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ABSTRACT 

 

Three nickel (II) complexes of Schiff base ligands, L1 =(P-methoxy anilino)-P- methoxy phenyl acetonitrile,     

L2 = (P-methoxy anilino)- phenyl acetonitrile and L3 = (P- methoxy anilino) –P– chloro phenyl acetonitrile 

have been prepared by the condensation of  P-methoxybenzaldehyde , benzaldehdye and P-chloro-

benzaldehyde with P-anisidine respectively. The mentioned three ligands L1, L2 and L3 were used to prepare 

three nickel (II) complexes  Ni-21 = [Ni2(p-Methoxy ben)(p-Ani)](NO3)2 ,  Ni-22 = [Ni2( ben) (p-Ani )]( 

NO3)2 and  Ni-23 = [Ni2(p-Chloro ben)(p-Ani)](NO3)2  respectively. X-ray k-Absorption Near Edge 

(XANES) spectra of these three complexes have been recorded at RRCAT (Raja Ramanna Center for Advance 

Technology), Indore, M.P, India by using Synchrotron radiation source. Various X-ray absorption parameters 

e.g., chemical shift, edge-width and shift of the principal absorption maximum have been obtained with the 

help of XANES spectra. Data analysis program Athena and the computer software Origin 6.0 professional 

have been used to processed the obtained data.  The results of the study have been reported in this paper. 
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I. INTRODUCTION 

 

Aminonitrile compounds are documented species for its biologically activity like pharmaceutical interest and 

biocatyalysis in industrial synthesis. 1-3 They were also used as synthetic activating transcription for the 

explanation of biological reaction. It is identified as biologically inhibitors. 4-7 Aminonitrile is potentially a 

chelating ligand. 8-9 α-Amino nitriles were first prepared by Strecker by treating aldehydes or ketones with 

alkaline cyanide and salts of amines.10 The ligands - L1 =(P-methoxy anilino)-P- methoxy phenyl acetonitrile, 

L2 = (P-methoxy anilino)- phenyl acetonitrile and L3 = (P- methoxy anilino) –P– chloro phenyl acetonitrile 

which included the reaction of P-anisidine with P-methoxybenzaldehyde , benzaldehdye and P-chloro-

benzaldehyde respectively were synthesized by a modified Strecker's procedure.11-12 XANES and EXAFS 

studies of some of the Cu(II) and Co (II) complexes of P-methoxybenzaldehyde, benzaldehyde, P-chloro-

benzaldehyde with P-anisidine and P-toluidine have been already discussed in previous literature.13-20 A 

search through literature reveals that no work has been done on the XANES of nickel(II) complexes of P-
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methoxybenzaldehyde, benzaldehyde, P-chloro-benzaldehyde with P-anisidine . Keeping this in view, we have 

studied X-ray K absorption spectra of nickel in the nickel complexes. The results of the study have been 

reported in this paper.  

 

II. METHODS AND MATERIAL 

 

Three nickel (II) complexes of Schiff base ligands, L1 =(P-methoxy anilino)-P- methoxy phenyl acetonitrile,     

L2 = (P-methoxy anilino)- phenyl acetonitrile and L3 = (P- methoxy anilino) –P– chloro phenyl acetonitrile 

have been prepared by the condensation of  P-methoxybenzaldehyde , benzaldehdye and P-chloro-

benzaldehyde with P-anisidine respectively. The three complexes studied in the present investigations are  Ni 

21= [Ni2(p-Methoxy ben)(p-Ani)](NO3)2 , Ni  22 = [Ni2( ben) (p-Ani )]( NO3)2 and  Ni 23 = [Ni2(p-Chloro 

ben)(p-Ani)](NO3)2  respectively. All the three complexes were synthesized according modified Strecker's 

procedure and their purity was checked. 11-12 The X-ray absorption spectra at the K-edge of nickel (II) 

complexes have been recorded at the Dispersive Extended X-ray Absorption Fine Structure (DEXAFS) 

beamline, which has been recently set-up by Applied Spectroscopy Division, BARC at the Indus-2 synchrotron 

radiation source at Raja Ramanna Centre for Advanced Technology (RRCAT), Indore.21-23 To select a band of 

energy from the white synchrotron beam, a bent crystal (Si 111) polychromator is used in this beamline, which 

is horizontally dispersed and focused on the sample. The crystal is bent in the shape of an ellipse in such a way 

that source and sample positions are at the two foci of the ellipse. The position sensitive 

 
 

 
 

Fig.1. Metal K-edge XANES E(eV) Vs normalized μ(E) spectra for the metal complexes 
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Fig.2. Derivative of the XANES region of the absorption spectrum at the K-  edge of metal  in the complexes  

indicating positions of the   absorption edge K and the principal absorption maxima A. 

 

Table 1. XANES data for the K absorption edge of metal in the complexes 

  

 

III. RESULTS AND DISCUSSION 

 

The normalized K absorption spectra for nickel metal and all the three complexes are shown in Fig 1. The first 

derivative of the spectra, indicating positions of the absorption edge K and principal absorption maximum A are 

shown in Fig. 2.The energies of the cobalt K-edge(EK )and the principal absorption maximum (EA) alongside 

the values of the edge-width (EA-EK) ,effective nuclear charge Zeff and therefore the chemical shift ΔEK are 

Complexes Ek  

value(eV) 

EA (eV) Chemic

al shift 

(eV) 

Shift of 

princip

al 

maxima 

(eV) 

Edge 

widt
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(eV) 

ENC 

(eV) 

Electro

n 

atom 

% 

covalanc

y 

Ni 

foil 

Metal 8333.2 8342.2 - - - - - 

Ni 21 [Ni 2(p-Methoxy ben) (p-

Ani)](NO3)2 

8340.0 8346.1 6.8 3.9 6.1 0.71 65.15 

Ni 22 [Ni 2(ben) (p- Ani)] NO3)2 8342.7 8349.2 9.5 7.0 6.5 0.91 42.10 

Ni 23 [Ni 2(p-Chloro ben) (p- 

Ani )] ( NO3)2 

8339.0 8346.0 5.8 3.8 7.0 0.63 68.38 
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given in Table 1. It can be readily seen from the table that nickel k-edge is found to be shifted towards the 

high-energy side in all the complexes, as compared with the nickel metal k- absorption edge. 

 

3.1. Chemical Shift 

The shift of the X-ray absorption edge of an element in a complex with respect to that of the pure element is 

written as:  

                           ΔEK = EK(complex) - EK(metal)                                        

For computing the chemical shift, the value of EK(Ni metal) has been taken as 8333.2 eV. For the complexes 

under study, the order during which the ligands contribute to the chemical shift is: 

               Ni 23< Ni 21< Ni 22   

Thus it is clear from the data that the value of the chemical shifts in all the three complexes is more than 5 Ev. 

Hence, on the basis of values of the chemical shifts, the complexes are found to have nickel in oxidation state 

+2 25.  

 

3.2. Principal absorption maximum 

The shift of principal absorption maximum of an element in a complex with respect to that of the pure element 

is written as:  

                     ΔEA =EA(complex)- EA(metal)                                              

The principal absorption maximum EA of copper metal has been taken as 8342.2 eV for computing the shift .It 

has been observed that for all the three complexes, the value of EA is shifted towards the higher energy side. 26  

 

3.3. Edge-width 

The edge-width is computed by (EA-EK). In Table 1, we have reported the values of the edge-width . The 

edge-width values are 6.1, 6.5 and 7.0 eV, respectively for Ni 21, Ni 22and Ni 23. 

 

3.4. Effective nuclear charge [Zeff] 

Various methods have been proposed for the estimation of effective nuclear charge.27-28 By employing the 

procedure which was suggested by Nigam and Gupta , Zeff has been obtained from the measured chemical shift 

by using the semi-experimental method.29 The effective nuclear charge on the nickel in the complexes under 

present study is 0.71, 0.91 and 0.63 electrons/atom respectively for Ni 21, Ni 22 and Ni 23. The order for Zeff in 

the complexes is as follows:  

             Ni 23 < Ni 21 < Ni 22     

The order is found to be same as that of order of chemical shift. The results show that chemical shift increases 

with ENC. A parabolic co–relation is observed between them. 

 

3.5. Percentage covalency 

Percentage covalency of studied three nickel complexes is 65.15, 42.1 and 68.38 % respectively for Ni 21, Ni 22 

and Ni 23.The order for percentage convalency in the complexes is as follows:  

                           Ni 23 > Ni 21 > Ni 22     

Inverse relation is observed between percentage covalency and chemical shift, i.e percentage covalency 

decreases as chemical shift increases. A parabolic co–relation is observed between them. 
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Similar relation is observed between percentage covalency and effective nuclear charge i.e percentage 

covalency decreases as effective charge increases. A parabolic co–relation also observed between them. 

IV. CONCLUSIONS 

 

X-ray absorption spectra of schiff base nickel complexes at the K-edge of nickel are recorded at the EXAFS 

beamline setup at the Indus-2 synchrotron source at RRCAT, Indore. The energy of K-edge (EK), and principal 

absorption maxima (EA) alongside the allied parameters are reported. The shift of the K-edge (chemical shift), 

shift of the principal absorption maximum and edge-width has been obtained from the allied parameters. The 

chemical shift has been wont to determine the effective nuclear charge on the a bsorbing atom. Reported 

chemical shifts suggest that nickel is in oxidation number +2 altogether of the complexes. 
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