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ABSTRACT  

Synthesis, spectral identification, and magnetic property of Schiff base Cu (II) complex is described. The general 

formula [M(L)(Phen)(H2O)2], where L is the Schiff base ligand derived from 4-chlorobenzaldehyde and amino acid. 

This complex was synthesized by one-pot synthesis method and characterized by elemental analysis, Fourier 

transform infrared spectroscopy, electronic spectra, room temperature magnetic moments and conductivity 

measurement. The resultant solid was subsequently annealed in the muffle furnace at 400 °C for 3 hours in air 

atmosphere. Nanoparticles of CuO were produced and characterized by X-ray powder diffraction (XRD) at 2θ 

degree 0-80°, FT-IR spectroscopy and scanning electron microscopy (SEM). The XRD and FT-IR results showed that 

the product is pure and has good crystallinity with cubic structure because no characteristic peaks of impurity were 

observed, while the SEM results showed that the obtained product is tiny, aggregated with spherical shape, narrow 

size distribution with an average size between 10-40 nm. Results show that the solid-state thermal decomposition 

method is simple, environmentally friendly, safe and suitable for preparation of CuO nanoparticles. This method 

can also be used to synthesize nanoparticles of other metal oxides.  
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INTRODCTION: 

Metal complexes with Schiff base ligands have played an 

important role since the early days of coordination 

chemistry.[1] Indeed, a great deal of work has been 

carried out on the synthesis and characterization of 

transition metal complexes with these type ligands, 

mainly due to their applications in organic chemistry, as 

liquid crystals and in catalytic processes.[2] Schiff bases 

are regarded as privileged ligands.[3] Due to their 

capability to form complexes with different transition 

metals can act as catalysts for many different reactions. 

[4] Schiff bases are an important class of compounds in 

medicinal and pharmaceutical field. Also, Schiff bases 

and their complexes have been used as biological 

models to understand the structures of biomolecules 

and biological processes. [5] Copper Schiff base 

complexes are amongst the most versatile catalysts 

known for oxygenation reactions. The role played by 
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copper ions in the active sites of a large number of 

metalloproteins has stimulated efforts to design and 

characterize copper complexes as models for a better 

understanding of biological systems. [6] 

Macroscopic properties of materials strongly depend on 

both the size and the morphologies of the microscopic 

particles they are made up from. This is especially true 

for materials with morphological features smaller than 

a micron in at least one dimension which is commonly 

called nano-scale materials, or simply nanomaterials. In 

these materials the ratio of surface area to volume is 

vastly increased when compared to compounds with 

larger grain sizes and quantum mechanical effects such 

as the ‘‘quantum size effect” begin to play a significant 

role. These effects only play a minor role when going 

from macro to micro dimensions, but become 

increasingly important when reaching the nanometer 

size range.[7] Thus synthesis and characterization of 

nano-structures with different particle sizes and 

morphologies are very important both from the 

viewpoint of basic science as well as for technological 

applications.[8] Nanoparticles have attracted great 

interest in recent years because of their unique 

chemical and physical properties, which are different 

from those of either the bulk materials or single atoms. 

Nano-materials have potential applications in 

optoelectronics, catalysis, and ceramics and so on. 

Among these materials metal oxide nanoparticles are of 

technological importance for solar cells, chemical 

sensors and liquid crystal displays. [9] CuO, as an 

important p-type semiconductor with a narrow band 

gap (1.4 eV), has received great attention owing to its 

important properties and widespread applications. 

Copper (II) oxide nanoparticles have been of 

considerable interest due to the role of CuO in 

antibacterial activity [10], electrocatalytic application [11] 

and interaction with amino acids. There are several 

methods to prepare CuO nanoparticles, such as 

electrochemical reduction, hydrothermal and 

alcothermal reaction, solid-state thermal 

decomposition, microwave irradiation and etc. 

Currently, the solid-state thermal decomposition of 

Schiff base complexes as new precursors is being used 

more and more, and as compared to conventional 

methods, it is much faster, economical and cleaner. 

Although CuO can be prepared using a number of 

methods, it still remains a major challenge to develop a 

facile, inexpensive and nontoxic route for the synthesis 

of CuO.[12]    In this paper, we describe the synthesis and 

characterization of new copper(II) complex of Schiff 

base ligand derived from 4-chlorobenzaldehyde and an 

amino acid with [1,10] phenanthroline as a co-ligand. 

CuO nanoparticles were prepared via the 

decomposition of the corresponding copper Schiff base 

precursor complex at 400° C using a muffle furnace and 

the obtained CuO nanoparticles were characterized by 

FT-IR spectroscopy, XRD analysis and SEM. 

 

MATERIALS AND METHODS: 

Materials and Reagents 

All chemicals were of analytical grade and purchased 

from Merck and Sigma Aldrich. Commercial solvents 

were distilled and then used for the preparation of 

Schiff base copper (II) complex 

Instruments: 

Elemental analysis was performed using a Perkin-Elmer 

elemental analyzer. Molar conductivity of the metal 

complex was determined by using DMF as a solvent in 

Equiptronics digital conductivity meter at room 

temperature. FT-IR spectra of Schiff base copper (II) 

complex and its copper oxide nanoparticles were 

obtained on a Schimadzu IR-Affinity-I spectrometer with 

samples prepared using KBr pellets. UV–Visible spectra 

were recorded using Systronics spectrophotometer 

operating in the range of 200–800 nm with quartz cell. 

X-ray powder diffraction (XRD) pattern of the complex 

was recorded on a Bruker AXS diffractometer D8 

ADVANCE with Cu-Kα raiation ith nickel beta filter in the 

range 2Ɵ = 10º-80º. Scanning electron microscopy 

(SEM) images were obtained on Philips XL-30ESEM. 

Synthesis of Schiff Base Copper (II) complex: 

In a 250ml beaker, L-Cysteine (10mmol) and KOH 

(10mmol) in 25ml hot water was stirred and to that 4-

chlorobenzaldehyde (10mmol) in 20ml of ethanol was 

added to the above solution and stirred for 2 hours at 

60̊ C. Then an aqueous solution of copper (II) chloride 

was added to the reaction mixture and stirred for one 

hour. Finally, 1, 10-Phenanthroline (10mmol) in 15ml of 

ethanol was added to the above reaction mixture and 

again stirred for another 2 hours. Then the final product 

obtained was washed several times with alcohol, 

filtered and air dried.  

Synthesis of copper oxide nanoparticles by thermal 

decomposition method: 

Schiff Base Copper (II) complex precursor was taken in a 

silica crucible and heated to 400° C in a muffle furnace 
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at a ramping rate of 10°C min-1 for 3hours. The reaction 

heated to  400° C at a ramping rate of 10°C min-1, the 

dark blue colored complex turned to black, which 

implied that Copper oxide nanoparticles had been 

produced. Nanoparticles were cooled down to room 

temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION: 

The synthesized Schiff base copper (II) complex was 

characterized by Elemental analysis, UV-Visible, FT-IR 

and Molar conductance, Magnetic susceptibility 

measurement and the results are given below.   

Elemental analysis: 

 The elemental analysis data of Schiff base copper (II) 

complex is given in Table 1. The calculated value was in 

good agreement with the theoretical value. 

 

Table 1: Analytical and physical data of Schiff base copper (II) complex 

Compound 
Empirical  

Formula 

μeff 

BM 
Molar Conductance (mho cm2 mol-1) 

Elemental Analysis 

Found (Cal.) (%) 

C H N 

Complex-I C22H20O4N3SCu 1.89 43 
54.49 

(54.43) 

4.17 

(4.12) 

8.81 

(8.66) 

 

Molar conductivity and magnetic susceptibility 

measurement: 

The molar conductance values measured in DMF 

solution (1x10-3 mol dm-3) and the value is 43 ohm-

1 cm2 mol-1 suggesting that the complex is non-

electrolyte.[13] The room temperature magnetic 

moment (μeff) value of the copper(II) complex is 

observed in 1.89 B.M., which corresponds to a single 

unpaired electron and may be concluded that the 

copper(II) complex has octahedral geometry. 

UV-Visible Spectra: 

The electronic absorption spectra of Schiff base copper 

(II) complex (10-3 M) was recorded in DMF at room 

temperature and the data is represented in the Table 2. 

The band appeared around 287 nm and 376 nm 

corresponds to π→π* transition of aromatic 

chromophore as well as the imine moiety and the band 

at 441 nm is due to n→π* transition respectively. [14] The 

copper (II) complex exhibited a broad band at 677 nm 

due to d-d transition. 

 

Table 2: UV-Visible spectral data of Schiff base copper (II) complex 

 

 

 

 

FT-IR Spectra: 

The FT-IR spectrum provides valuable information 

regarding the nature of the functional group attached 

with the metal ion in the synthesized Schiff base copper 

(II) complex. The synthesized Schiff base copper (II) 

complex was characterized mainly using the C=N 

Compound 
-* (nm) 

(benzene) 

-* (nm) 

(-HC=N) 

n-* 

(nm) 
d-d (nm) 

Complex-I 287 376 441 677 
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(azomethine), M-O, M-N peaks. The assignments of 

important infrared spectral data are listed in Table 3. 

The peak observed in the range 1593 cm-1 was 

characteristic of azomethine (HC=N-) group. [15] The 

formation of M-N and M-O linkage was confirmed the 

appearance of peaks around 578 and 478 cm-1 

respectively. 

The characteristic peak at 1593 cm-1 which is attributed 

to the (C=N) stretching is disappeared in FT-IR spectra of 

copper oxide nanoparticles whereas a new strong peak 

was appeared at 443 cm-1 in nanoparticles prepared 

from copper (II) complex indicating the spinel structure 

of Cu–O. 

 

Table 3: FT-IR spectral data of Schiff base copper (II) complex 

 

 

 

XRD Analysis: 

Fig. 1 shows the X-ray diffraction (XRD) pattern of the 

prepared CuO nano-structures. CuO nano-structures 

have shown the most crystallinity because of the 

existence of sharp peaks in the XRD pattern. The phase 

purity of the as prepared CuO nano-structures is 

completely obvious and all diffraction peaks are 

perfectly indexed to the monoclinic CuO phase with the 

lattice constants comparable to the reported data 

(JCPDS 01-1117). No characteristic peaks of impurities 

are detected in the XRD pattern. The broadening of the 

peaks indicated that the particles were of nanometer 

scale. [16-18] The crystalline size of the CuO nanoparticles 

based on X-ray peak broadening were determined using 

the Debye-Scherrer equation d (Å) = 0.9 λ / β cosθ. The 

calculated values are about 43 nm for CuO nanoparticles 

prepared from Schiff base copper (II) complex. 

             

        

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: XRD Pattern of CuO nanoparticles 

SEM image: 

 After characterization of the as-prepared CuO 

nanoparticles using FT-IR and XRD, for the 

determination of the morphology and structure of CuO, 

SEM measurements were carried out Fig. 2. The 

morphology evolution of the prepared CuO 

nanoparticles showed spherical shapes, aggregated 

with an average size of 56 nm. The differences between 

the results of the size of nanoparticles on SEM and XRD 

can be explained by agglomeration phenomena. [19] The 

agglomerated particles were related to many factors 

such as shape factor, surface area, porosity and density. 

Furthermore, in a colloidal system, consisting of a large 

number of small particles in a suspending fluid, particles 

will collide with one another in the course of their 

Brownian motion. [20] The aggregate may continue to 

grow, becoming less mobile, until it settles. Individual 

particles can only remain in such systems if there is 

some mechanism to prevent them from sticking 

together when they collide with one another. 

Compound ʋ(-OH) ʋaro(C-H) ʋ(CH=N) ʋ(Cu-N) ʋ(Cu-O) 

 Complex-I 3406 3051 1593 578 478 
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Figure 2: SEM image of CuO nanoparticles 

 

CONCLUSION: 

In the present work, a novel Schiff base copper (II) 

complex was prepared by using one pot synthesis 

method. Furthermore, this complex was used as a new 

precursor for the preparation of CuO nanoparticles with 

an average size of 56 nm. The obtained evidence of UV-

Vis and magnetometry can support the octahedral 

geometry for the complex. In addition, this solid-state 

thermal decomposition method is simple, facile, 

inexpensive, nontoxic and safe to use, can be applied as 

a general method for the preparation of other transition 

metal oxide nanoparticles. 
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