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ABSTRACT o

The electron spin resonance spectra of vanadyl domplexes of N,NN,N -
Bis(benzil) azomethine Bis(1,2-ethylene diamine)d aN,N-Bis(benzil) azomethine 1,2-
ethylene diamine have been studied in solutioroahr temperature and frozen glasses.The
spectra have been analyzed and the componentsaj tensor and hyperfine tensors of
complexes have been obtained.The unpaired eletstriarthe antibonding orbital ¢g§.The
spin Hamiltonian parameters have been equatedotoi@atorbital coefficients in some of the
molecular orbital involved in bonding in these cdexes.

INTRODUCTION

The role of vanadium as a biometalwsll established [l]and encompasses
stimulating and regulatory as well as inhibitorydRVanadium has also been recognized as
an essential element in photosynthesis [4-6]atalyti@ally active center in some biosystem
[7-11].Most of studies of vanadium complexes focusen the spectroscopic and
thermodynamic properties [12-14].In the present epapESR spectra obtained from
magnetically dilute glasses containing some Sdhéses complexes of vanadyl ion were
described,which are analogues to the complexesaodlination environment of vanadyl ion
with large biomolecules [15,16] in order to obtdatailed information about the structure and
the nature of the bonding in these complexes.Thectsire of the studied complexes are

shown in Scheme 1.
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EXPERIMENT o

. The Schiff bases of N, ,N -Bis(benzil) azomethine Bis(1,2-ethylene diamine)l a
N,N-Bis(benzil) azomethine 1,2-ethylene diamine werepared as described by Khahawer
and Memon [17].The complexes of NNI|,N -Bis(benzil) azomethine Bis(ethylene diamine)
[1] and N,N-Bis(benzil) azomethine 1,2-ethylene diamine [lifhwwanadyl ion were prepared
by dissolving 6.3x18 mol of VOSQ in 10 ml KO and 5.3 x18mol of the ligand in 25 ml
ethanol,the solutions then mixed at room tempeeatar 30 minutes.The precipitate was
filtered ,washed with ethanol and then collectedilbgration.

The ESR spectra of the complexes wereorded with a varian E-109
spectrophotometer whose operating frequency is®G8, and field set is 3400 G at 298 and
77 K in about 18 M CHC solutions. Visible-absorption spectra were recorded)VIDEC-
650 double beam spectrophotometer.The wave numbferthe band maxima of these
complexes are listed in Table 1.

Table (1): Band maxima (cnm) in the vis. absorption of N,NN',N" -Bis(benzil)
azomethine Bis(1,2-ethylene diamine) and N,MBis(benzil) azomethine 1,2-ethylene
diamine vanadyl ion complexes in CHG.

comple» AEX2z Log (€) AEX-y* Log(€)
[1] 1670( 3.92 1700( 3.81
(g 1610( 3.8¢ 1750( 3.8t

RESULTS & DISCUSSION

As shown in Fig. 1 the ESR spectrum efdbmplexes recorded at room temperature is
characteristic for V& in which the unpaired electron interacts giving eight major
peaks acoording to the rule (2I1+1) which | is tipgnsquantum numbergt value 7/2,with
relative intensities 1:7:21:35:35:21:7:1 acoordingPasca triangle which is refers to the
delocalization of electron about the nucleus [18/hI€ 2 lists the isotropiw@nd A obtained
from the analysis of the ESR spectra for these d¢exep.Upon freezing the solutions at
77K,the recorded ESR spectrum revealed axially sstrimpattern as shown in Fig. 2.

foog |

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

Table(2): Spin-Hamiltonian parameters for VO™ complexes in CHC4 .All hyperfine
tensor components are in units of cim,limits of gn and gL are +0.0004,for A are

+0.00005
complex o oL Ay AL oL Ay
[1] 1.989: 1.972( 0.0060: 0.0027° 1.978¢ 0.0038t
[ 1.989: 1.971¢ 0.0060 0.0027¢ 1.978¢ 0.0038
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Figure (2): ESR spectrum of complex [I] at 77 K.

The complexes considered here have §§mmetry with unpaired electron are in thgy3d
(b2) (B2) orbital form coplanar bonds between the vanadinmand the ligands,the vanadyl
oxygen is attached axially above the vanadium asvshin Fig. 3 [19] and the vanadium
atom lies slightly above the plane formed by ther feingly-bonded atoms.
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Figure(3): The structure of complex[l](c orbital)

The relevant antibonding molecular orbitalstfiese complexes can be written :
1
lIJ(BZQ): Bdey +EB/2(P>51) + P)Ez) _ Pf’) _ P(4))

X

W(By)=Bd,. . + %Bi (¥ -o@+o®-o) @)
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W(E,)=od,, +5PE + \/%5” PO-p@) 3)
Wa)=a,(d?+s)+alc® L (4)
W(a,) = a,(d? -5 )—%an(o” +ra@+o@+0®) (5)

The & represent vanadium 3d orbitals,,t8e vanadium 4s orbita; refers to an sp
ligand orbital directed towards the vanadium nusfée (s are ligand 2p orbltals dlrected
along the molecular axis,and the subscript 5 indg#ghe vanadyl oxygen. Tmlé o 88"
are coefficients of the Ilgand wave functions [20].

The appropriate spin Hamiltonian fosteystem has the form [18].

H=po [ S Hz+ gL (ScHe+ S Hy ) + AV SV 1LY +
A_L(V) (S( |X(V) + S/ |y(V) )] +Z [A”(N) S, |Z(N) + A_L(N)(S( |X(N) +Sy |y(N) ]
N

Where ( z ,; ) and (Xx,y& ) refer to the directions parallel and perpendicula
respectively to the vanadyl V-O bonds, (8" ) refer to the electron spin ,the vanadium
nuclear spin and the ligand (nitrogen for compgléand also oxygen for complex ()
nuclear spins respectively , H is the applied magrield and o is the Bohr magniton. The
spin Hamiltonian parameters extracted from thdyaisaof the spectra recorded at 77 K are
listed in Table 2 .From equations (1-5) and by gishe second order perturbation procedure
it is possible to derive equations for the spinvinian parameters [20].

8BRS |, _ 1(BiB; (B | B
g, = 2.0023- 2E. . [1 [BlBJT(n) {Bl Js {Bz H ........ (7)
_ BAB3S* | 1(3"B, |1 (B2 ) (3
g, =2.0023- AE, {1 2[ 5, j[zj [Bz jn { 5 jno} ....... (8)
A = _ 2(ﬂ'+kj_8“BfB§ _6)\8562 (9)
n A7 AE. . TAE,

2 11\B25?
As= P{Bg(__kj_ 7AE2 }
Xz

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Structure and Molecular Bonding Parameters from BSSpectra of..

A= F{— Bg(;' + kj + (gl_| - 2.0023+;(gg

~20023+D,, +§DD} ..... (11)

o2 11 11
= — -k |+—=(g,-20023+—=D
. P{82(7 j 14( )14 }
A, =-PK-(20023-g, ) L (13)

Where A is the spin-orbit coupling constant for the vanadiion in the appropriate
valence state |ts value has been shown to be 135[28), K is the isotropic Fermi contact
parameterA E¢,? andA E,, are the transition from the,B state to the Band E states
respectively ,there values are listed in Tablentl R is :

P =2y moua<Ci [r 2| Ci>

Wherey; is the gyromagnetic ratio of the V or ligand ®,nucleusy, is the nuclear
magneton , r is the distance from nucleus to theawed electron and;Cepresents to the
vanadium 3d or the ligand 2p wave functionsvékie has been reported to be 1.22%'cm
,and S andt are the overlap integrals :

S=-2<d’’ | o1>
n=2<dy|P,>=2<d | p.>
mo= < O |px(5)>

T(n)is:

T(n)=n —\/%(1— n2)f R]:rZRp(r)%[Rs(r) dr

0

Where R is the vanadium-ligand distsawoe R( r) and R( r) are normalized radial 2p
and 2s functions respectively .The evaluation of) ¢ well discussed in ref. [20],0and Do
are small corrections which can readily be deteechimom equations (11) and (12), A rough
estimate sets |p=0.005 to 0.020 and:D=0.0005 to 0.0018 [20].

The assignment of the electronic tramsilisted in table 1 together with the values of
A, P, S,mt ;e and T(n) now allow us to calculate the valueshefbonding parameterg; ,B2
and ¢ from equations (7-13).The parameters obtaineligwiay are in Table 3.

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

Comple> By B2 3
M 0.8¢ 0.87 081
i 0.8¢ 0.8t 081

The values op; in Table 3 indicate the extent of in plamdonding between the metal Ad
y2 orbital and the ligands-orbital showing a considerable degree of covalendaye metal-
ligand bonds.The higf: of complex [ll] refers to the high delocalize atmhthe unpaired
electron on oxygen more than nitrogen donor ligahid. is predicted to be reduced the
dipole-dipole interaction between magnetic momérhe electron and the nucleus.

The values g, in Table 3 which indicate the extent of in-plannbonding between the
metel 4qy orbital and the liganet-orbital show that in each complex the unpairedtede
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lies in the metal 4¢ orbital and is strongly delocalized onto ligandseTdecrease g, value
for complex [llJcan be attributed to the presentéhie basal plane of the complex of oxygen
ligand known to be a goadbonding ligand.

The values af explain the extent of the out of plarmdonding between the metal.4d
and 4¢, orbitals and the ligand-orbitals.These values show an appreciable degfee o
covalency in both complexes.
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