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ABSTRACT 
          The electron spin resonance spectra of vanadyl ion complexes of N,N',N'',N'''-
Bis(benzil) azomethine Bis(1,2-ethylene diamine) and N,N'-Bis(benzil) azomethine 1,2-
ethylene diamine have been studied in solution at room temperature and frozen glasses.The 
spectra have been analyzed and the components of the g tensor and hyperfine tensors of 
complexes have been obtained.The unpaired electron is in the antibonding orbital   (B2g).The 
spin Hamiltonian parameters have been equated to atomic orbital coefficients in some of the 
molecular orbital involved in bonding in these complexes.                                                           
 

INTRODUCTION   
             The role of vanadium as a biometal is well established [1]and encompasses 
stimulating and regulatory as well as inhibitory [2,3].Vanadium has also been recognized as 
an essential element  in photosynthesis [4-6]and catalytically active center in some biosystem 
[7-11].Most of studies of vanadium complexes focused on the spectroscopic and 
thermodynamic properties [12-14].In the present paper ,ESR spectra obtained from 
magnetically dilute glasses containing some Schiff bases complexes of vanadyl ion were 
described,which are analogues to the complexes and coordination environment of vanadyl ion 
with large biomolecules [15,16] in order to obtain detailed information about the structure and 
the nature of the bonding in these complexes.The structure of the studied complexes are 
shown in Scheme 1. 
 

 

 

  

 

 

 

 

                Complex [I]                                                       Complex [II]  

                                                         Scheme 1 
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EXPERIMENT 
          The Schiff bases of N,N',N'',N'''-Bis(benzil) azomethine Bis(1,2-ethylene diamine) and 
N,N'-Bis(benzil) azomethine  1,2-ethylene diamine were prepared as described by Khahawer 
and Memon [17].The complexes of N,N',N'',N'''-Bis(benzil) azomethine Bis(ethylene diamine) 
[I] and N,N'-Bis(benzil) azomethine 1,2-ethylene diamine [II] with vanadyl ion were prepared 
by dissolving 6.3×10-6 mol of VOSO4 in 10 ml H2O and 5.3 ×10-6 mol of the ligand in 25 ml 
ethanol,the solutions then mixed at room temperature for 30 minutes.The precipitate was 
filtered ,washed with ethanol and then collected by filteration. 
          The ESR spectra of the complexes were recorded with a varian E-109 
spectrophotometer whose operating frequency is 9.305 GHz and field set is 3400 G at 298 and 
77 K in about 10-3 M CHCl3 solutions.Visible-absorption spectra were recorded on UVIDEC-
650 double beam spectrophotometer.The wave numbers of the band maxima of these 
complexes are listed in Table 1. 
 

Table (1): Band maxima (cm-1) in the vis. absorption of N,N',N'' ,N''' -Bis(benzil) 
azomethine Bis(1,2-ethylene diamine) and N,N'-Bis(benzil) azomethine 1,2-ethylene 

diamine vanadyl ion complexes in CHCl3 . 
Log(Є) ∆Ex2-y2 Log (Є) ∆Exz complex 

3.81 17000 3.92 16700 [I]  

3.85 17500 3.88 16100 [II]  

 

RESULTS & DISCUSSION 
          As shown in Fig. 1 the ESR spectrum of the complexes recorded at room temperature is 
characteristic for VO+2 in which the unpaired electron interacts with 51V giving eight major 
peaks acoording to the rule (2I+1) which I is the spin quantum number,it's value 7/2,with 
relative intensities 1:7:21:35:35:21:7:1 acoording to Pascal's triangle which is refers to the 
delocalization of electron about the nucleus [18].Table 2 lists the isotropic g0 and A0 obtained 
from the analysis of the ESR spectra for these complexes.Upon freezing the solutions at 
77K,the recorded ESR spectrum revealed axially symmetric pattern as shown in Fig. 2. 
 

 
Figure (1): ESR spectrum of complex [I] at 298 K. 

Table(2): Spin-Hamiltonian parameters for VO+2 complexes in CHCl3 .All hyperfine 
tensor components are in units of cm-1,limits of gII and g┴ are ±0.0004,for AI are 

±0.00005 
0A  g┴ A┴ IIA  g┴ IIg  complex 

0.00386 1.9784 0.00277 0.00604 1.9720 1.9891 [I]  

0.00387 1.9783 0.00278 0.00607 1.9718 1.9891 ]II[  
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Figure (2): ESR spectrum of complex [I] at 77 K. 

 

The complexes considered here have C4V symmetry with unpaired electron  are in the 3dxy 
(b2) (β2) orbital form coplanar bonds between the vanadium ion and the ligands,the vanadyl 
oxygen is attached axially above the vanadium as shown in Fig. 3 [19] and the vanadium 
atom lies slightly above the plane formed by the four singly-bonded atoms. 
       

 

Figure(3): The structure of complex[I](σ orbital) 

 

     The relevant antibonding molecular orbitals for these complexes can be written : 
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         The d/s represent vanadium 3d orbitals , S0 the vanadium 4s orbital, σ refers to an sp2 
ligand orbital directed towards the vanadium nucleus,the p/s are ligand 2p orbitals directed 
along the molecular axis,and the subscript 5 indicates the vanadyl oxygen.The β/ , α/ , δ/ , δ// 
are coefficients of the ligand wave functions [20]. 
           The appropriate spin Hamiltonian for this system has the form [18]. 

 

   Ħ =µ0 [gII Sz Hz + g┴ (Sx Hx+ Sy Hy ) +   AII
(v) Sz

(v) Iz
(v) +  

  A┴
(v) (Sx Ix

(v) + Sy Iy
(v) )] +∑

N

[A II
(N) Sz Iz

(N) + A┴
(N)(Sx Ix

(N) +Sy Iy
(N) ]                                  

                                                                                                           …….(6) 

 

Where ( z , II ) and (x,y,┴ ) refer to the directions parallel and perpendicular, 
respectively to the vanadyl V-O bonds,  (S ,I(V),I(N)  )  refer to the electron spin ,the vanadium 
nuclear spin and the  ligand (nitrogen  for  complex [I] and also  oxygen  for  complex [II] ) 
nuclear spins respectively , H is the applied magnetic field and µ0 is the Bohr magniton. The 
spin  Hamiltonian parameters extracted from the analysis of the spectra recorded at 77 K are 
listed in Table 2 .From equations (1-5) and by using the second order perturbation procedure 
,it is possible to derive equations for the spin-Hamiltonian parameters [20]. 
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          Where  λ is the spin-orbit coupling constant for the vanadium ion in the appropriate 
valence state its value has been shown to be 135 cm-1 [20], K is the isotropic Fermi contact 
parameter, ∆ Ex

2
-y

2 and ∆ Exz are the transition from the B2g  state to the B1g and Eg states 
respectively ,there values are listed in Table 1 ,and P is : 
P = 2 γi µ0 µ n < Ci  │r  -3 │ Ci >  
       Where γi is the gyromagnetic ratio of the  V or ligand  N, O nucleus, µn is the nuclear 
magneton , r is the distance from nucleus to the unpaired electron and Ci represents to the 
vanadium  3d or the ligand  2p wave functions ,its value has been reported to be 1.22 cm-1 
,and S and π are the overlap integrals : 
 
S = -2 < dx

2
-y

2 │ σ1 > 

π = 2< dxy │Py > = 2 < dxz │ pz > 

π0 = < dxz │px
(5)

 > 
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          Where  R is the vanadium-ligand distance and Rp( r) and Rs( r) are normalized radial 2p 
and 2s functions respectively .The evaluation of T(n) is well discussed in ref. [20].DII and D┴ 
are small corrections which can readily be determined from equations (11) and (12), A rough 
estimate sets DII =0.005 to 0.020 and D┴ =0.0005 to 0.0018 [20]. 
          The assignment of the electronic transition listed in table 1 together with the values of 
λ, p, s, π ,π0 and T(n) now allow us to calculate the values of the bonding parameters  β1 ,β2 
and  δ from equations (7-13).The parameters obtained in this way are in Table 3. 
 

Table (3): Molecular orbital coefficients of vanadyl complexes. 

δ β2 β1 Complex 

0.81 0.87 0.86 [I]  

0.81 0.85 0.88 [II]  

 

The values of β1  in Table 3 indicate the extent of in plane σ-bonding between the metal 4dx
2
-

y
2 orbital and the ligand  σ-orbital showing a considerable degree of covalency in the metal-

ligand bonds.The high β1 of complex [II] refers to the high delocalize atom of the unpaired 
electron on oxygen more than nitrogen donor ligand.This is predicted to be reduced the 
dipole-dipole interaction between magnetic moment of the electron and the nucleus.                                                                                        
          The values of β2 in Table 3 which indicate the extent of in-plane π-bonding between the 
metel 4dxy orbital and the ligand π-orbital show that in each complex the unpaired electron 
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lies in the metal 4dxy orbital and is strongly delocalized onto ligands.The decrease of β2 value 
for complex [II]can be attributed to the presence in the basal plane of the complex of oxygen 
ligand known to be a good π-bonding ligand.                                                                                                                       
          The values of δ explain the extent of the out of plane π-bonding between the metal 4dxz 
and 4dyz orbitals and the ligand π-orbitals.These values show an appreciable degree of 
covalency in both complexes.                                                                   
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  الخلاصة

ـــاء ألألكترونـــــي للمعقـــــد ن،ن،ن،ن        ـــة التآصـــــر والبنــ ـــس -يتضـــــمن البحـــــث تحضـــــير ودراســـــة طبيعــ أزوميثـــــين )بنزيـــــل(بــ
ون الفناديــــل مــــع أيـــ) أثيلــــين داي أمـــين  -2،1(أزوميثـــين ) بنزيـــل(بــــس  -ن،ن(والمعقـــد  )  أثيلـــين داي أمــــين  -2،1(بـــس

أســتخدمت معــادلات الهــاملتون لهـــذه .كلفـــن   77كلفــن و  298بإســتخدام تقنيــة الــرنين ألألكترونــي البرمـــي فــي درجــة حــرارة
ــاملات ألأيزوتروبيــــة مــــع معــــاملات المــــدارات الذريــــة للأوربيتــــال الجزيئــــي  المعقــــدات وأســــتنبطت العلاقــــات التــــي تــــربط المعــ

والتي تبين طبيعة التآصر لهذه المعقدات وبحسب ماأظهرته الدراسة )  1β ،2β ،δ(ئي لإستخراج معاملات ألأوربيتال الجزي
  . g 2B (Ψ(على وجود ألألكترون المفرد في المدار اللاتآصري 
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