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ABSTRACT

Copper  complexes of N- hydroxyiminodiacetic acid and N-hydroxy- o ,o-
iminodipropionic acid have been prepared . These complexes have been studied using electron
spin resonance and UV.spectroscopic techniques. The electron spin resonance spectra of these
complexes have been measured in solution at room temperature and 77K. The spin Hamiltonian
parameters have been computed to the atomic orbital coefficients in some of the moleculer
orbitals involved in bonding in these complexes. The unpaired electron is in an antibonding
orbital y(B14) compounded of the cupric ion dy, —y, orbital and oxygen o- orbital.

| NTRODUCTION

Paramagnetic metal complexes found in biological systems or which interact with
such systems have come under more attention in recent years [1-8]. In particular there has
been a great deal of interest in copper complexes which have pharmacological activity.In
connection with our recent publication [9] we have prepared some copper complexes
containing N-hydroxyiminodiacetic and N-hydroxy- a ,a-iminodipropionic acids as ligands
and their electron spin resonance have been recorded and studied in detail in order to obtain
detail information regarding bonding and electronic structures of these complexes.

EXPERMENTAL

The Tigands of N- hydroxyiminodiacetic acid and N-hydroxy- « ,o-iminodipropionic
acid were prepared as described by Anderegg [10]. The complexes of N-
hydroxyiminodiacetate [I] and N-hydroxy- o ,a-iminodipropionate [I1] with copper (II) were
prepared by dissolving (1.7X 10 mol ) of copper chloride in 20 ml ethanol and (4.5X10 mol)
of the ligand in 20 ml ethanol, the solutions then mixed at room temperature for 30 minutes.
The precipitate was filtered, washed several times with ethanol and then collected by
filteration.The ESR spectra of the complexes were recorded with avarian E-109
spectrophotometer at 298 and 77K in about 10 M CHCI;3 solutions.Visible-UV absorption
spectra were recorded on UVIDEC-650 double beem spectrophotometer . The frequencies of
the band maxima of these complexes are listed in tabe 1.

Table 1:Band maxima (cm™) in the uv-visible absorption spectra of N-
hydroxyiminodiacetate acid and N-hydroxy- a ,e’-iminodipropionate per(I1) complexes

in CHCI 3
complex AE,y AE,,
[n 15000 19000
[n 13800 21000
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RESULTS AND DISCUSSION
As shown in figure 1, the ESR spectra of the complexes recorded at room temperature

are characteristic for copper(ll) in which the unpaired electron intractes with ° Cu glvmg four
major peaks. The split shown in the first and last peaks is due to the effect of the ®>Cu isotope.
The parameters g, and A, computed from the analysis of the ESR spectra at room
temperature are listed in table 2. Fig.2 shows an example the ESR spectra of Cu(ll)
complexes with these ligand recorded at liquid nitrogen temperature. The spectrum is well
described by the axial Hamiltonian:

The spin Hamiltonian parameters extracted from the analysis of the spectra recorded at 77K are
listed in table 2.

Table 2: Spin Hamiltonian parameters for copper (11) complexes in CHCI3.All
hyperfine tensor components are in units of cm™ . Limits of error for g | and gL are +
0.0004, for A and A+ are + 0.0005.

complex g gL Al AL Jo A,
[1] 2.0910 2.0321 0.0210 0.0028 2.0517 0.00886
[ 2.0908 2.0323 0.0214 0.0030 2.0518 0.00912

The parameters listed In Table 2 show that the fundamental state of these complexes is
Dsh symmetry with the unpaired electron in the dy,.,» orbital. Therefore the antibonding
molecular orbital can be written:
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From equation 1-4 and by using the second order perturbation procedure,it is
possible to derive equations for the spin Hamiltonian parameters.

—_ _ 8_/1 2 2_
gj= 2.0023 (AEXJ[“ B2 —1(8)
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24 [ 5.2
= 2.0023-——|a“s" —g(o cereeeiineeeenn (B
g1 A 2?5 - g(0)] ©®)
where
L 1
f(8)=aap? +aapll-p>) T(n)E
1
9(5)=aa's? +aa's(-5% P T(n) /N2
With AEy_E£B2 «B2) and AE,=E(B% «E2) , iisthe spin orbital coupling
constant for the free copper ion ,its value has been shown to be 828 cm [11]. The constant

T(n) is an integral over ligand functions and arises from the calculation matrix elements of
Hamiltonian with thewave functions , its value has been shown to be 0.22[12]. In this case ,
the symmetry adapted antibonding molecular orbltals lead to analytical equations which can
be used to measure the extant of ionic bonding (o®)and extant of contact term (K) and extant
of (8°) from the magnetic parameters listed in Table 2.

2
Ap= { K—4“ +(g, ~2.0023)+ 3(‘9’%20023)} ()
2
AL:P{—K+20{ +11(9f2-°°23)} ............ @
7 14

Where P = 27cuﬂ6ﬂﬁN< <d><2—y2

r’s‘dxz_y2> , its value has been shown too be 0.036 [13]. The

w(B1g) ground state orbital has been normalized giving .
o’ +(a') —2aa's=1
Where s is the overlap integral

S =%><dXZ oW+ 0?46 —0'(4)‘>

-y y X y

and its value has shown to be 0.076[12].

Now the values of the bonding parameters o,a ,# and 6 could be evaluated using
equations (5-8) and assignment of the electronic transition listed in Table (1). The parameters
obtained in this way are listed in Table 3.

Table 3: Molecular orbital coefficient for copper (I1) complexes

complex o of B 0
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M 0.85 053 0.88 0.90
[ 0.86 051 0.87 0.91

The values of a reported in Table 3, which refer to extent of in-plane o-bonding
between the metal 3dy..y» orbital and the ligand o-orbitals and it is arise from the dipole-
dipole intraction between magnetic moments associated with the spin motion of the electron
and the nucleus. This is predicted to be reduced by delocalization of the unpaired electron to
the neighbouring ligands .Its value decreases with increasing covalency to theoretical value of
0.5 and increasing to a maximum value of 1.0 for completely ionic copper-ligand bond. The
value of o shows that for both complexes the unpaired electron lies in an antibonding
molecular orbital compounded out of the 3dy..,» orbital of copper and oxygen o-orbital .
However , as the a covalency factor describes tF\e relative weight of the copper 3d orbital in
the smgly occupied ground state , the stronger covalency should result in a smaller hyperfine
interaction.

The values of B listed in table 3 indicates the extent of in-plane n-bonding of metel
3dyy orbital and the oxygen 3P« and 3Py orbitals , showing a great degree of covalency in the
copper-oxygen bond.The values of § are indicate the extent of the out-of-plane n-bonding
between the metal 3dy,, and 3dy, orbitals and the oxygen mi-orbitals, and its values show an
appreciable degree of covalency in copper-oxygen bond for these complexes.
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