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Abstract

Cobalt(Il), nickel(Il), copper(Il) and zinc(Il) complexes of the type
[(M),L,Ly(p-CH3CO0),2(H20)4 J(where M=Co(Il), Ni(Il), Cu(ll), or Zn(Il); L;=
benzil while, L,= deprotonated ethylene glycol) have been synthesized by 2:1:1molar
ratio for metal: benzil and ethylene glycol.Also[(M),L;L;(u-CH3COO),(H,0)4]
complexes (where M= Co(Il), Ni(Il), Cu(ll) or Zn(Il); L= benzil while L;=
deprotonated catechol) have been synthesized by 2: 1: Imolar reactions of metal
acetate with benzil and catechol. The resulting complexes have been characterized by
the metal content measurements, molar conductance measurements, infrared,
electronic spectra and magnetic moment measurements. The complexes are non-
electrolytes as is evident from low values of their molar conductance. The infrared
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spectral studies of all the complexes indicate that the ligands behave as bidentate
chelating ligands.Also, the Infrared studies show that the water molecules are
coordinated in the complexes and the metal centres are bridged by bidentate
CH;COO groups. The different studies reveal dinuclear nature of the complexes and
the two metal atoms are hexacoordinated with octahedral geometry.

Introduction

Mixed ligand complexes play an
important role in biological processes,
as examplified by many instances in
which enzymes are known to be
activated by metal ions . Such
complexes have been implicated in the
storage and transport of active
substances through
membranes” . Many  mixed ligand
complexes are finding applications in
the microelectronic industry, chemical
vapour deposition of metals and as
drugs“?. Mixed ligand complexes
have been used in the analysis of semi-
conductor materials”.  There is
growing awareness associated with
electrochemical, magnetic and
spectroscopic studies of homobinuclear
mixed ligand complexes”” due to
their biological interest. The synthesis
of bimetallic complexes is interesting
because  they exhibit magnetic
exchange between the two metal ions®
or tendency to undergo multielectron

redox reactions''?. Polynuclear
—0
—0
L)

complexes containing bridging groups
are of current interest due to their
versatile molecular topologies and
wide applications such as catalytic and
electrochemical applications"” also
antibacterial '  and antityrosinase
activities'”. The carboxylate groupis
one of the most widely used bridging
ligands for designing polynuclear
metal complexes with interesting
magnetic properties. Normally, each of
the two oxygen atoms of a carboxylate
group are bonded to a different metal
atom to form a M-O-C-O-M bridge'?.
Finally, binuclear complexes have
been found to be better catalysts than
the mononuclear complexes"”.

The purpose of the present study
is to synthesize complexes using OO
donor atoms ligands, benzil(L;) and
ethylene glycol(L,) or catechol(Ls),
with these ligands, we have obtained
pure di-atomic acetate oxygen bridged
dinuclear complexes and  have
characterized them both structurally

and magnetically.
——OH OH
OH
—OH
L) L)
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Experimental
1.Chemicals:

All chemicals used in the
present work including Co(CH;COOQ),.
4H,0,Ni(CH3C0O0),.4H,0,Cu(CH;CO
0),.H,0,Zn(CH3C0O0),.2H,0, benzil,
ethylene glycol, catechol and solvents
are Analytical Reagent (A.R) grade
used without further purification.

2. Analytical and physical
measurements:

Metal contents have been
determined by applying gravimetric
method"'® after the decomposition of
the complexes with concentrated nitric
acid. Melting points were determined
by using electrothermal 9300 digital
apparatus. Molar conductivities of the
complexes have been measured in an
electrolytic conductivity measuring set
LF-42 using 0.001Mof the complexes
dimethylformamide (DMF) solutions
at room temperature. IR spectra were
recorded on a Bruker tensor 27
spectrophotometer in the 400-4000 cm”

range using KBr disc. Electronic
spectra were recorded on a Shimadzu
1601 spectrophotometer in DMF at
25C" for 0.001M solution of the
compounds using a 1 cm quartz cell.
Magnetic  susceptibilities of  the
complexes have been measured by
Brucker B.M.6, using Faraday method.

3.a. Preparation of the
homobinuclear mixed ligand
complexes[(M); L{L> (n-
CH;CO00),(H,0)4]

The complexes were
synthesized by the reactions of a hot
ethanolic solution of (0.02 mol) of
metal acetate hydrate with a hot
solution of (0.01 mol) of ethylene
glycol. The pH has been adjusted to 6-
8 with NaOH solution (1.25M). using
of a pH paper. The mixture was
refluxed for four hours, then (0.01 mol)
of benzil in the same solvent was
added to the mixture and the pH
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readjusted again. Refluxing was
continued for extra three hours. The
complexes thus formed were collected
and washed with distilled water and
ethanol to remove the unreacted
starting material and then were dried in
air.

3.b. Preparation of the

homobinuclear mixed ligand
complexes[(M); L;L; (u-
CH3C00),(H,0)4]

The complexes were prepared
by the same general method as
described above except using 0.01 mol
catechol instead of ethylene glycol.

Results and Discussion

All the prepared complexes
were as powders, stable in air at room
temperature.Their ~ analytical  data
together with some physical properties
are summarized in table 1.The reaction
of metal acetate hydrate with benzil
(Li) and ethylene glycol (L) or
catechol (L3) in ethanol (molar ratio
2:1:1) yields complexes of the general
formula [(M), LiLy(p-
CH3COO)2(H20)4].

(M=Co(II), Ni(II), Cu(Il) or Zn(II);
while y=2 or 3).

Based on the metal content
measurements have been supported the
general formula: [(M).LLy(p-
CH3;COO0),(H20)4], which shows that
in each complex the ratio of metal:
ligand: ligand is 2:1:1.The molar
conductance of the complexes (Aym) in
DMF is in the range (25-7)ohm™ cm®
mol” (table 1), indicating a non-
electrolytic in nature and that no
inorganic anions such as CH;COO
ions are present in outer sphere
coordination!”. The  non-conducting
character reveals the presence of
(CH3COO) groups and metal ions in
the coordination sphere.
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Table(1): The physical and analytical properties of the compounds

Compound Colour mp Y(i);’ld % Metal Am
C ° Calc.(found)

Benzil Lemon 94-95
Ethylene glycol Colourless | 198(bp)
Catechol Cream 104-106
[(Co),L1Ly(u-CH3CO0),(H,0)4] Dark gray 344d 51 20.39 (21.22) 20
[(Ni),L; Ly(u-CH3COQ),(H,0)4] Light green 331d 62 20.33 (19.83) #
[(Cu),LiLo(u-CH;CO0),(H,0)4] Pale black 312 47 21.64 (22.07) 24
[(Zn)2L1L2(|J—CH3COO)2(H20)4] Nacre 302 62 22.13 (2304) 7
[(Co),LiLs(u-CH;CO0),(H,0)4] Black 324d 70 18.83 (19.251) 12
[(Ni),L;L3(u-CH3CO0)>(H20)4] Black 303 68 18.77 (18.63) 14
[(Cu),L;Ls(u-CH3CO0)2(H,0)4] Khaki 287d 71 20.01 (20.75) 25
[(Zn),L;Ls(u-CH3COQ0),(H20)4] Icy gray 291 59 20.46 (21.24) 22

bp= boiling point; d= decomposition; calc. = calculated; # = very poor

soluble.

IR spectra:

The IR spectra provide valuable
information regarding the nature of
functional group attached to the metal
atom (table 2).The IR spectra of
ethylene glycol and catechol show
bands at 3384 and 3329 cm’
respectively, assignable to v(OH).The
absence of these bands,noted in the
spectra of the complexes, indicates the
deprotonation of the OH group on
complexation.Instead, a band
characteristic to v(OH) of coordinated
water was observed in the region
(3474-3404) cm™"®. Also, the IR
spectra of complexes show peaks in the
regions (876-865) and (795-787)cm’
! this was agood confirmation for the
presence of coordinated water,
assignable to the rocking and wagging
modes, respectively. The IR spectrum
of benzil (L;) shows a band at 1677
cm’™, assignable to v(C=0) (carbonyl
group). In the IR spectra of the
complexes, this band is shifted to
lower frequencies (1660-1614)cm™,
indicating the involvement of C=O
oxygen in coordination with the metal
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ion” and forming five membered

chelate ring. The C-O stretching
vibrations appeared at 1254 and 1281
cm™ in the spectra of ethylene glycol
and catechol respectively. These bands
are shifted to lower frequencies in the
spectra of complexes (table 2).This
shift confirms the participation of
oxygen of ethylene glycol and catechol
in the C-O-M bond“®” and forming five
membered chelate ring.In the IR
spectra of the complexes, the
absorption bands in the regions (1593-
1578) and (1449-1399)cm™, which are
associated with the asymmetric and the
symmetric  stretching modes in
carboxylates,  respectively.The  Av
value (vas-vs) of the carboxylate is
(179-131) cm™ and provides good
evidence that the carboxylate group
acts as bidentate bridging units to
metal (II) ions *'*¥.

Finally, assignment of the
proposed coordination sites is further
supported by the appearance of new
bands in the region (599-459)cm’,
which could be attributed to the
formation of M-O bond®?.
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Compound ) L L Vg L L Rocking | Wagging L
(OH) | (H,0) | (C=0) | (COO) | (COO) |(C-0-M)  (H0) H0) | M-0)

L - - 1677 - - - - - -

L, 3384 - - - - 1254 - - -

L; 3329 - - - - 1281 - - -
[(Co0)2LiL(u-CH;COO), (H0)4] - 3444 1660 1578 1409 1211 876 795 517
[(Ni)>LiLa(u-CH3COO)2(H20)4] - 3442 1614 1593 1449 1211 875 794 514
[(Cu),LiLy(u-CH;COO0)2(H20)4] - 3450 1614 1579 1410 1211 875 794 518
[(Zn),LiL(u-CH3CO0),(H20)4] - 3444 1660 1578 1399 1211 876 795 468
[(C0),LiL3(u-CH;COO0)»(H20)4] - 3418 1660 1579 1448 1251 865 787 599
[(Ni),LL3(u-CH3COO)(H20)4] - 3424 1660 1578 1419 1245 874 793 467
[(Cu)2LiL3(u-CH;COO)2(H20)4] - 3474 1616 1579 1409 1245 876 795 459
[(Zn)>LiL3(u-CH3CO0)2(H20)4] - 3404 1631 1590 1413 1245 876 794 465
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Electronic absorption spectra and
magneticmoments:

Electronic absorption spectra of the
complexes were recorded in DMF solution
(table 3).The measured magnetic moments
of these complexes are shown in table 3.

a.The electronic spectra and the
magnetic moments of [(M),L;L, (p-
CH3CO0O0)2(H20)4]

The cobalt complex spectrum
shows two bands observed at 10914
and 17482 cm™, which may be
assigned to *T g (F)—"Tag (F) (v1) and
*Tig (F) —*Tig (P) (v3) transitions,
respectively. The UV-Vis. spectrum of
Co(Il) complex is consistent with the
formation of an octahedral
geometry® . The magnetic moment of
3.3 B.M. per Co atom, indicates that,
as expected, magnetic exchange occurs
between the two cobalt sites. On the
basis of the magnetic data, the cobalt
(II) complex has a binuclear structure
@9 The electronic spectral study of the
nickel (II) complex was unsuccessful
due to its poor solubility in common
organic solvents such as DMF and
actually it shows a band at 26316 cm™,
assigned to  JA,g(F) —’Tig(p)
transition **. The magnetic moment of
2.41 B.M per Ni atom, is below the
calculated value, 2.83 B.M., indicating
spin-exchange interaction between the
nickel (II) ions®”. The electronic
spectrum of the copper (II) complex
shows a band at 15674 cm™ due to the
’Eg — °T,g transitions, suggesting a
distorted octahedral structure®”. The
magnetic moment per Cu (II) ion, 1.42
B.M., is well below the calculated
value, 1.73 B.M., indicating spin-
exchange interaction between the
copper (II) ions“?.Since the zinc ion
has d'° configuration, the absorption at
27173 cm’could be assigned to a
charge transfer transition'*”.Zn(Il)
complex is diamagnetic as expected for
the d'° configuration.However, taking
into account the spectra and other
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physiochemical ~ evidences,  hexa-
coordinated octahedral geometry is
suggested for Zn(IT) complex®?.

b. The electronic spectra and the
magnetic moments of[(M),L;L3(p-
CH3COO)2(H20)4] .

The cobalt complex spectrum
shows three absorption bands in the
visible region at 10080, 14970 and
17301 cmassigned to ‘T g(F) —
Tog(F) (v), “Tig(F) — “Axg(F) (v2)
and “T,g(F) — *T,g(P) (v) transitions,
respectively.This  is  typical  of
octahedral environment around the
cobalt ion *?. Themagnetic moment of
3.44 B.M. per Co atom, indicates the
magnetic exchange occurs between the
two cobalt sites, supporting a binuclear
structure for the cobalt ion(I)*®.For
nickel (II) complex, three bands were
observed at 9803, 19762, and 23041
cm’, assigned to ’Ag(F) — T,g(F)
(v1), *Axg(F) — °Tig(F) (v») and
‘Axg(F) —°Tig(P) (vs) transitions,
respectively, which supported an
octahedral arrangement around d*
Ni(II) ion*.The magnetic moment of
2.57 B.M per Ni atom, indicates that
magnetic exchange occurs between the
two nickel sites.On the basis of the
magnetic data, the nickel(Il) complex
has suggested to have a binuclear
structure®®. The Cu(Il) complex shows
a d-d absorption band at 14534 cm’
corresponding to ‘Eg — “Tog
transition, supporting a distorted
octahedral configuration®”. The Cu(II)
complex has a low g value (1.56
B.M. per copper).This may be caused
by a strong copper-copper
interaction® Finally, the absorption
spectrum of Zn(Il) complex shows no
bands due to d-d transition, since it has
d" configuration, while the absorption
at 26315 cm™, is assigned to the charge

transfer  transition””. Taking  into
account the spectral and other
physiochemical  evidences,  hexa-

coordinated octahedral geometry is
suggested for the Zn(II) complex?).
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Table (3): The electronic spectra and magnetic moments of the complexes

Complexes Band Ab‘sorptio_rll Plossible Leff
(nm) region(cm’) assignments (B.M.)
914 10940 T g(F) — *Tag(F)
[(Co),L; Ly(n-CH3COO0),(H,0)4] 3.34
572 17482 “T,g(F) — *“Tig(P)
[(Ni),L; L(u-CH3 COO),(H,0),4] 380 26315 *Arg(F) - Tig(P) | 241
[(Cu),L; La(u-CH;CO0),(H,0)4] 638 15674 ’Eg —T,g 1.42
[(Zn),L;La(p-CH3COO)2(H20)4] 368 27173 Charge transfer Dia*
992 10080 “T1g(F) — *Tag(F)
[(Co),L;L3(n-CH3COO0),(H,0)4] 668 14970 “Tig(F) — *Asg(F) | 3.44
578 17301 *T\g(F) — *“T1g(P)
1020 9803 3A,g(F) — *Tag(F)
[(Ni),L L3(u-CH3COO0)2(H,0)4] 506 19762 SAsg(F) — *Tig(F) | 2.57
434 23041 3Ag(F) — >Tig(P)
[(Cu),L, L3(u-CH;COO),(H,0)4] 688 14534 ’Eg — *Tag 1.56
[(Zn),L;L3(p-CH3COO)2(H20)4] 380 26315 Charge transfer Dia*
*Dia= Diamagnetic
Conclusions suggested for these types of complexes

From the above discussion and as shown below: (Figures 1 and 2).

data given in tables 1, 2 and 3, it is
concluded that both ligands in the
general formula [(M), L; L, (p-
CH3COO)2(H20)4] coordinated  as
bidentate  chelating ligands.Further
coordination at the metal ion was
occurred by two molecules of water on
the Z axis (axial ligand) to each
metal. And additional coordination by
two carboxylic groups to the central
atoms, also can be observed giving
hexa coordinated metal ions. Thus an
octahedral molecular geometries are
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Figure (1): Suggested structure of the octahedral binuclear [(M),L,L,(n-
CH;CO00), (H,0),]complexes
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Figure (2): Suggested structure of the octahedral binuclear [(M),L;L;(u-
CH;C00), (H,0),]complexes
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Figure 3): The IR. Spectrum of the [(Zn),L;L,(un-CH3;COO),(H,0)4]complex.
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Figure (4): The U.V-Vis. Spectrum of the[(Co),LL3(u-

CH;COO0),(H;0)s]complex.
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