 cm-1 are related to O—H
and C=0 groups, respectively.
Absorption at 2972 cm-1 is related
to C—H bonds. Peak at 1600 cm-1 is
refer to C=C and peak at 1269 cm-1
Is attributed to the stretching
vibration of C-O group. Two peaks
at 561 and 430 cm-1 were attributed
to the intrinsic stretching vibrations
Mn-O and

octahedral sites of Fe-O structures,

of tetrahedral sites

respectively [17].

The FT-IR
[CuOFe203/curcumin]
nanocomposite shown in figure (5).
The broad bands at 3494.77 cm-1 is
refer to the stretching vibrations of
O-H group. The bands at 1695.3

spectrum  of
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cm-land the strong band at1598.88
cm-1 are related to C=0 and C=C
groups respectively, broad peak at
1271 cm-1 is attributed to the
stretching vibration of C-O group.

Issue2 2024 1% Year Pages 76-97

The absorption peaks were observed
in the range of 619, 578.6 cm-1 and
422.3-486 cm-1, these bands are
attributed to the vibration of Cu-O
and Fe-O respectively [18].

Fig (2): FT-IR spectrum of nanocurcumin (NCur).

n
by A b

My

183074
1)

Fig (3): FT-IR spectrum of [CuOFe203 / curcumin] nano composite.
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Fig (5): FT-IR spectrum of [MnOFe203 /curcumin] nanocomposite

2.2. Surface morphology analysis
via SEM and EDS

The morphology, particle size

distribution and the percentage of

the components of curcumin and its
nanocomposites were investigated
by SEM, EDX techniques. As
shown in figure (6-A), the SEM

image for nanocurcumin showed of
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surface morphology contains kinds
the EDX
spectrum showed a peak for carbon
62.26% oxygen  38.74%,
figure(7-A). The SEM image for
[CuOFe203 / curcumin] showed

that the sample contains kinds of

of spherical particles,

and

particles spherical with morphology
such as cluster as shown in figure
(6-B) [19]. Also, EDX spectrum rise
in peak intensity of copper with
5.27%, 40.40% of oxygen, 11.65%
ferrite and carbon 42.68%, figure(7-
B). The [ZnOFe203/ curcumin]
composite showed along with
mapping its components figure (6-
C). The SEM for [ZnOFe203
showed the

/curcumin] nano-

granular morphology created by the

D3 = 34 .41 nm

D2 =22.80 nm

D1 =48.02 nm

ILSJ
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aggregation  of little  globular
structures where it formed in the
form of balls and tubes figure, the
EDX spectrum showed a peak for
zinc 0.75%, ferrite 1.05%, carbon
62.31% oxygen  35.9%,
figure(7-C). The [MnOFe203 /

curcumin] composite showed along

and

with mapping its components figure
(6-D). The SEM for [MnOFe203 /
curcumin] showed coatings have a
and

globular shape

nonhomogeneous spherical

morphology. The EDX spectrum

showed a peak for manganese
1.06%, ferrite 1.88%, carbon
59.80% and oxygen

37.26%,figure(7-D).

R2 = ;?0"}1 nm
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D1 = 24 .89 nm = 29 57 nm

D2 =24 97 nm

D1 =3630nNnNm
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(d)
Fig (6): SEM images for (a) nanocurcumin. (b) [CuOFe203 / curcumin]
nanocomposite. (c) [ZnOFe203/ curcumin] nanocomposite. (d)

[MnOFe203/ curcumin] nanocomposite
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Fig (7): EDS spectra of (a) nanocurcumin, (b) [CuOFe203 / curcumin]
nanocomposite, (c) [ZnOFe203/ curcumin] nanocomposite, (d)

[MnOFe203/ curcumin] nanocomposite
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2.3. X-Ray diffraction of curcumin

nanocomposites

The XRD pattern shows a
significant amount of broadening
lines which are characteristic of
nanoparticles. The crystallite size
can be calculated according to

Debye-Scherrer formula [20]:
D=k AIBCOS 6

Where k = 0.9 Scherrer constant, A
iIs the wavelength of the Cu-Ka
radiation, B is the full width at half
maximum and 0 1is the angle
20

corresponding to maximum intensity

obtained from values

peak in XRD pattern.

The XRD pattern of [CuOFe203
/ Cur] nanocomposite shown in
figure (8).
CuOFe203 observed at 20 = 36.4°,
43° and 62° which relate to the
reflection planes (311), (400) and
(440) respectively. Crystalline phase
IS a cubic [21-23]. Most of the peaks
the CuOFe203
nanoparticles were shifted slightly to
the higher

The peaks refer to

belonging to

angle indicating the

stresses in the crystal lattice due to

ILS)
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the lower average lattice parameters
by the nanocurcumin particles. The
main  particle size of the
[CuOFe203/Cur]  nanocomposite
approximately  (22.8
The XRD pattern of
[MnOFe203/Cur]
shown in figure (9), the peaks are

MnOFe203 which

nm) in
diameter.

nanocomposite

donated to
observed diffraction peaks at the 20
= 30.2°, 35.6°, 43.3°, 53.6°, 57° and
62.7°, which are matching to crystal
planes of (220), (311), (400), (422),
(511) and (440) respectively (JCPDS
card No. 10-0319) [24,25]. The

crystalline phase is cubic. The main

particles size of the
[MnOFe203/Cur]  nanocomposite
approximately  (19.8 nm) in

diameter. In figure (10) XRD pattern
of [ZnOFe203 / Cur]
nanocomposite, which shows semi-
crystallite structures, the weak peak
iIs donated to ZnOFe203 which
observed diffraction peak at the 20 =
35.8°, which are corresponding to
crystal plane of (311) [26]. The
peaks of ZnOFe203 disappeared
with nanocomposite, which is likely

88



Rabee, Al-Abdaly, Kadhim — CuOFe203...

caused by a change from crystalline
form to amorphous form or even

possible due distribute

nanocurcumin crystals in a thin layer

on the ZnOFe203 nanoparticles.

Coumns
- |

400 + |
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The main particle size of the

[ZnOFe203/Cur] nanocomposite

approximately (177  nm) in
diameter.

]
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Fig (8): XRD Pattern of [CuOFe203 / curcumin] nanostructure
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Fig (9): XRD Pattern of [MnOFe203/curcumin] nanostructure
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Fig (10): XRD Pattern of [ZnOFe203 / curcumin] nanostructure

3. Antibacterial activity of
curcumin / spinel oxides

nanocomposites

All prepared nanostructures as

nanocomposites.  Its  biological
activity has been tested against four
Coli (),

Staphylococcus aureus (+), Bacillus

bacteria [Escherichia
cereus (+), Pseudomonas aeruginosa
(-)] and exhibited an activity. It has
been observed that the levels of
antibacterial activities of
nanocurcumin [NCur] at the highest
concentration of nanoparticles was
largest zone of inhibition (16mm)
(Pseudo), (E-coil)

(staph). The zone of inhibition in

against and

(15mm) was observed for [NCur]

against (B. cereus) at the highest

concentration of nanoparticles. The
nanocurcumin agueous diffusion had
an antimicrobial influence stronger
than the curcumin [7]. While levels
of anti-bacterial activities are
observed of the composites were
different in an inhibition zone as
shown in (Table 1). The largest zone
of inhibition (40mm) was observed
[CuOFe203/curcumin]

the

for

composite at highest
concentration against (E-coil) and
the largest
(38mm)

[CuOFe20/3cucumin]

against (Pseudo) and (staph) in the

zone of inhibition

was observed for

composite
highest of  concentration  of
nanoparticles. Also, the largest zone

of inhibition (36mm) was observed
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for [CuOFe203/curcumin]
composite against (B cereus). as

shown in the figures (11). The
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effectiveness of the composites was

as follows:

[NCur/CuOFe203] > [NCur/ZnOFe203] > [NCur/MnOFe203] with Escherichia Coli (-)

[NCur/ZnO Fe203] > [NCur/CuO Fe203] > [NCur/MnO Fe203] =

[NCur/CuO Fe203]

[NCur/CuOFe203] > [NCur/ZnO Fe203] > [NCur/MnOFe203] =

Curcumin and nanomeric curcumin
have been shown to be effective
against bacteria strains. The size of
nanocurcumin is much less than the

size of normal curcumin which

> [NCur/ZnO Fe203] > [NCur/MnO Fe203] =

Bacillus cereus (+)
Pseudomonas aeruginosa (-).

Staphylococcus aureus (+)

enhances penetration and higher
uptake by the cells [27,28]. In
addition, loading some elements
increases its effectiveness against

bacteria.

Table (2): Inhibition of pathogenic bacteria on curcumin nanocomposites.

No. formula Escheric | Bacillus | Staphylococ | pseudomonas
hia Coli | cereus cus aureus | aeruginosa (-)
) (+) (+)
1 NCur 16 15 16 16
2 NCur/MnO:Fe,0; 22 21 22 18
3 NCur/CuO:Fe,03 40 36 38 38
4 NCur/ZnO:Fe,03 24 31 27 28
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Fig (11): Zones of inhibition of antibacterial activity of( 1)
nanocurcumin, (2) [NCur/MnOF2e03], (3) [NCur/CuOFe203], and (4)
[NCur/CuOFe203] nanocomposites on Pseudomonas aeruginosa(-),

Bacillus cereus (+), Escherichia Coli (-) and Staphylococcus aureus(+)

Conclusions: The nanocomposites CuOFe203,

MnOFe203 and ZnOFe203

/
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curcumin particles were successfully

by
hydrothermal method using (copper,

synthesized Eco-friendly

nickel, and manganese) acetate and
ferric chloride as a precursor, in

addition the curcumin as a matrix.

The FTIR

indicated the composition of the

spectroscopic data

metal oxides nanoparticles and the
resulting data from SEM and XRD
also indicated that the nanoparticles
within the nanoscale and confirmed
the nanocrystalline nature of the
composite particles. Moreover, for
all nanocomposites, energy

dispersive X-ray diffraction

spectroscopy (EDX) were recorded,

where EDX-layered image and
compositional maps provided more
confirmation of CuOFe203,

MnOFe203 and ZnOFe203 /
curcumin and has been demonstrated
success in forming spinel oxide with
cubic crystallites phase, also the
mean particle size calculated by the
Debye-Scherrer formula (22.8-17.7
nm). In addition, the 3D surface

images of the AFM of these

ILS)

Issue2 2024 1% Year Pages 76-97

the

diffusion of the oxide nanoparticles

nanostructures indicated

on the surface of curcumin.

Curcumin nanocomposites
showed positive activity and high
efficacy against selected microbes
and was the greatest effectiveness of
nanocomposites  [CuOFe203 /

Curcumin].
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