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A primary amine, salicylaldehyde and copper salt were combined to prepare the bis(N-
benzyl-salicydenaminato)copper (II) complex. The copper (II) complex was then used as a 
precursor to synthesize mixed phase morphological copper oxide nanoparticles via thermal 
decomposition method using trioctylphosphine oxide as a capping molecule at different 
temperatures of 120, 180, and 240 ºC. The XRD patterns of copper oxide nanoparticles 
synthesized at lower temperatures exhibit a mixture of monoclinic structure of CuO 
whereas the nanoparticles synthesized at higher temperature reveals the peaks that are 
attributed to mainly face-centered-cubic metallic Cu. The TEM images showed spherical 
particles that were increasing in sizes when the temperature was raised. 
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1. Introduction 
 
Metal complexes formed through the reaction of the metal ion with Schiff bases have been 

studied in great detail for their various applications [1–3]. Recently, copper (II) complexes derived 
from Schiff bases such as salicylaldehyde with different amines have been investigated [4]. The 
changes in the coordination geometry around copper (II) can be affected by varying the size and 
nature of the substituent on the N-imino of the Schiff base ligand [4–6]. 

The limited size and high density of the edge surface sites of the oxide nanoparticles allow 
them to display unique physical and chemical properties. Metal oxides exhibit metallic, 
semiconductor, or insulator character due to their electronic structure differences [7]. Metal oxide 
nanoparticles are also essential due to their applications as nano-electronics, optoelectronics, nano-
sensors, nano-devices, magnetic, electrical, mechanical and thermal, information storage, and 
catalysis.  Among numerous metal oxide materials, copper oxide has gain attention due it ability to 
display a wide range of valuable physical properties which includes high temperature 
superconductivity, spin dynamics electron, and correlation effects [8].  

CuO is a black coloured material with a high absorptivity and low thermal emittance. It 
has a monoclinic crystal structure with bandgap between 1.2 and 1.9 eV whereas Cu2O is 
brownish-red with a cubic crystal structure and a bandgap of 2.0 and 2.2 eV. CuO and Cu2O 
materials are semiconductors in nature and displayed p-type characteristic due to the copper 
vacancies in it structure [9-11]. Several methods have been reported for the synthesis of copper 
oxide nanoparticles. These techniques include sol-gel technique [12], electrochemical method [13], 
thermal decomposition of precursors [14], chemical precipitation method [15-16], hydrothermal 
method [17-18], and chemical reduction method [19-21].  
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The preparation of bis(N-1,2-diphenylethyl-salicydenaminato-ƙ2N,O)copper (II) complex 

and its co-crystal containing methanol solvent molecules using a one step process was reported by 
Akitsu and Einaga [22].  In their investigation, it was discovered that the guest methanol 
molecules forced the complex to adopt a more planar coordination environment in the solid state. 
Salavati-Niasari and Davar reported the synthesis of copper and copper (I) oxide nanoparticles by 
thermal decomposition of a new precursor [14]. The optical absorption studies were used to 
determine the band-gap energy. Recently, we have reported the study based on the effect of 
temperature on the growth of Ag2O nanoparticles and thin films from bis(2-hydroxy-1-
naphthaldehydato)silver(I) complex by the thermal decomposition of spin–coated films. The 
results proved that the temperature plays a significant role in controlling nature of the 
nanoparticles [23].  

In the present work, the synthesis of copper oxide nanoparticles by the thermal 
decomposition of bis(N-benzyl-salicydenaminato)copper (II) complex as a precursor is reported. 
The synthesized nanomaterials were characterized by ultraviolet–visible (UV–vis) spectroscopy, 
photoluminescence (PL), X-ray diffraction (XRD), and transmission electron microscopy (TEM). 

 
 
2. Experimental 
 
2.1. Materials  
Salicylaldehyde, benzamide, copper acetate monohydrate and trioctylphosphine oxide 

(TOPO) were purchased from Sigma-Aldrich. Methanol, ethanol, and toluene were reagents 
purchased from Merck chemicals and were all used without further purification. 

 
2.2. Preparation of the Bis(N-benzyl-salicydenaminato)copper (II) complex 
The complex was produced using the reported procedure [23, 24]. Briefly, an equimolar of 

benzamine (10 mmol) was added into salicylaldehyde (10 mmol) in methanol followed by the 
addition of copper (II) acetate (5 mmol) in methanol into a 100 mL two necked flask. The mixture 
was refluxed at a temperature of 50 oC for 3 hrs. The formed precipitate was filtered, washed three 
times with ethanol and dried in a desiccator. The product was obtained as a very dark brown solid, 
m.pt. 247 oC, CHN analysis: Calc.: C, 68.47; H, 4.43; N, 6.14; O, 7.15. Found: C, 68.26; H, 4.40; 
N, 6.08; O, 7.09. Significant FTIR bands: v(C=N): 1608 cm-1, v(C-O): 1329 cm-1, v(Cu-O): 521 
cm-1, v(Cu-N): 401 cm-1. 

 
2.3. Synthesis of TOPO capped copper oxide nanoparticles 
Copper oxide nanoparticles were prepared by thermal decomposition of bis(N-benzyl-

salicydenaminato)copper (II) complex in trioctylphosphine oxide (TOPO). In a typical reaction, 
TOPO (5 g) was mixed with the copper precursor (0.5 g) in a two necked flask. The mixture was 
refluxed and heated to 120 °C under nitrogen environment. The temperature was maintained for an 
hour. The mixture was then allowed to cool to a temperature of about 70 °C. An addition of 
methanol (30 mL) produced a reddish brown precipitate which was separated by centrifugation. 
The product was washed three times with methanol and re-dispersed in toluene for 
characterisation. To study the effect of temperature, the procedure was repeated with a temperature 
of 180 and 240 °C. 

 
2.4. Physical measurements   
Elemental analysis was performed using a Perkin-Elmer automated model 2400 series II 

CHNS/O analyzer. FTIR spectrum was done in the range 400–4000 cm-1 through the utilization of 
a Bruker FTIR tensor 27 spectro-photometer. A Perkin-Elmer Pyris 6 TGA was used for 
thermogravimetric analysis. It was conducted at a 20 °C min-1 heating rate from 30 up to 900 °C in 
a closed perforated aluminium pan under nitrogen gas. UV-Vis absorption measurements of the 
copper oxide nanoparticles were carried out using a Perkin-Elmer Lambda 1050 UV/vis/NIR 
spectrometer while an Edinburgh Instruments FLS920 spectrofluorimeter was used to study 
photoluminescence properties of the particles. The quartz cuvettes (1 cm path length) were used to 
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carry the solution using toluene as a solvent. Transmission electron microscopy (TEM) was 
conducted using a Tecnai F30 FEG TEM instrument at an accelerating voltage of 300 kV. Samples 
for morphological analysis were prepared by placing 1 or 2 drop of the copper oxide nanoparticles 
on a lacey carbon copper grids which was previously dissolved in toluene. X-ray diffraction 
patterns were collected on a Bruker AXS D8 diffractometer using Cu-Karadiation where the 
samples were set flat and scanned between 2θ = 20-90º.  

 
 
3. Results 
 
The chemical reaction between salicylaldehyde, amine and Cu(CH3COO)2.H2O in 

methanol at a temperature of 50 °C produced bis(N-benzyl-salicydenaminato)copper (II) complex 
as shown in Scheme 1.  
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Scheme 1. Preparation of bis(N-benzyl-salicydenaminato)copper (II) complex. 
 

 
3.1. Structural properties of the copper complex 
The FTIR spectrum of bis(N-benzyl-salicydenaminato)copper (II) complex in Figure 1(a) 

exhibits a strong band at 1602–1608 cm-1 that is due to νC=N vibration of the imine. The presence 
of νC=N in the complex at a lower frequency is due to the decrease in electron density in the 
azomethine linkage which is a proof that C=N has been coordinated to the metal centre. A strong 
band was observed at 1329–1176 cm-1 in the FTIR spectrum of the complex which is due to the 
phenolic C– O stretching. The vibrations that confirm the involvement of nitrogen and oxygen 
atom in chelation with metal ion were also observed. The stretching bands were located at 521 and 
401 cm−1 which are attributed to the Cu–O and Cu–N bonds with copper (II) ion which is similar 
to the reported results [25-26]. 

The thermal decomposition profile of the copper complex and it purity was further studied 
using the thermogravimetric analysis coupled with Differential thermogravimetric analysis 
(TGA/DTA). The TGA/DTA curves of the copper complex is shown in Figure 1(b). The TGA 
results shows that the prepared complex is stable up to 273 °C and displays a single stage 
decomposition pattern which is supported by the DTA graph on the doted lines. The single 
decomposition pattern of the metal complex usually arises when there is a high degree of electron 
delocalization through an intricated system which leads to consistency in bond strength [25, 27]. 
The mass loss of 68 % in the single stage decomposition stage is in the range of 273 - 465 °C can 
be ascribed to the loss of ligand moiety with its oxidative degradation to metal oxide.  
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Fig. 1. FTIR spectrum (a) and TGA with DTA curves (b) of the bis(N-benzyl-salicydenaminato)  
copper (II) complex. 

 
 
3.2. UV-Vis Spectroscopy and Tauc Plot of CuO Nanoparticles  
The absorption spectra and it corresponding Tauc plot and emission spectra of the copper 

oxide nanoparticles are shown in Figure 2. The absorption spectra (Figure 2(a)) of the copper 
oxide-TOPO capped nanoparticles synthesized at the temperatures of 120, 180, and 240 °C 
showed the absorption peaks at 395, 403 and 406 nm as the temperature was increased. The optical 
bandgap (Eg) of the as synthesized copper oxide nanoparticles was calculated using the Tauc 
relation [28] given by (1).  

 
αhѵ = A(hѵ - E

g
)n                              (1) 

 
where, α is an absorption coefficient, h is Planck constant, ν is the frequency, hν is the energy of 
the incident photon and n is the exponent that determines the type of electronic transition that is 
causing the absorption which can take the values 0.5, 0.7, 2 or 1.5. CuO and Cu2O have been 
reported to be direct band gab semiconductors. From the absorption spectra, the best linear 
relationship was obtained by plotting (αhν)n (where n = 0.5) against hν which is shown in Figure 
2(b) and the direct band gap was determined by extrapolating a straight line at αhν = 0. The direct 
band gap energies (Eg) of the copper oxide nanoparticles were found to be 3.44, 3.31, and 3.09 eV 
as the temperature was increased. The Eg values were higher than the theoretical Eg value for the 
copper oxide bulk material which is 1.85 eV due to the formation of the nano-sized particles which 
directs to quantum confinement effects [29-30]. 
 
 

 
 

Fig. 2. Absorption (a) and the Variation of (αhѵ)2 vs hѵ (b) of the TOPO capped copper oxide  
nanoparticles. 
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3.3. Photoluminescence spectroscopy and X-ray diffraction of CuO nanoparticles  
The study of emission properties of the nanoparticles can stipulate an effective 

information about the quality and purity of the material. Figure 3(a) shows room temperature 
emission spectra of CuO nanoparticles upon excitation at 400 nm. The spectra of all the copper 
oxide nanoparticles synthesized at 120, 180, and 240 °C show two emissions bands located 
between 432-435 nm (most intense band) and 454-456 nm (small band) which were red shifted as 
the temperature was increased. The most intense emission band in the spectra can be attributed to 
the recombination of electrons in the conduction band and holes in the valence band [31], whereas 
the small emission peak might be due to the deep level emission such as oxygen vacancies and Cu 
interstitials. These results were similar to the reported data [32].  

The crystallinity of the synthesized copper oxide nanostructures were studied using the 
powder X-ray diffraction. The XRD patterns of copper oxide nanoparticles prepared at different 
temperatures are represented by Figure 3(b). The diffraction pattern of the nanoparticles 
synthesized at 120 °C show the diffractions peaks at 31.60, 34.65, 36.02, 38.90, 39.21, 45.61, 
47.42, 53.97 and 77.25 which are assigned to (110), (002), (-111), (111), (200), (−202), (200), 
(020) and (004) planes of the monoclinic CuO phase (JCPDS card No. 80-1268). However, the 
nanoparticles obtained at 180 °C showed diffraction peaks that correspond to both monoclinic 
CuO and few traces of the face-centred cubic copper phase (JCPDS card number 04-0836). A 
further increase in temperature to 240 °C, resulted in the formation face-centred cubic metallic 
copper phase with one peak that correspond to monoclinic CuO phase. The average particle size of 
the copper oxide nanoparticles was determined by taking the full width at half maximum (FWHM) 
of the most intense peaks using Debye-Scherrer’s formula [33].  The average grain sizes were 
found to be 3.31, 3.79, and 4.45 nm. The crystalline size calculated from XRD patterns is usually 
bigger than that of TEM images.  
 
 

 
 

Fig. 3. Emission spectra (a) and X-ray diffraction patterns (b) of the TOPO capped copper oxide 
nanoparticles. 

 
 
3.4. Transmitance electron microscopy images of CuO nanoparticles  
The morphology and size of the copper oxide nanoparticles was confirmed by 

transmission electron microscopy (TEM). Fig. 4 shows the TEM images of the nanomaterials that 
consists of spherical shaped particles which are increasing with the increase in temperature. The 
images of the copper oxide nanoparticles prepared at 120 and 180 °C (Figure 4(a) & (b)) revealed 
spherical particles with the average particle diameter of 2.45 ± 0.745 and 3.01 ± 0.873 nm. The 
nanoparticles synthesized at a temperature of 240 °C (Figure 4(c)) showed the agglomerated 
spherical particles with the average particle size of 4.13 ± 0.19 nm. 
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Fig. 4. TEM images and frequency distribution of the TOPO capped copper oxide nanoparticles  
synthesized at 120 (a), 180 (b) and 240 °C (c). 

 
 
4. Conclusions 
 
The preparation of bis(N-benzyl-salicydenaminato)copper(II) complex has been reported. 

The synthesis of TOPO capped CuO nanoparticles was done through thermal decomposition 
method. The absorption and emission spectra of the copper oxide nanoparticles showed that when 
the temperature was increased, the peaks become red shifted. The XRD patterns of copper oxide 
nanoparticles synthesized at higher temperature, produced a face-centred cubic metallic copper 
phase whereas the TEM images revealed the agglomerated spherical particles at high temperature.  
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