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Abstract
Metal oxides nanoparticles resulting from the thermal decomposition of the oleate complex precursors have attracted the attention
of many researchers in recent times, because of the distinct properties by virtue of their small size. The focus of this work was
to synthesise and characterise ZnO, CuO and F e2O3 nanoparticles through thermal decomposition of metal oleate complex,
serving as a single-source precursor in a reactor (Melt Method). This method is effective, inexpensive, and high-quality crystalline
structures are formed. Moreover, it presents several advantages. The purities of the precursors were confirmed by micro-elemental
analyses and FT-IR. The decomposition pattern of the metal-oleate complexes were analysed with TGA and the images obtained
were consistent with what have been reported in literature. The FT-IR showed the expected peaks that corresponds to Cu-O,
Zn-O and Fe-O stretches. TEM images showed well-crystalline CuO nanoparticles with cubic symmetry and the calculated
particle size of 8.2 nm from the XRD peaks. Similarly, the as-synthesised ZnO and F e2O3 nanoparticles were characterized by
XRD and the calculated particle sizes from the Debye Scherer equation were 11, and 16 nm respectively.
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1. Introduction
Metal oxide nanoparticles have recently emerged as promis-
ing prospects for a variety of industrial and medicinal
applications due to their distinct physical and chemical
characteristics as compared to bulk materials. The uti-
lization of organometallic complexes in the production
of metal oxide nanoparticles, which are utilized to man-
ufacture a variety of innovative materials, is receiving
more attention (Niloufar and Abouzar 2019; Nikolova
and Chavali, 2020). Similarly, due to their smaller size,
metal oxide nanoparticles exhibit greater novelty and in-
creased characteristics in terms of chemical, mechanical,
and biological aspects (Sharma et al., 2019). Metal oxide
nanoparticles are used as catalysts, gas sensors, sulfac-
tants, opto-electronics, superconductors, and other appli-
cations owing to their unique properties. Furthermore,
they are quite valuable in terms of anticancer measure-
ment (Abbasi et al., 2018; Chavali and Nikolova, 2019).

Two fundamental ways are widely designed to create
nanoparticles;(1) top-down approach where the prepara-
tion protocol is initiated with the bulk structure system
leaching out methodologically bit-after-bit resulting to
the formation of viable nanoparticles. This method of
producing nanoparticles encompasses photolithography,
electron beam lithography, milling processes, anodization,
ion and plasma itching; and (2) bottom-up approach
which includes the fusion of particles or assembly of atoms
and molecules to form a varied spectrum of nanoparti-
cles (Christian and Bogdan 2020). Self -assembly of
monomer/polymer molecules, chemical or electrochemi-
cal nanomaterial precipitation, sol-gel processing, laser
pyrosis, chemical vapour deposition, plasma or flame
spraying synthesis and bio-assisted synthesis are exam-
ples of bottom-up approach (Christian and Bogdan 2020;
Boles et al., 2016).

The goal of this research was to synthesis and anal-
yse metal oxides (CuO, FeO, and ZnO) nanoparticles
from single source metal-oleate precursors using a sol-
ventless approach and by thermally breaking down the
precursors in a reactor (Melt method). A good precursor
choice allows you to modify the characteristics of materi-
als, which has an impact on the nature and form of the
desired nanoparticles. It can readily be used as a building
block to transform molecules into nanomaterials in one
step (Parsa et al., 2021). In terms of the synthesis of
metal oxides, metals, and metal chalcogenides nanoparti-
cles, solventless breakdown of a single source precursor
looks to be a highly promising technique (Chen et al.,
2007; George et al., 2018). This approach is effective,
inexpensive, quick, and has less toxicity restrictions. Fur-
thermore, there is no need for a capping agent, and the
instrumental setup is simple. The interactions between

metal salts and sodium oleate complex produced zinc,
copper, and iron oleates complexes. The resulting metal
oxide nanoparticles namely ZnO, CuO, and Fe2O3 which
would be synthesized, will be subjected to several charac-
terization methods, such as TGA, FT-IR, XRD, TEM,
and micro-elemental analysis.

2. Materials and methods
All the analytical reagents employed in this study were of
the highest quality and did not need to be purified further.
The chemicals were purchased from Sigma Aldrich(South
Africa) and local vendors.

2.1 Synthesis of metal oleate complex precursor
Generally, metal-oleate complexes can be synthesised by
the reaction between metal oleate, ethanol, hexane, and
salt of the metal.

2.2 Synthesis of Iron oleate complex precursor
During the synthesis of the iron oleate complex, 4 mmol
of FeCl3 .6H2O (96 %) and 12 mmol of sodium oleate
(98 %) were dissolved in a mixture consisting of 8 mL of
ethanol (98.9 %), 6 mL distilled water and 14 mL hexane
(96 %). The resulting mixture was heated for 4 hours at
a constant temperature of 70 oC. After the 4 hours an
upper organic layer containing the iron oleate complex
was formed. It was washed three times with distilled
water using solvent extraction procedure in a separating
funnel. Hexane was evaporated off after washing. The
resulting product, iron oleate complex appeared as dark
orange solid.

2.3 Synthesis of Zinc oleate complex precursor
The synthesis of zinc oleate complex involved, dissolving
of 4 mmol of Zn (CH3COO)2 .2H2O (97 %) and 8 mmol
of sodium oleate in a mixture composing of 8 mL ethanol,
6 mL distilled water and 14 mL hexane. The solution that
resulted was heated up to a temperature of 70 oC for 4
hours. The upper organic layer containing the zinc oleate
complex was washed three times with distilled water in a
separating funnel. After washing, hexane was evaporated
off and it resulted in the formation of zinc oleate complex
with a white waxy solid.

2.4 Synthesis of Copper oleate complex precursor
Copper oleate complex was synthesised in a similar fash-
ion. 4 mmol CuCI2.2H2O (99 %) and 8 mmol of sodium
oleate were dissolved in a mixture consisting of 8 mL
ethanol, 6 mL distilled water and 14 mL hexane. The
solution formed was heated to 70 oC for 4 hours. The
upper organic layer that contained copper oleate complex
was washed three times with distilled water in a sepa-
rating funnel. After washing, hexane was evaporated off,
resulting in the formation of copper oleate complex solid
which was a waxy in nature and looked greenish blue.
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2.5 Characterization of metal oleate precursors
The thermal and chemical properties of the as-synthesised
metal oleate precursors were determined and compared
to literature.

2.6 Fourier Transform-Infrared Spectroscopy (FT-IR)
Perkin Elmer FT-IR spectrophotometer with Bruker de-
tector was used to obtain the IR spectra. The samples
were scanned as solids from 4000 - 500 cm−1. Wave
numbers of the spectra were compared to literature to
determine the different functional groups in the sample.
Some of the limitations associated with FTIR analysis
include interference distortion within the film, reflection
distortions at the boundary with the cell window, only
specific inorganic species exhibits FTIR spectra among
others.

2.7 Micro-Elemental Analysis (MEA)
Micro-elemental analyses were performed using the Micro-
elemental analytical facility. The micro-elemental analy-
ses were used to ascertain the purity of the as-synthesised
metal oleate precursors. The theoretical elemental per-
centages were compared to the experimental elemental
percentages of the different elements in the precursors.
The elements analysed were C and H. Potential errors
could arise from the flow rate, heating rate, geometry
among others.

2.8 Thermogravimetry Analysis (TGA)
Perkin Elmer TGA7 analyser was used to investigate the
thermal behaviour of precursors. Each of the samples
was heated from 25 to 600 oC under nitrogen atmosphere.
The experimental decomposition percentages of metal
oxide in each of the three samples were then compared to
the theoretical decomposition of metal oxide in the three
different precursors. One of the limitations in TGA anal-
ysis is that chemical changes which are not accompanied
by the change in mass on heating are not indicated.

2.9 Synthesis of Fe2O3 nanoparticles from Iron oleate
precursor

The precursors were subjected to heat treatment to de-
compose them to obtain nanoparticles. The reaction took
place in a horizontal tube furnace reactor. The powder
of Iron oleate precursor (0.20 g) was place in a ceramic
boat which was then inserted into the centre of a quartz
tube. The quartz tube was then placed inside the tube
furnace with one end connected to the nitrogen gas flow-
ing at the rate of 160 cubic centimetre per minute. The
furnace was then heated for the different temperatures
and times. The dark brown product obtained after the
decomposition process was then collected and analysed.
The same method was used to synthesis ZnO and CuO
nanoparticles from their respective zinc oleate and copper
oleate precursors.

2.10 Characterization of Fe2O3, ZnO and CuO nanopar-
ticles

X-ray Diffraction (XRD) of Fe2O3, ZnO and CuO
Nanoparticles Bruker D8 AXS diffractometer equipped
with monochromatic Cu-Ka radiation was used for the
XRD characterization. The samples were scanned be-
tween 20 and 85 degrees at a count rate of 10 s. The
samples were prepared by dispersing the little amount
of each of the metal oxide in hexane and spreading on a
glass slide. The size of the crystallite D was calculated
according to the Sherrer equation: D = kλ

bcosθ
Where b is the full width at half maximum, λ is the

wavelength of the radiation, θ is the angle of diffraction
and k = 0.9 is the Scherrer constant. These are some
of the limitations in XRD characterization technique; It
cannot identify amorphous materials, no depth profile
information and minimum spot size.

2.11 Transmission Electron Microscopy (TEM)
Sample treatment was done for TEM characterization by
evaporating a hexane solution of the as- prepared nanopar-
ticles of metal oxides on carbon coated copper grids. The
micrographs of the nanoparticles were obtained by using
a Philps CM200 Transmission Electron Microscope. The
images were obtained at both low and high magnifications.
The images obtained at high magnifications were used to
determine the lattice fringes.

2.12 Fourier Transform-Infrared Spectroscopy (FT-IR)
The Perkin Elmer FT-IR spectrophotometer with Bruker
detector was used to characterise the metal oxides nanopar-
ticles. The metal oxide nanoparticles were scanned as
solids from 4000–500 cm−1. Wave numbers of the spectra
were compared to literature to find out the functional
groups present in each metal oxides nanoparticles synthe-
sised.

3. Results and discussions
Fourier Transform Infra-Red (FTIR)of Metal Oleate Pre-
cursor. The functional groups in each of the three samples
were identified using the FTIR spectroscopic method on
the as-synthesized metal oleate precursors. Figure 1 de-
picts typical bands of interest.

The O-H functional group is represented by the ab-
sorption band at 3500 cm−1. The presence of the O-H
functional group on the surface of the copper oleate com-
plex indicates the presence of moisture. In Sample A, the
primary absorption bands are 2925 cm−1, which corre-
sponds to the vibrations of CH2 in the oleate, 1713 cm−1

(C=0), 1574 cm−1 for C=C, 1443 cm−1 for C-O, 722
cm−1 (O-C=O), and 596 cm−1 for Cu-O, which are com-
parable to the findings in the literature (Pereira, 2012).
Copper (II) oleate was found in Sample A. In sample B,
the IR main bands are 2924 cm−1 for C-H, 1715 cm−1

for C=O, 1575 cm−1 for C=C, 1445 cm−1 for C-O, 722
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Figure 1. FT-IR spectra for metal oxide precursors; A:
Copper oleate, B: Iron oleate and C: Zinc Oleate

cm−1 for O-C=O, and 588 cm−1 for O-C=O (Fe-O).
Because the spectra revealed no O-H stretching mode,
there were no water molecules in the Iron oleate complex.
These iron oleate wave number values are comparable
with what has been reported in the literature (Pereira,
2012; Zhanglei et al., 2012). Zinc oleate was discovered in
Sample C. The large peak at 2924 cm−1 is attributed to
CH2 vibrations in the oleate, with 1716 cm−1 for C=C,
1444 cm−1 for C-O, 722 cm−1 for O-C=O, and 667 cm−1

for Zn-O (Pereira, 2012; He and Tsuzuki, 2012).

3.1 Micro-elemental analysis of Copper, Iron and Zinc
oleate precursors

Micro-elemental analysis was used to determine the purity
of the copper, iron, and zinc oleates precursors. The rela-
tive makeup of each element in the complex is determined
by this study. To assess the purity of the as-synthesised
precursors, the predicted or theoretical elemental percent-
ages are compared to the empirically obtained ones. The
purity of the synthesised oleate complexes is determined
by how near the experimentally determined value is to
the predicted value. The copper, iron, and zinc oleates
are quite pure when compared to the data in Table 1. Be-
cause all the samples were sticky and difficult to dry, the
disparities in the readings may be ascribed to moisture.

Table 1. Micro-elemental analysis of copper, Iron and
Zinc oleates

Element %Expected %Found

Copper Oleate C 69.02 65.48
H 10.62 10.83

Iron Oleate C 72.05 69.80
H 11.06 11.17

Zinc Oleate C 68.82 72.10
H 10.59 11.64

3.2 Thermogravimetric analysis (TGA) of Copper, Iron
and Zinc oleate precursors

Figure 2. TGA of Copper, Iron and Zinc Oleate
Precursors

As shown in Figure 2, the breakdown routes of the
Zn-oleate, Fe-oleate, and Cu-oleate complexes were inves-
tigated in relation to the TGA spectra. The evaporation
of the absorbed moisture may be responsible for the ini-
tial modest weight loss in each oleate complex at about
100 °C. The TGA curves of the Fe (III), Cu (II), and
Zn (II)-oleate complexes are comparable to those seen
in the literature (Marrow and Barron, 2015). There are
two separate weight-loss protocols for the iron (III) com-
plex. The first part (beginning at 160 °C) reflects the
decomposition of a single oleate ligand from the complex,
while the second (starting around 300 °C) represents the
decomposition of the remaining two oleate ligands. The
middle region of the graph, where the slope flattens, is
attributed to the breakdown of oleate molecules that are
weakly bound or even free, according to Marrow and Bar-
ron. Copper (II)-oleate has a TGA curve similar to iron
(III)-oleate, although the temperatures associated with
weight loss are significantly higher (240 °C and 400 °C,
respectively), as well as slightly steeper weight loss rates.
The loss of the oleate moiety in the complex might explain
the substantial weight loss seen between 250 °C and 560
°C. When compared to iron and/or copper equivalents,
the zinc (II)-oleate has a distinct TGA curve. Between
150 °C and 500 °C, there is just one continuous weight
loss. However, at roughly 250 °C, a considerable reduc-
tion in Zn-oleate occurred and ended around 500 °C. The
real weight decrease was 79%. In terms of the formula
weight of zinc-oleate, if the organic component is fully
removed and just ZnO remains, the mass loss is around
88% (ChenSha et al., 2008). Furthermore, there was a
mass differential of around 8%, which was due to the
capping supplied by some of the oleate moieties in zinc
oxide.
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3.3 X-ray Diffraction (XRD) of the as-synthesised CuO
nanoparticles

The orientation and crystallinity of CuO nanoparticles
degraded at 350 oC were revealed by the diffraction
patterns. The locations of the peaks with 2 θ values
of 31o,40o,47o,53o, and 74.5o are indexed (111), (111),
(112), (020), (222), indicating the excellent crystalline na-
ture of CuO with cubic symmetry (Rahman et al., 2009).
CuO nanoparticles have a crystallite size of 8.2 nm, ac-
cording to calculations. Impurities and other phases of
copper oxide caused the peaks without the index (CuO).
CuO nanoparticles have typically been synthesised using
a combination of CuO and Cu2O nanoparticles (Yin et
al., 2005; Rahman et al., 2009; Swarnkar et al., 2009).

Figure 3. XRD of CuO nanoparticles obtained from the
decomposition of copper oleate complex at 350 oC

3.4 X-ray Diffraction (XRD) of the as-prepared ZnO
nanoparticles

XRD analysis after heating zinc oleate complex at 350
oC as shown in Figure 3. The peaks positions with 2θ
values of 27o, 28.5o, 30o and 43o are indexed as (100),
(002), (101) and (102) planes which are in good agree-
ment with literature (Kulkarni and Shiras, 2015). The
average crystallite size of the ZnO NPs was determined
to be 11 nm with respect to Debye Sherrer equation.
The remaining peaks without the index can be ascribed
to the presence of other polymorphs of zinc oxide such
as sphalerite, germanium phosphide (GeP) type among
others.

Figure 4. XRD of ZnO nanoparticles obtained from the
decomposition of zinc oleate complex at 350 oC

3.5 X-ray Diffraction (XRD) of the as-synthesised
Fe2O3 nanoparticles

Figure 4 shows an XRD pattern in iron oxide nanoparti-
cles with 2θ = 35, 43, and 63. The planes (111), (200),
and (220) are the peaks found in the angle. Peaks are
identified by comparing them to published data. There
were no additional phases found in the Fe2O3 nanoparti-
cles that were produced. The hexagonal crystal unit cell
of the nanoparticles was discovered (Saha and Bhunia,
2013). Using the Scherrer equation, the average crystal-
lite size of the as-synthesised nanoparticles was found to
be 16 nm.

Figure 5. XRD of Fe2O3 nanoparticles obtained from
the decomposition of iron oleate complex at 350 oC.
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3.6 Transmission Electron Microscopy (TEM) of the
as-synthesised CuO nanoparticles

The atomic structure of the material as well as any faults
in the material may be determined using TEM. The TEM
pictures reveal that CuO nanoparticles are crystalline,
which is consistent with the XRD results. CuO nanoparti-
cles vary in size from 8 to 25 nanometers, with an average
nanoparticle size of 22 nanometers. The majority of the
nanoparticles shown in (Figure 6) have cubic symmetry,
with a few spherical and star forms.

Figure 6. TEM of CuO nanoparticles

One of the potential errors in TEM analysis is that
many samples are not stable under a high vacuum and
high energy electron beam resulting in changes in the
sample structure composition during imaging. In addition,
the image diffraction pattern obtained is averaged through
the thickness of the specimen.

3.7 FT-IR Spectra of Cu-Oleate precursor and CuO
nanoparticles

The acquired spectra in (Figure 7) indicated that when
the temperature rose from 250 to 400 oC, the peaks
between 3300 and 2800 cm−1, which represented the
O-H functional group in the absorbed water as well as
the C-H group, rapidly faded. At 400 oC, the O-H was
entirely gone. CuO is represented by the peak at 640
cm−1. Carbonyl C=O stretching vibrations are seen in
the bands at 1585 and 1644 cm−1 in the spectra at 250 oC,
300 oC, and 350 oC (Dhineshbabu et al., 2015). Between
3300 and 2800 cm−1, the C-H group in the oleate moeity
stretching occurs. At temperatures between 250 and 350
oC, this is a sign of absorbed material on the surface of
a nanoparticle.

Figure 7. FT-IR spectra of copper oleate complex and
the as-synthesised copper oxide nanoparticles at 250 oC,
300 oC, 350 oC and 400 oC.

3.8 FT-IR spectra of Zn-Oleate precursor and ZnO
nanoparticles

The FT-IR curve for ZnO nanoparticles (Figure 8) demon-
strated that breakdown of the zinc oleate precursor was
unaffected by a temperature of 400 oC. As a result,
breakdown of the precursor at temperatures higher than
400 oC would be necessary to get nanoparticles devoid
of a large proportion of the organic moiety. When com-
pared to the spectra of the original zinc oleate precursor,
the spectra of the nanoparticles decomposed at 400 oC
indicated certain structural alterations that may be at-
tributed to the loss of some of the organic moiety in the
as-synthesised nanoparticles (Awwad et al., 2014). The
Zn-O bond is shown by the peak at 667 cm−1. Further-
more, the peaks ranging from 800 to 1300 cm−1, 1500
to 1700, 2300 to 2900 cm−1, and 2300 to 2900 cm−1,
respectively, reflect C-C, C-O and C-H stretching modes.
The presence of further oleate peaks in the spectra at 400
oC, with peak locations of 1089 and 888 cm−1, suggests
that the zinc oxide nanoparticles were encapsulated by
the oleate molecule to avoid agglomeration (Rongliang
and Tsuzuki, 2012). In all the spectra representing zinc
oleate and the nanoparticles synthesised at temperatures
of 250, 300, 350, and 400 oC, there were no peaks indicat-
ing the O-H stretching mode. This indicates that neither
the precursor nor the zinc oxide nanoparticles absorbed
water molecules.
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Figure 8. FT-IR spectra of zinc oleate complex and the
as-synthesised zinc oxide nanoparticles at 250 oC, 300
oC, 350 oC and 400 oC.

3.9 FT-IR spectra of Fe-Oleate precursor and Fe2O3
nanoparticles

The FT-IR curve for Fe2O3 nanoparticles (Figure 9)
revealed that a temperature of 400 oC had minimal ef-
fect on the precursor’s breakdown. However, when the
temperature increased from 250 °C to 400 °C, the inten-
sity of the peaks decreased, suggesting that part of the
oleate component had been lost. For full disintegration
of the oleate complex to provide the requisite iron oxide
nanoparticles, a temperature higher than 400 oC would
be desirable. FeO stretching is responsible for the band
at 462 and 560 cm−1 (Sahoo et al., 2010). Similarly, C-C
stretching is responsible for the band at 800 – 1300 cm−1.
Furthermore, the antisymmetric and symmetric C-O and
C-H stretching modes are represented by the absorption
bands ranging from 1500 to 1700, 2300 to 2900 cm−1

respectively. In all the spectra of iron oxide nanopar-
ticles, the peak indicating the O-H group was missing.
This indicates that the nanoparticles as synthesised did
not absorb water molecules and were hence exceedingly
dry. The existence of C=O and C-C in the oleate may
be attributed to the observed vibration bands in 1733
and 1300cm−1, respectively. According to the FTIR re-
sults, oleic acid served as a capping agent, preventing
aggregation (Mahdavi et al., 2013).

Figure 9. FT-IR spectra of iron oleate complex and the
as-synthesised iron oxide nanoparticles at 250 oC, 300
oC, 350 oC and 400 oC.

3.10 Potential applications of ZnO, CuO and Fe2O3
nanoparticles

Owing to their distinct properties, nanoparticles made
from organometallic complexes of the first transition met-
als family specifically, CuO, Fe2O3, and ZnO nanoparti-
cles, offer a wide range of potential uses. Zinc oxide, for
example, has a high refractive index, is non-toxic, has ther-
mal conductivity, has anti-microbial properties, has UV
protection, and has a broad band gap (3.37 eV). Zinc oxide
nanoparticles have been found to be useful in solar cells,
light emitters, piezoelectric transformers, optoelectronic
devices, cosmetic and pharmaceutical products, chemical
sensors, gas sensors, biosensors, varistors, field emitters,
and the surface of acoustic-wavelike devices, among other
applications (Janković et al., 2018). Similarly, copper
(II) oxides with a band gap of 1.2 eV which is less toxic
has also been used in catalysis, molecular adsorption,
electro-conductive, optical materials, magnetic storage
media, batteries, field emission, gas sensors, surfactants,
and medical technology (Abbasi et al., 2018; Baqer et al.,
2018; Wang et al., 2017). Iron oxide nanoparticles also
have unique properties such as non-toxicity, biocompati-
bility, super magnetism among others and thus making
them ideal candidates for many important applications.
Due to their biocompatibility and super magnetic prop-
erties, they are used in molecular imaging, hyperthermia
treatment, drug delivery, protein separation and many
others (Lakshmanam Palanisamy et al., 2023). Moreover,
they have been found useful in solar cells, catalysis, elec-
tronics, gas sensor and energy storage (Ayad & Ahmed,
2022).
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4. Conclusion
This study used a solventless method to synthesize metal
oxide nanoparticles, specifically iron (II) oxide NPs, cop-
per (II) oxide NPs, and zinc oxide NPs, which were then
characterized using a variety of traditional techniques
including TGA, FT-IR, XRD, TEM, and micro-elemental
analysis. The morphological characterizations of the pro-
duced CuO NP by TEM and XRD indicated that they
were crystalline and closely matched the XRD pattern.
CuO nanoparticles are 22 nm in size on average. Most of
the nanoparticles seen in the micrograph had cubic sym-
metry. XRD for both ZnO and Fe2O3, showed crystallite
diameters of 11nm and 16 nm, respectively.
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