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Synthesis of CuO Nanoparticles from Copper(ll) Schiff Base Complex:
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Abstract: Copper oxide (CuO) nanoparticles were synthesized through the thermal
decomposition of a copper(Il) Schiff-base complex. The complex was formed by
reacting cupric acetate with a Schiff base in a 2:1 metal-to-ligand ratio. The Schiff
base itself was synthesized via the condensation of benzidine and 2-
hydroxybenzaldehyde in the presence of glacial acetic acid. This newly synthesized
symmetric Schiff base served as the ligand for the Cu(Il) metal ion complex. The
ligand and its complex were characterized using several spectroscopic methods,
including FTIR, UV-vis, 'H-NMR, *C-NMR, CHNS, and AAS, along with TGA,
The CuO
nanoparticles were produced by thermally decomposing the complex at 800 °C. These

molar conductivity and magnetic susceptibility measurements.

nanoparticles and other metal oxides are highly valued in various industries for their
optical, magnetic, and electrical properties. The experiment highlighted the synthesis
of CuO nanoparticles through the thermal breakdown of copper(Il) ions, starting with
copper acetate, which reacted with the ligand to form the complex. The
characterization results of CuO nanoparticles reveal a highly pure crystalline
structure with an average size of 70-90 nm.

Keywords: benzidine; copper(Il) Schiff-base complex; CuO nanoparticles; energy
gap; nanoparticles

m INTRODUCTION

Schiff bases are chemical compounds characterized

explored the synthesis of various Schiff bases through
condensation processes [4]. Among these, the complexes

by the presence of the azo-methine group (C=N) [1-2].
They are typically formed by the reaction of carbonyl
groups with primary amines. These compounds are
known for their ability to function as ligands, forming
metal complexes that stabilize metal ions in various
oxidation states. Their unique properties make them
essential in a range of catalytic and industrial processes.
Metal complexes of Schiff bases that contain oxygen
and nitrogen as donor atoms are particularly noteworthy
due to their flexibility, sensitivity to environmental changes,
and distinctive structural characteristics. Copper-binding
Schift-base ligands, in particular, have gained significant
attention for their applications in optoelectronics, catalysis,

and biomolecular studies [3]. Previous research has

derived from benzidine and benzaldehyde, have been
investigated. These complexes are of interest not only for
their coordination properties but also for their potential
in catalysis and other functional applications.
Nanoparticles have emerged as a significant area of
interest due to their diverse applications, including
photocatalysis. Copper(II) oxide (CuO) nanoparticles
are especially noteworthy, finding use in photocatalytic
processes, dye-sensitized solar cells, gas sensors,
thermoelectric devices, and more. CuO nanoparticles
can be synthesized in various forms, such as rods,
nanoplates, and tubes, using techniques like chemical
methods, electrochemical

precipitation,  sol-gel

synthesis, microwave-assisted thermal processes, and
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green synthesis. The thermochemical breakdown [5] of
copper(II) complexes has also been extensively studied to
produce CuO nanoparticles. The synthesis of CuO
nanoparticles is effective, straightforward, and often
solvent-free, as demonstrated by several studies [6].

The
characterization techniques, including "H- and "C-NMR,

current research employs advanced
UV-vis, and FTIR spectroscopy, to analyze the molecular
structure of these compounds. Additionally, combustion
synthesis (illustrated in Scheme 1) was utilized to produce
CuO nanoparticles. The shape and structure of the
nanoparticles were examined using X-ray diffraction
(XRD), scanning electron microscopy (SEM), energy
dispersive X-ray spectroscopy (EDX), transmission
electron microscopy (TEM), and Brunauer-Emmett-
Teller (BET) analysis.

The use of copper-Schiff base complexes offers a
practical and efficient method for synthesizing CuO
nanoparticles. This approach allows for better control
over the size and morphology of the nanoparticles while
requiring milder reaction conditions and producing
higher-purity products. Furthermore, Schiff base ligands
provide the versatility needed to modify nanoparticle
properties, such as surface chemistry and catalytic
activity, enabling the development of multifunctional
materials. The simplicity of this synthesis method,
combined with the potential use of naturally occurring
ligands, makes it an environmentally friendly and scalable
approach. However, the success of this method depends
on the choice of specific Schiff base ligands and reaction
conditions.

m EXPERIMENTAL SECTION

Materials

The ethanol, 2-
hydroxybenzaldehyde, diethyl ether, acetic acid, and
(Cu(CH3COQ), were used in this experiment (99%,
Merck, Germany). The materials remained used without

benzidine, absolute

purification.
Instrumentation

The UV-vis spectra of the synthesized compounds

were measured using a SHIMADZU UV-1800

spectrophotometer in the range of 300-800 nm. FTIR
spectra were recorded with a SHIMADZU 8400 FTIR
spectrophotometer, utilizing KBr discs for analysis
within the 400-4000 cm™' range. Electrical conductivity
WTW
conductivity meter in DMF solutions (1 x 10~ C) at

measurements were performed using a
25 °C in the Chemistry Department of Al-Mustansiriya
University. Thermal analysis of both the ligand and the
complex was conducted using a STA TT-1000
thermogravimetric analyzer (Japan, Jordan). NMR
spectra of the synthesized compounds were recorded on
a BRUKER AV 400 Avance-III (500 MHz and 125 MHz)
instrument at the National Institute of Technology in
Tehran, Iran, with DMSO-ds as the solvent and TMS as
the internal standard. The morphology of CuO
nanoparticles was observed using a TEM (model 912A-
B, Germany) at the University of Tehran and an SEM
(MIRA3, TESCAN, Czech) at the Institute of Technology,
Jordan. XRD analysis was performed using a Bruker 2D
Phaser X-ray Diffractometer (Germany) at the Central
Organization for Standardization and Quality Control
(COSQCQ). The surface area of the samples was analyzed
using a BET surface area analyzer (AIS-2300, Japan,
Jordan). Metal content was measured using atomic
absorption spectroscopy (AAS) with a Nova 350
spectrophotometer at the Ibn Sina State Company.
Procedure
Synthesized of 2,2'-((1E,1'E)-([1,1'-biphenyl]-
4,4'diylbis(azaneylylidene))bis(methaneylylidene))di
phenol ligand and its complex

In a 250 mL round-bottom flask, benzidine
(0.082 mmol, 4.8g) and 2-hydroxybenzaldehyde
(0.076 mol, 25 mL) were blended and dissolved using
the condensation method (see Scheme 1) in 35 mL of
ethanol, along with four drops of glacial-ethanoic acid.
The mixture was refluxed and heated for 8 h. Afterward,
the resulting precipitate was filtered, dried, and
recrystallized under reduced pressure for purification.
The compound solidified after the solvent was removed
under low pressure. An ethanol solution was used to
recrystallize it, with a melting point of 173-176 °C [6].
The product was named Schiff base ligand (L). To
prepare the chelation complex, an aqueous solution of
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NH2+ 2 C@

EtOH reflux 8 h

4 drops
Glacial acetic acid
HO

Benzidine 2-hydroxybenzaldehyde
2Cu(CH3C00),
reflux 6 h
OH
2,2'-((1E,1'E)-([1,1'-biphenyl]-4,4'-diylbis(azaneylylidene))bis(methaneylylidene))diphenol
(Ligand)
H3CCOO

HsCCOO— Cu—o

O—Cu —OOCH,CH3

OOCCH,

Cu-ligand complex

Decomposition at 800 °C

CuO

Copper(ll) oxide NPs

Scheme 1. Synthesis ligand Schiff base, copper complex, and CuO nanoparticles

the copper acetate (Cu(CH3COO),) (4 g, 0.042 mol) was
mixed with an ethanolic solution of the ligand (3 g,
0.018 mol) in a 2:1 (M:L) ratio, as illustrated in Scheme 1.
The mixture was refluxed at 110 °C and stirred for 6 h. A
white solid precipitate formed from the heated ethanol,
with a melting point of 195-202 °C. After cooling to room
filtered, dried, and

temperature, the solid was

recrystallized [7].

Synthesis CuO nanoparticle
CuO nanoparticles were synthesized by heating the
Cu-Schiff base

Approximately 1.2 g of the powder was placed in a

white powders of a complex.
platinum crucible, which was then positioned in an
electric furnace. In the presence of air, the powder was
heated at 10 °C/min, with the temperature gradually

increasing to 800 °C over 3 h. As shown in Scheme 1, the

resulting CuO nanoparticles were washed with ethanol
and air-dried [8].

m RESULTS AND DISCUSSION
FTIR Spectra of Ligand and Its Copper Complex

The presence of ligand was confirmed by the
identification in Fig. 1 of a new vibration band at
1658 cm™ associated with the v(C=N) imine group. Other
bands at 1405 and 3067 cm™! were ascribed to the v(C=C)
str. and v(C-H aromatic) str., respectively. The FTIR
analysis of the copper complex was conducted using a
potassium bromide disc. The stretching frequency of the
v(C=N) group [9] at 1658 cm™" for the free ligand (L) was
relocated to 1642 cm™ due to the engagement of the
imine group in coordination with the metal. In the
spectrum of the complex, it was observed that the band of
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the phenolic group present at 3144 cm™ in the spectrum
of the ligand vanished with the carbonyl band shifted to
longer wavelengths. All data is included in Table 1.

H- and "*C-NMR for Ligand

Fig. 2(a) illustrates the '"H-NMR spectrum of the
ligand subsequent to its is dissolved in DMSO-ds. The
observation of the proton of L occurred as a single peak
(singlet) at 7.9 ppm (1H) and had a chemical shift of
CH=N. The aromatic protons in the central benzene ring
showed chemical shifts of 7.3 ppm (m, 8H, Ar-H), while
the terminal benzene ring had chemical shifts of 5.9 ppm
(m, 4H, Ar-H). The hydroxyl proton appeared as a singlet
at 10.85ppm (2H), indicating a significant peak.
Consequently, the "C-NMR spectra of the Schiff base
ligand are presented in Fig. 2(b). One of the important
qualities is the existence of two azomethine group
(N=CH) [10], which had a peak at 160.9 ppm. The C-
atom from the OH group was located at 161 ppm. For
aromatic compounds, the C-atoms within the linkage of
the two central benzene rings shifted at 138 ppm, while
the benzene ring terminal shifted at 132.6 ppm. Finally,
the amine group's carbon shifted at 151 ppm.

53

UV-vis of Schiff-base Ligand and Its Copper
Complex

Table 2 and Fig. 3 demonstrate the compound L's
UV-vis absorption spectrum in the TMF solution. The
electronic spectra were identified in 2 bands at 368 and
562 nm, corresponding to 27173 and 17793 cm™
complex in TMF solution exhibited 3 bands at 371, 527,

— Cu(Il)Oxide NPs — Ligand — Cu(ll) Schiff base complex

Now
23

N5

3144

3067

Transmittance (a.u.)

600 2000 2400 2800 3200 3600 4000
Wavenumber (cm™)

Fig 1. FTIR spectra for Cu(II) oxide NPs, Schift base, and
Cu(II) Schiff base complex

T T
400 800 1200 1

Table 1. FTIR data for CuO NPs, Schift base (L), and copper complex

Wavenumber (cm™)

Band Schiff base (L) Cu(II) Schiff base complex CuO
v(O-H) alcohol intramolecular bonded 3144 3194 -
v(C=N) str. imine group 1658 1642 -
v(C=C) str. aromatic 1405 - -
v(C-H) str. aromatic 3067 - -
v(C-0) 1086 1069
v(Cu-0) - - 523
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(b)
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Fig 2. (a) '"H-NMR and (b) "C-NMR spectra for Schiff base (L)

— Ligand — Cu(ll) Schiff base complex

Absorbance

527

562

T T 1
500 600 700
Wavelength (nm)

Fig 3. UV-vis of the copper complex and ligand Schiff-base

T T
300 400

Table 2. UV-vis of copper complex and ligand Schiff-base

}\max’ S t d
Comp. n_m Transitions - o0
(v,cm™) structure
Ligand Schift base 368 (27,173) n-m* -
562 (17,793) n-m*
371 (26,954 n-m*
Cul ( ) Tetrahedral
527 (18,975) n—*
593 (16,863) Cu~>LCT

and 593 nm, corresponding to wavelengths 26954, 18975,
and 16863 cm ™, respectively. These bands are associated
with the n-m*, n-m*, and Cu>LCT transitions within a
tetrahedral geometry.

TGA and DTA Thermal Analysis of the Schiff-base
Ligand and Its Copper Complex

The TG and DTA trends of the metal ion complexes
and the ligand Schiff base under N, gas, heat-up at a rate
of 10 °C/min, are displayed in Fig. 4. The first step, which

130 120 110 100

is endothermic, occurs at temperatures ranging from 80
to 110 °C and is due to the loss of two water molecules
and four acetate molecules. The second exothermic
process occurs between 280 and 325 °C and is caused
through the removal of two six-ring (benzene) terminals
[11]. The third exo-thermic step takes place within the
temperature range of 440 to 510 °C and is a result of the
breaking up of segment residue organic varieties
reduction. Finally, there is an exothermic process of metal
copper oxidation, resulting in the formation of CuO,
which occurs at temperatures between 630 and 780 °C.

Characterization of CuO Nanoparticle

A typical complex was heated at 780 °C for 4 h to
produce CuO nanoparticles. The resulting CuO was
examined using various techniques, including UV-vis

—TGA for ligand
— DTA for Cu(ll) Schiff base complex
— DTA for ligand

Rel. mass change

T T T T T T T
0 100

200 300 400 500 600 700
Temperature (°C)

Fig 4. TGA and DTA investigation of the copper
complex and Schiff base ligand

—
800
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diffuse reflectance, BET pattern analysis, FTIR, XRD,
TEM, SEM, and EDX to determine its properties.

The CuO nanostructure's FTIR

Fig. 1 indicates the results of the FTIR analysis on
the CuO NPs, which encompassed a range of 4000 to
400 cm™.. The CuO NPs consist of (Cu-O) bonds, as
demonstrated by the absorption peaks at 523 cm™. It is
apparent from the observed FTIR spectra indicate that the
synthesis of CuO NPs was adequate [8].

UV-vis diffuse reflectance for CuO NPs

CuO NPs are of significance to sectors, including
optoelectronics and catalysis, due to their distinctive
electrical and optical characteristics. By using UV diffuse
reflectance spectroscopy, one may effectively investigate
the material's band structure. We determine the optical
bandgap of CuO NPs via the frequently employed Tauc
technique, which can be utilized to estimate the energy
gap in semiconductors. The explicit bandgap energy E, in
Fig. 5 was calculated by implementing reflection to the
CuO NPs' immediate transition Eq. (1) [12];

(ochv)Y:A(hv—Eg)n (1)
The absorption coefficient is represented by the symbol a,
photon energy by hv, and the optical bandgap by E,. A is
a constant, and n is the Tauc exponent. The direct band
gap is determined to be 2.38 eV by graphing (hv)® versus

photon energy and extending the linear portion of the
curve until absorption becomes zero.

2.0+
1.5
o E,=2.38eV
£ 1.0
0.5+
2.38
0.0 T T T T T T T T T
1.0 1.5 2.0 25 3.0
Energy (eV)

Fig 5. Energy bandgap for CuO NPs

XRD analysis of CuO NPs

The X-ray beam is the basic method for
determining the size of crystals and solid crystalline
structures, which in turn hits the sample and, in
accordance with Bragg's rule, is dispersed by the crystal
phases [13], as shown in Eq. (2);
nA=2dsin0 (2)
where the incident X-ray beam's wavelength is
represented by A, the reflection order is represented by
n. Then, d is the distance between crystal lattice planes.
The X-ray beam's incidence angle is symbolized as 0.

The properties that hold utmost significance in a
diffraction pattern are peak position, shape and
intensity, which can be acquired by figuring out each
unit cell's Miller indices (h k 1) and then comparing the
peak positions to the standard patterns established by
the material's structure. Furthermore, by utilizing
Sherrer's formula [14], as shown in Eq. (3). The XRD
data can also provide insights into the size of the

crystallite.
Do KA (3)
Bcos6

The average crystallite size, denoted as L, is related
to the shape factor (typically a constant around 0.9). The
wavelength of the X-rays or neutrons indicated as A
(1.5406 A), is also essential. B represents the full width at
half maximum (FWHM) [15] of the diffraction peak,
and 0 is the Bragg’s angle. In Fig. 6, the XRD data for

CuO NPs

Cu(ll) Schiff base complex

Intensity (a.u.)
Q (111) (002)
{111) (200)

T T T T 1
0 20 40 60 80 100
26

Fig 6. XRD for Cu(II) Schiff base complex and copper(II)
oxide nanoparticles
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CuO NPs is compared to the standard reference for CuO.
The peaks found in the diffraction analysis, specifically
(100), (002), (101), (102), (110), (103), and (112), were in
line with the hexagonal CuO (wurtzite) [16] pattern from
the standard reference. Fig. 6. clearly shows three distinct
peaks for copper oxide at angles 35.9°, 38.5°, 39.6°, and
48.1° compared to the database of the Joint Committee on
Powder Diffraction Standards (JCPDS).

SEM and EDX analysis for synthesized CuO

In Fig. 7, CuO NPs heated to 700 °C were examined
for morphology and structure utilizing SEM techniques.
The investigation revealed that the nanoparticles were not
uniformly distributed and lacked a perfectly spherical
form. According to the histogram statistics, the average
size ranged from 60-71.2nm [17-18]. Using EDX
analysis, the production of CuO NPs was studied, and
various regions were identified during the analysis. In Fig.
8, the peaks obtained from the analysis are shown. CuO in
the produced nanostructure was confirmed by EDX
spectroscopy, with atomic percent values of 60.84% for
Cu and 39.16% for O. Although the synthesized samples
contained Cu and O dopants, no significant impurities
were found [17,19].

TEM of CuO nanoparticles

Fig. 9 depicts TEM images of CuO. This photograph
was obtained to assist in comprehending the crystal
characteristics and nanoparticle size. The TEM image
indicates that the CuO particles have a nearly hexagonal
form with slightly varying thicknesses. This verifies the SEM
results, which showed that surface data from TEM may be
used to investigate the surface of CuO NPs [20].

Surface area analyzer

The BET method is well-established to measure an
available surface specific area by studying the physical
adsorption of gas on solid surfaces. The adsorption
isotherm, which plots the amount of gas that has been
adsorbed onto the surface area against the relative
pressure (P/Py) at a constant temperature can be
interpreted by this analysis. The BET analysis generally
gives a Type II or Type IV isotherm, which depends on
the pore structure present in the material. Isotherm-
Specific Surface Area Correlation: The surface area relates

X 20,000

Fig 7. SEM analysis of CuO NPs

20.0kV SEI

20 um

cpsleV

keV

Fig 8. EDX analysis of CuO NPs

o

Fig 9. TEM image of CuO NPs

directly to the quantity of gas adsorbed in the
monolayer. The BET equation takes the isotherm data
(or at least the linear part of a BET plot) and calculates
monolayer capacity in absolute normal liquid pressure.
Fig. 10 illustrates the nitrogen isothermal adsorption
technique for evaluating CuO NPs' pore structure and
surface area. The CuO isotherm profiles indicated a
minor hysteresis loop. Table 3 illustrates the CuO NPs'
aggregate pore volume, average pore diameter, and
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surface area. It is speculated that the CuO NPs' high
surface energy leads them to aggregate or create bigger
particles. The BET investigation deals with the adsorption
of nitrogen.

According to the BET measurement, CuO NPs have
a specific surface area. Eq. (4) is implemented to
determine the effective diameter of the BET. A method
was applied to determine CuO NPs' specific surface area
(As) [4]. Before conducting the analysis, the material
underwent a degassing process at a temperature of 140 °C
for a duration of 4 h.

6

oAs (4)

The particle density (p) of the CuO powder was

dBET =

6.71 g/cm’. The principal particle size (dser) and specific
surface area (As) are specified. The passage reports that
CuO NPs that were annealed at 780 °C acquired a mean
crystallographic size of 8.61 nm via Eq. (4). The variation
relates to the XRD Scherrer formula and the BET
techniques [21] to determine the CuO NPs' average
crystalline size. This disparity implies the presence of
CuO NP clusters.

200 —e-Desorption

-o- Adsorption

150

100

50

Volume adsorbed (cm®g STP)

O T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Relative pressure (P/P,)

Fig 10. CuO adsorption-desorption isotherms utilizing

BET surface analysis and N, gas

Table 3. Physical surface data for CuO

Physical parameters of a surface Value
Surface of area 660.8 m?/g
Average pore diameter 31.23 cm’/g (STP)
Total pore volume 0.216 cm’/g

m CONCLUSION

Benzidine, 2-hydroxybenzaldehyde, and copper(II)
acetate were combined to form a copper Schiff-base
complex. The compound's structure was examined using
a variety of analytical techniques, including FTIR, DTA,
'TH-NMR, “C-NMR, TGA, and UV-vis characterization.
Although the Schiff base ligand to metal ratio was
determined to be 1:2, the results demonstrated that the
complex might comprise distorted tetrahedral molecular
structures. Furthermore, the Cu-Schiff base combination
was thermally broken down to produce CuO NPs. The
energy band gap of these nanoparticles was 2.38 eV, and
the particle size was 81 nm. Characterizations using
XRD, EDX, SEM, TEM,
performed to validate the production of CuO NPs. The

and BET studies were

findings showed the presence of single-phase CuO NPs
with sizes smaller than 100 nm. These findings have
significant implications for anticipating the behavior of
CuO NPs. They could be utilized as a starting point for
in vitro research in the future. The CuO NPs may also be
utilized to create photocatalytic processes for the
degradation of organic contaminants in water and the
atmosphere. Although CuO is a semiconductor, it is
beneficial for trapping light energy for catalytic
Overall, this
information on the synthesis and characterization of

processes. work provides valuable

CuO NPs and their wide applications.
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