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Abstract

In this paper, two double-helical dinuclear copper(ll) complexes of bis-N,O-bidentate Schiff-base ligands
bis (3-methoxy-N-salicylidene-4,4'-diaminodiphenyl) sulfone (L') and bis(5-bromo-N-salicylidene-4,4'-
diaminodiphenyl)sulfone (L?) were prepared and characterized by elemental analyses (CHN), as well as
thermal analysis. Elemental analyses (CHN) suggested that the reaction between ligands and copper salt
has occurred in 1:1 molar ratio. In these complexes, the Schiff-base ligands behave as anionic and bis-
bidentate chelate and are coordinated with the copper (Il) ion via two phenolic oxygen and two iminic
nitrogen atoms. In these double-helical dinuclear complexes, each copper (II) center has a pseudo-
tetrahedral coordination sphere two-wrapped ligand. Thermal analysis of ligands and their complexes were
studied in the range of room temperature to 750°C with a heating rate of 10°C min™. TG plots show that
the ligands and their complexes are thermally decomposed via 2 and 3 thermal steps, respectively. In
addition, the complexes thermally decomposed in air at 520°C for 3 h. The obtained solids were
characterized by Fourier Transform Infrared Spectroscopy (FT-IR), X-ray Powder Diffraction (XRD), and
Transmission Electron Microscopy (TEM). The X-ray pattern result shows that the CuO nanoparticles are
pure and single phase. The TEM result shows the prepared CuO nanoparticles were very small and similar
shape with particle size about <50 nm. On the basis of the above results, this method is therefore potentially
capable of forming other transition metal oxide nanoparticles.

Keywords: CuO nanoparticles, decomposed, double-helical dinuclear copper (I1) complexes, pseudo-
tetrahedral, thermal analysis.

1. Introduction

Di and tetranuclear copper (11) complexes with chemistry [1-8]. After Lehn and co-workers
bis-bidentate N,O Schiff-base ligands have introduced the term of helicate in 1987, large
become relatively common in the coordination numbers of helical structures have been
chemistry [1-8]. They have been much described [1-9]. Youshida and co-workers
interested for the study of the supramolecular reported di- and tetranuclear copper (II)
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complexes with bis-bidentate N, O Schiff-base
ligands that X-ray crystallography revealed
that the final structure (di- or tetranuclear
double-helical) is greatly controlled by the n'n
and CH-m interaction of Schiff-base ligands
[5]. Thermal studies provide useful
information such as the metal-ligand bonds
and the presence of crystallization and/or
coordination water in transition metal Schiff-

Cu(NO,),

CH,OH / CHCI,

base complexes [10-15]. As a part of our
ongoing work, dealing with the thermal
studies on Schiff-base complexes [16-20], in
this paper, we studied the thermal
decomposition of double-helical dinuclear
copper (1) complexes [3-5] (Fig. 1). Also, we
prepared CuO nanoparticles using solid-state
thermal decomposition at 500°C.
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Fig. 1. The chemical structures of bis-N,O-bidentate Schiff-base ligands and their double-helical dinuclear copper(ll)
complexes

2. Experiments

2.1. Materials and Instruments

Methanol, chloroform, 3-methoxysalicylaldehyde,
5- bromosalicylaldehyde, bis (4-aminophenyl)
sulfone, and Cu(NOz),. 3H,O have been
purchased from Merck and used as received.
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Infrared spectra are recorded using KBr disk on
a FT-IR (Perkin—Elmer) spectrometer. Elemental
analyses are carried out using a Heraeus CHN-
O-Rapid analyzer. The TG are performed on a
Perkin  Elmer TG/DTA lab system 1
(Technology by SlI) in nitrogen atmosphere with
a heating rate of 20°C/min in the temperature



span of 30-750°C. X-ray powder diffraction
(XRD) patterns were performed using Philips
X’pert diffractometer with monochromatic
CuKa radiation. The transmission electron
microscopy (TEM) images were obtained from a
JEOL JEM 1400 transmission electron
microscope with an accelerating voltage of 120
kV.

2.2. Preparation of Schiff-base ligands
Bis-N, O-bidentate Schiff-base ligands bis (3-
methoxy-N-salicylidene-4,  4-diaminodiphenyl)
sulfone (LY), bis (5-bromo-N-salicylidene-4, 4-
diaminodiphenyl) sulfone (L% were prepared
using the reported procedure [3-6]. Anal. calcd for
L, CgHaN;OeS: C, 65.12; H, 4.65, N, 5.43 and
S, 6.20%; Found C, 65.16; H, 4.69, N, 5.47 and S,
6.23%.

2.3. Preparation of double-helical dinuclear
copper (11) complexes
The preparation of two double-helical
dinuclear copper (I1) complexes [Cux(LY),]
and [Cu,(L?),] is identical, and the synthetic
process is the following: to a solution of
ligand L* (0.052 g, 1 mmol) or L? (0.062 g, 1
mmol) in chloroform (10 mL) was added a
methanol solution (10 mL) of Cu(NOs),. 3H,0
(0.026 g, 1 mmol). The solution became dark
brown immediately. The resulting solution
was refluxed for 2h and then cooled to room
temperature. Slow evaporation of solvent for
few days gives the microcrystalline powders
of the complexes. Anal. calcd for [Cu,(LY)],
C56H44N4CU201232: C, 58.18; H, 3.81, N, 4.85

Mass loss (%)

Ligand 0%
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and S, 5.54%; Found C, 58.11; H, 3.85, N,
4.77 and S, 5.53%. Anal. calcd for [Cu,(L?%),],
C52H32N4CUQOgBr4SQ: C, 4619, H, 237, N,
414 and S, 4.74%; Found C, 46.16; H, 2.29;
N, 4.20 and S, 4.69%.

2.4. Preparation of CuO nanoparticles

Dark brown microcrystalline powder of the
double-helical dinuclear copper (1) complexes
(~0.5 g) was loaded on a platinum crucible
and placed in an electrical furnace, and heated
at a rate of 10°C/min in air up to 520°C. After
3 h, the resulting nanoparticles were washed
thrice with ethanol to remove any eventual
impurities, and allowed to dry in air for 2
days. FT-IR (KBr pellet, cm™): 523 cm™ for
nanoparticles prepared from [Cu,(L"),] and
518 cm™ for nanoparticles prepared from
[Cuy(L?).].

3. Results and Discussion

3.1. Thermal analysis of the Schiff-base
ligands and their complexes
Thermal behaviour (TGA) of the bis-N,O-
bidentate Schiff-base ligands (Fig. 2) and their
double-helical dinuclear copper(ll) complexes
(Fig. 3) has been studied under N, atmosphere
from room temperature to 750 °C with the
heating rate of 20°C per minute. Figures 2 and
3 show there is no mass loss up to = 249°C for
L', 213°C for L? 241°C for [Cuy(L"),] and
260°C for [Cu,(L?),], confirming the absence
of any crystalline water (solvent) molecules in
the ligands and their complexes.
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Fig. 2. The TGA curves of free bis-N,O-bidentate Schiff base ligands
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Fig. 3. The TGA curves of double-helical dinuclear copper(ll) complexes

The N,O-bidentate Schiff-base ligands L*
and L? lose ~99% of their weight via two
thermal stages. In the first stage, ligand L*
shows a mass loss of 29.37% in the
temperature range 248-389°C, while L? shows
a mass loss of 56.12% in the temperature
range 213-336°C. In the second stage, ligand
L' shows a mass loss of 69.94% in the
temperature range 389-598°C, while L? shows
a mass loss of 43.08% in the temperature
range 336-621°C. The final product may be
residual carbon.

The double-helical dinuclear copper(ll)
complex [Cuy(L"),] loses ~86.5% of its weight
and [Cuy(L?),] loses ~88% of its weight via
three thermal stages. In the first to third stages,
complex [Cu,(L'),] shows mass loss of
10.27% in the temperature range 241-254°C,
21.44% in the temperature range 254-451°C,
and 55.25% in the temperature range 451-
515°C. It is suggested that final residue
content in thermal decomposition of
[Cux(LY),] is 2Cu0O according to overall mass
loss (exp. 13.04%, calcd. 13.77%). While, in
the first to third stages, complex [Cuy(L?),]
shows mass loss of 9.43% in the temperature
range 259-267°C, 50.53% in the temperature
range 267-478°C, and 28.47% in the
temperature range 478-510°C. It is suggested
that final residue content in thermal
decomposition of [Cuy(L?),] is 2CuO
according to overall mass loss and residual
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carbon (exp. 11.57%, calcd. 11.76%). Based
on the thermal analysis, CuO can be prepared
by calcining the double-helical dinuclear
copper(Il)  complexes  [Cux(L%),] and
[Cuy(L?),] as precursors at ~520°C. Therefore,
the choice of suitable calcinations temperature
is highly dependent on the results of thermal
analysis.

3.2. Characterization of prepared CuO
nanoparticles

The double-helical  dinuclear  copper(ll)
complexes [Cuy(LY),] and [Cun(L?),] are
thermally decomposed in solid state at 520°C
for 3 h. The final residue content is CuO
nanoparticles and is characterized by FT-IR
spectroscopy, XRD and TEM. Figure 4 shows
FT-IR spectra of CuO nanoparticles obtained
from solid-state thermal decomposition of
complexes at 520°C. The samples show
absorption maxima at 523 cm® for
nanoparticles prepared from [Cu,(L"),] and at
518 cm® for nanoparticles prepared from
[Cuy(L?),] which are due to Cu-O stretching
mode [21-23], while for bulk CuO, vibrational
frequency of Cu-O is found at ~450 cm™ [21,
24]. The blue-shift of the vibrational frequency
of Cu-O nanoparticles can be attributed to the
small size. Also two broad bands appeared at
3450 and 1645 cm™ corresponding to the
stretching modes of the hydroxyls of adsorbed
water molecules [21, 24].
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Fig. 4. FT-IR spectra of CuO nanoparticles prepared from [Cu,(L"),] (a) and [Cu,(L?),] (b)

Figure 5 represents the XRD pattern (20 <
20 < 70) of the obtained CuO products
calcined at 520°C. All the diffraction peaks
could be indexed to crystalline monoclinic
structure, compared with the data of the
JCPDS File No0.45-0937, and indicating the
formation of single phase CuO [21-23, 25-29].
No other peak is observed belonging to any
impurity such as Cu, Cu,O indicating the high
purity of CuO nanoparticles. The peaks at
about 260 values of 339, 36°, 399, 48°, 54°, 58°,

o
=
=
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62°, 66°, 67°, and 69° are assigned to the (110),
(002), (111), (202), (020), (202), (113), (311),
(311), and (220) crystal planes, respectively
[23, 26]. The crystalline size of the CuO
nanoparticles based on X-ray peak broadening
were determined using the Debye-Scherrer
equation d (A) = 0.9 A/ S cos6. The calculated
values are about 35 nm for CuO nanoparticles
prepared from [Cu,(L"),] and [Cu,(L?),].
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Fig. 5. XRD patterns of CuO nanoparticles prepared from [Cu,(LY),] (a) and [Cu,(L?),] (b)
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In addition, the microstructure of the CuO
nanoparticles has been examined using TEM
(Fig. 6). The TEM samples were prepared by
dispersing the powder in ethanol by ultrasonic
vibration. The CuO nanoparticles have similar
shapes  without  agglomeration. The

nanoparticles of CuO with particle size

between 20-50 nm are seen inside TEM

images. The XRD and TEM results confirm
that the double-helical dinuclear copper(ll)
complexes [Cup(LY),] and [Cuy(L?),] are
suitable precursors for the preparation of CuO
nanoparticles.

Fig. 6. TEM images of CuO nanoparticles prepared from [Cu,(LY),] (left) and [Cux(L?),] (right)

4. Conclusion

The thermal properties of the bis-N,O-
bidentate Schiff-base ligands and their double-
helical  dinuclear  copper(ll)  complexes
[Cuy(LY;] and [Cux(L?,] have been
investigated. We also examined the formation
of CuO nanoparticles by solid-state thermal
decomposition of [Cux(L%),] and [Cux(L?),], in
an oven at 520°C. Pure and nanosized CuO
nanoparticles with an average size between
10-30 nm have been successfully prepared.
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