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Abstract
A number of complexes in the series (Cu LL’),, where L= [(CH3)3C-CO-CH-CO-

C(CH,),]* and L'=

3-(Me) CH,0, 2,6-Di-Me)CH,0, 4-(OHICHO, 3- (F)

CH,0,4-Br)CH ,0,and 3,5-(Di-Me)C H,O havebeen prepared and their magnetic

and optical properties

determined. In chloroform, the complexes exhibit two bands

in the visible and near UV regions. All complexes show room temperature magnetic
" moment order of 1.0 B.M. per copper atom. The X-band ESR spectrum of solution
samples at room temperature shows typical Am=1 transition. An electron release or
withdrawing group on bridging ligand causes a great change in spin-spin interaction
and is observable at Am =2 transition at half-field, which is the characteristic of

dimeric unit.

Introduction

The study of transition metal ion complexes by magnetic
and optical techniques has furnished a considerable body
of empirical data, much of which can be understood in
terms of the phenomenological ligand field theory [1]. The
major portion of this data is primarily concerned with
complexes containing a single paramagnetic transition
metal ion; relatively little information is available on
dimeric or trimeric coordination complexes [2].
Compounds ‘containing niore than one metal atom with
unpaired electrons can generally be categorized according
to their magnetic behavior into three main groups,
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depending on the strength of the metal-metal interaction.
In the strongly interacting type, formation of relatively
strong metal-metal bonds occurs, and the molecule will
display simple diamagnetic behavior. In the non-interacting
type, the magnetic properties of the dimer (or polymer) are
essentially unchanged from the paramagnetic monomer.
In the weakly interacting type, there will be a weak
coupling between the electrons of the two metal ions,
leading to low-lying excited states of different spin which
can be populated at thermal energies of about 1000cm™ [3-
7]. The resulting magnetic behavior will be
antiferromagnetic or ferromagnetic, depending on whether
the low spin (spins paired) or high spin (spins parallel)
state is in the ground state [8-13].

In the last forty years, there has been considerable
interest in the development of binuclear copper(Il)
complexes [14-17].Ithas been found that ligands (specially
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molecular orbitals (HOMO) accidentally degenerate into

B, *andB, *orbitals[45], eachof whichissingly occupied.
Hence the study of copper(ll) - copper(Il) exchange
interactions of substituted phenoxo-bridge binuclear
copper(Il) compiexes has recently received extensive
attention in our group. The complexes can be formulated
as [(chelate) Cu (OAr), Cu (chelate)] and their optical and
magnetic properties are interesting. The mechanism of
exchange interactions in polynuclear metal complexes has
been the subject of much experimental and theoretical
work. Such major interest arises because the subject
occupies a frontier area between coordination chemistry
and solid state physics [34-38].

In this paper, the synthesis and optical properties of six
new binuclear copper(II) complexes bridged by substituted
phenoxo ion, (CuLL'),, where L is 2, 2, 6, 6-
tetramethylheptanedionato and L' = 3-(Me)C .H,O-, 2, 6-
(Di-Me)C H,0, 4-(OH)CH, O, 3-(F)CH,O", 4-
BrCHO, and 3,5-(Di-Me)C, H ,O are reported The
complexes have nearly identical hgand field spectra and
therefore, undoubtedly, have close similar structures,
{39,40]. The spectrum of the complexes in chloroform
shows two absorption bands in the UV-visible region. The
spectral data are presented in Table 1. The band with lower
energy is due to d-d transition [41]. The second absorption
band for these compounds is found in the higher energy
region. This absorption band suggests that the complexes
have oxo-bridged binuclear structure and the absorption is
attributed to charge transfer from non-bonding orbitals of
bridging oxygen atoms to the vacant copper d-orbitals [42,
43). In all spectra which are measured in chloroform, this
absorption is rather strong, while in the solid state, this
absorption band is very weak or is seen only as a shoulder

in the spectra. A similar behavior has been found in some
other oxygen bridged copper(Il) complexes [44]. The
explanation as to why the complexes do not show adistinct
absorption band in this region in the solid state spectra, is
that the dimeric complexes are as tetramers or polymers in
the solid state. In the tetramer case, the bridging oxygen
has only one non-bonding orbital, and in the polymer case,
there are no non-bonding orbitals. Thus, the charge transfer
in the former case is weak and in the latter case non-
existent. Hence, we conclude that the complexes are dimer
in  solution. As has been noted elsewhere [45, 46], the
Cu,0, bridging fragment has approximate D,, symmetry.
ItlsalsofoundmattheenureCuzO systemlsapproxlmately
planar [47]. Thus, if one examinesthe 6-bonding framework
of the bridge (under these conditions the ground state is the
triplet and therefore J>0), any appreciable change in ¢
from this value raises the degeneracy of these two orbitals
and eventually leads to a singlet ground state J<0.

Low resolution mass spectroscopic data provide initial
support for the binuclear nature of most complexes which
are collectedin Table 3. The molar magnetic susceptibilities
of complexes were measured in chioroform using the
method described by Evan [48]. The shifts of the proton
resonance lines of inert reference molecules in solution
caused by paramagnetic substances are given by the
following theoretical expression: ‘

o= %t (3000 Af)/(2ref m)

Where x,, is susceptibility of complex/gr., Af is the
frequency separation between the two lines incycles /sec.,
m is the concentration of the solute in gr/L, f is the
frequency at whichthe proton resonances are being studied

Tabie 1. UV//VIS and IR data for (CuL.L"), complexes

Ligand L' A oy v (em?)
Cu-L Cu-LV

L 532.5,657.6 | 254,270 ——eee

3- methylphenol 526, 642 256,270 235,303
2,6-dimethylphenol 532.5,6549 | 254,283 237, -----
4-hydroxyphenol 537.7,660.2 | 248,270 283, -
3-fluorophenol 529.9,647.2 | 256,270 248, 293
4-bromophenol 516.8,579.2 | 256,271 237,302
3,5-dimethylphenol 524, 648 256,271 e~
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in cycles/sec., and x, is the mass susceptibility of the
solvent. The chloroform solutions of complexes about 2%
of t-butyl alcohol is as inert reference substance and the
same concentration of ¢-butyl alcohol is also placed in a

second NMR tube as the reference sample and their spectra’

obtained. The methyl proton signals for +-butyl alcohol in
these two tubes were recorded. The presence of copper(Il)
dimer in the t-butyl alcohol solution makes the bulk
susceptibility different from that of the reference. The
separation of the two signals (Af) was found and it is
considered as paramagnetic shifts. By having thex , . itis
easy to calculate the effective magnetic moment (1 ;) of
all complexes with the following equation

W =283 (x, T

The effective magnetic moment of all complexes are
calculated and presented in Table 2. The observed ESR
parameters for the complexes are independent of the
nature of the solvent. The X-band ESR spectra of the
solution samples at room temperature except for Am=2
transition, show typical triplet state features with Am=1
transition. The spectroscopic splitting factor (g,,) for all
are presented in Table 3. :

A much weaker Am=2 transition for all complexe:
confirming the occurrence of aCu..... Cumagnetic exchange
interaction at half-field, which is the characteristic of the
dimer unit [49-51].
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The ESR spectra obtained at 130° K are similar to those
ohserved for the room ition, but with higher resolutions.
The suggestion that the complex is (Cull),, is also
supported by its infrared spectrum. A strong absorption at
about 300-230 cm™ region may be attributed to the
symmetric infrared activity of Cu-O bond in D,, symmetry
and O-Cu-O deformation frequencies should be below 220
cm? [40]. The most important difference between the
spectra of ligand L' and its copper(Il) complex can be
found in the region 3500-3300 cm™'. When going from free
L' ligand to the complex, the stretching vibration v,
disappears, showing that the OH group of the L’ has been
deprotonated on coordination to the copper(Il) ion.
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