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Abstract— Schiff base chelates of Cu (II) derived from benzil-2,4-dinitro-phenylhydrazone with different anilines have been 

synthesized. These complexes have been prepared by chemical root method. The XRD and EXAFS characterization of the 

prepared complexes have been carried out. From XRD particle size and lattice parameter have been estimated and the XRD 

analysis revealed the crystalline nature of all complexes. These complexes have also been characterized by Cu K-Edge 

EXAFS measurements using the dispersive beam line at 2.5 GeV Indus-2 synchrotron radiation source at RRCAT (Raja 

Ramanna Centre for Advance Technology), Indore, India. The measured EXAFS data have been analyzed to compute average 

metal-ligand bond length using Levy’s, LSS, Lytle’s, Fourier transform methods, with the help of computer software 

ATHENA. 
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I.  INTRODUCTION  

Schiff bases have played an important role in the 

development of coordination chemistry. They are an 

important class of ligands and have broad applications in 

different fields. Interaction of these ligands with metal ions 

provides the complexes of various geometries which are 

most likely biologically active. From the existing literature, 

it appears that benzil monophenylhyrazone and its related 

compounds have been extensively used as biologically active 

complexing agents and analytical re-agents.[1,2]. Keeping 

the above facts in mind and in continuation of our research 

work on transition metal (II) complexes with Schiff bases, in 

the present paper we report the synthesis and 

characterization of Cu(II) complexes of Schiff base derived 

from the condensation of benzil-2,4-dinitrophenylhydrazone 

with different anilines[3].  

XRD technique is used to show the details about the particle 

size, lattice parameter, and to know the crystal structure of 

these complexes. EXAFS spectroscopy has been a valuable 

tool to provide local structure.and gives the information 

about the chemical environment. The bond lengths has been 

calculated by Levy’s , Lytle’s and Lytle, Sayers and 

Stern’s[LSS]methods.[4] 

II. METHODOLOGY 

1.Synthesis of Schiff base Ligand L1/L2/L3: 

The Schiff base was obtained by the condensation of benzil, 

2,4-dinitrophenylhydrazine and aniline/o-Toludine/m-

Toludine (1 :1: 1 molar ratio), dissolved in ethanol. The 

resulting reaction mixture was refluxed for 1 h. The solid 

precipitate of Schiff base obtained was filtered, washed and 

then left in the air to dry. 

 

2.Synthesis of complexes: 

 

The solution of Schiff base L1/L2/L3 (10 mM)  with ehanol 

was mixed with Cu (II) chloride(5 mM)   in ethanol(20 ml) 

solution keeping ligand-metal ratio 2 : 1 followed by few 

drops of acetic acid (pH = 6). The mixture was then refluxed 

for 1 h. The soild precipitate of complexes has been filterd, 

washed and dried in air. 

 

The above mentioned complexes have been characterized by 

X-ray diffraction(XRD) and Extended X-ray Absorption Fine 

Structure(EXAFS).XRD pattern have been recorded by 

Bruker D8 advance diffractometer at UGC-DAE CSR, 

Indore. The X-ray absorption fine structure spectra at the K-

edge of Copper of these complexes have been recorded at 

BL-8 Dispersive EXAFS beamline at the 2.5-GeV INDUS-2 
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Synchrotron Radiation Source at Raja Ramanna Centre for 

Advanced Technology (RRCAT), Indore, India .The 

experimental data have been analyzed using software Origin 

8.0 and Athena 0.8.056. [5]. 

III. RESULTS AND DISCUSSION 

The analysis of crystal structure and lattice parameter have 

been carried out by Bragg’s law, 2dsinθ=n λ and particle size 

is calculated by Debye Scherer’s formula, t=0.9λ/cosθ, 

where λ is the wavelength of X-ray, θ is the glancing angle 

and is the FWHM ( Full width at half maxima).The XRD 

pattern of the reported complexes is presented in figure 1. 

The particle size and lattice parameter are given in Table 1. 

The X-ray analysis shows the complexes are crystalline in 

nature. 

 

The normalized X-ray absorption spectra of Cu-complexes 

are reveled in figure 2 (a). The EXAFS spectra transformed 

into k-space have been shown in figure 2(b). To convert 

into R-space a Fourier transform is applied to these data 

and it is shown in figure 2(c). The bond lengths of these 

Cu-complexes have been calculated by different methods. 

The phase-uncorrected bond length has been calculated by 

the Fourier transform technique. Before Fourier transform 

technique was formulated, the bond lengths were extracted 

from the EXAFS data by the three methods:  

 

(A) Levy's method  

According to this method the bond length R1 is given by-

1/2

1

151
R =

ΔE

 
 
 

  Ǻ 

where ΔE  is energy difference between the successive 

EXAFS maxima and minima. 

(B)  Lytle's method 

In this method, the bond length is calculated by 

                            sR (Ǻ) =  
1

237.60 / M                                   

Where M is the slope of E versus Q plot. 

(C) L.S.S. method (Lytle, Sayers and Stern Method)   

The LSS method is a graphical method and according to this 

method, the simplified equation for wave vector is given by k 

=(0.263E) 
1/2

 where, E is energy position of different maxima 

and minima in fine structure curve measured from point in K-

absorption edge. And the bond length is given by 

   R-slope of  n vs k plot. 

 

Where n is order of maxima and minima in k vs χ(k) plot and 

k is wave no. 

 

Fourier Transform Method: 

 

From the Fourier transform of  χ(k) verses k spectra shown 

in figure2(b) phase uncorrected bond lengths has been 

determined. 

IV. CONCLUSION   

From the analysis of X-ray diffraction pattern, information 

regarding particle size and lattice parameter has been 

obtained and octahedral geometry of these complexes has 

been concluded. From the positions of the EXAFS maxima 

and minima, the bond lengths of the Cu-complexes has 

been determined by three different methods viz. Levy’s, 

Lytle’s and LSS methods and from the Fourier transforms 

of the EXAFS spectra, the bond length (phase uucorrected) 

has been determined.  

 

Figures and Tables 

 
Figure 1 XRD of Cu Complexes 

 
Fig 2(a) 

 
Fig 2(b) 
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Fig 2(c) 

Figure 2. For complexes 1–3 a) EXAFS spectra at the Cu-K-edge 

(b) χ(k) vs. k spectra, and                                                                                                       

(c) Fourier transformation of χ (k) vs. k spectra. 

 
Table 1.(Partical Size and Lattice parameter by XRD) 

 
 

S.No. Name of Complexes Particle 
size(nm) 

Lattice 
parameter (Å) 

1 Complex 1 49.77 4.08 

    

2 Complex 2 40.47 4.62 

    

3 Complex 3 39.55 5.08 
 

 

Table 2.(Values of bond lengths calculated by Levy’s, Lytle, LSS and 

Fourier transform methods) 

 

S.No. 
Name of 

Complexes 
Phase corrected Phase uncorrected 

  

Levy’s 

method 

R1 

Lytle 

method 

Rs 

L.S.S.method   

R1-α1 

F.T 

Method 

R 

 

1 Complex 1 1.82 1.49 1.9 1.15 

2 Complex 2 1.68 1.51 1.88 1.13 

3 Complex 3 1.47 1.47 1.97 1.2 
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