Tikrit Journal of Pure Science 16 (2) 2011 ISSN: 1813 - 1662

Synthesis and characterization of some transition Metal homo binuclear
complexes

Maher A. M. Al-Ta'yy', Maha L. J. Al-Samarie’
! Dept . of Chem. , College of Education for Girls, Univ. of Mosul , Mosul , Iraq
2 Dept. of Chem. , College of Science , Univ. of Tikrit , Tikrit , Iraq
(Received: 1/11 /2009 ---- Accepted: 14 /2 /2010)

Abstract
Benzilidenedi(benzoylhydrazine) (BDBH, )prepared form benzil and benzoylhydrazine, has been isolated and

reacted with some transition metal Fe(Il), Co(ll), Ni(Il) and Cu(ll) in both neutral and basic media the reactions
have shown to yield complexes of the general formulae [ M,(BDBH,), X,]X. and [ M, (BDB),] (where BDBH,

and BDB? are the neutral and dibasic forms of the ligand, X =CI~orNO; ) the complexes are characterized by

analytical ,physical and spectral methods .

These measurements have shown that the ligand acts as neutral tetradentated in neutral medium, while in the
basic medium, the ligand behave as dibasic tetradentated giving binuclear complexes with the most probable
octahedral structure.

Introduction

In acid hydrazides, the presence of two nitrogen Conductivity measurements are made on 10° M
atoms in addition to the carbonyl group makes it sojytions of the complexes in DMF at 25°C by using
possible for such compounds to act as ligands™®. The  -onyctivity measuring apparatus model LF-42

coordination chemistry of acid hydrazides and their 110 ligand  benzilidenedi (benzoylhydrlazine)

Schiff bases with aldehydes and ketoses are of special (BDBH.) is synthesized by the condensation of 1:2
interest in a variety of ways in which theses species molar sz benzil and benzoylhydrazine

could be bonded with the metal ions®*. their reaction ! S 3 .
in neutral and basic media gives different types of A solution (0.01 mol) of benz!l n (159m ) ethaqo! 1S
added slowly to an ethanolic solution containing

metal complexes. Also, they can coordinate with (0.02mol) of benzoylhydrazine in ethanol (15cm®).

more than one donor atom, act as multidentate The mixture is boiled under refluxed for 3 hours, and
ligands and formation of oxygen bridged bi-and tri- 70y Prpe Precipitated ligand is filtered off

nuclear complexes have been reported®®. In addition . .

to their ability to act as complexing agents, these ,washed with cold ethanol and then recrystallized
ligands play an important role in form ethan_ol. .
biological systems and they have proved to be " reparation of the Complexes:

antitumour and numerous activities®Y. All the complexes were prepared by the same

The present work describes the preparation and  Procedure as follows: .
characterization of homo binuclear complexes of An ethanolic solution of the metal salt (0.01mol) in
Fe(I), Co(ll), Ni(Il) and Cu(ll) formed with ethanol (15cm®) was added to hot stirred solution of

- - 3 -
benzilidenedi (benzoylhydrazine) in neutral and basic  the ligand (0.01 mol) in ethanol (15cm”). The solution
media. so obtained was subsequently treated in two different
Experimental ways. In the first method, it was refluxed for ca 30

All chemicals are of analytical grade and used as minutes with occasional shaking and on cooling,

Iv without further ourification. Infrar r colored crystals were s_eparated out. In the second
Zl:g)p i/ecortd;dm OL:lt : gl;]imggtzg FTIRa ed ngggg method, 1IN KOH solution was added slowly to the

- mixture until complete precipitation was occurred at
spectrophotometer at a range of 400-4000 cm™ by . .
using KBr discs. Electronic spectra of the complexes pH 9-10. The mixture was digested on a water bath

. . . i \fich for about 1 hour and then cooled. The separated
are studied by using a Shimadzu UV-160 UV-Visible complexes in both methods were filtered off, washed

3 .
spectrophotometer for 10 M solution of the  several times with cold ethanol and dried in a vacuum
compounds in DMF at 25°C, and by using 1cm quartz desiccators.

cell. Elemental analysis are carried out by using Results and discussion:
spectroscopic method on PYEUNICAM SP-9 Atomic
absorption  spectrophotometer  (Phillips)  and

reasonable results were obtained as given in (Table- be depicted as follows:
1). '

Magnetic susceptibility measurements are made at 2MX,nH,0 +2BDBH, —[M,(BDBH,), X, +20H0 -

25°C by using the Faraday method on the solid in a (1)
pyrex tube using BM instrument. 2MX,.nH,0 +2BDBH, +4KOH —[M, (BDB), |+4KX + (2n+4)H,0

..(2)
Where M = Fe*",Co*,Ni*,Cu*;n=2,34,6

oo

The reaction of the metal salts with the ligand is
carried out in both neutral and basic media and it may
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As indicated by the above equations, binuclear
complexes are separated out from neutral and basic
media reactions.

The analytical data of the complexes (Table-1) are
reasonable and agree well with the given
formulations.

The complexes are stable in air at room temperature
and have good keeping qualities. They are insoluble
in water methanol , ethanol but soluble in
dimethylformamide (DMF). The molar conductivities

measured in DMF for 10°M solutions at 25°C
(Table-1) suggest that 1:2 and non-electrolytes for
complexes™ are prepared in neutral and basic
medium, respectively. These results are consistent
with the given formulations.

The infrared absorption spectra of the prepared ligand
and their complexes were recorded and the data are
given in (Table-2). Different perturbations which are
observed in the spectra of the complexes are
compared to these of the free ligand spectrum. In the
[MZ(BDB)Z] complexes, the VC=N stretch which

was also shifted to a lower frequency by 35-50cm™
suggesting involvement of the azomethine nitrogen in
coordination with the metal ions, similar to the ionic
complexes™,

For the [M,(BBH,),X,]X,complexes, the vC=0

stretch is shifted by about 20-50 cm™ this suggests a
coordination of the carbonyl oxygen atom, similar to
that observed for hydrazide complexes. The C=N
stretching mode shows a negative shift 25-60cm™,
this indicates a coordination of the nitrogen atom of
the azomethine group. 1519

Another important observation is the absence of
v(NH) and v(C=0) which was attributed to the enol
tautomer®. Instead, new bands as appeared at 1572-
1580cm™ are assigned to  uv(O-C=N+uvC=N)
combination and v(C=N-N=C) (azine chromophor)
respectively™®'®). The presence of these bands is a
strong evidence for enolization and deprotonation in
basic medium. In these complexes, new stretching
bands which appear in the regions 765-775cm™ are
attributed to M-O-M bridge and not observed for
neutral complexes®?). Such bridges occur more
readily via enolic oxygen atom.

In the far infrared region, other new bands for both
types of complexes are found at 420-425 and 460-
480cm™ and assigned to M-N and M-O stretching
vibration, respectively®??. In the infrared spectra,
the M-CI stretching band of the complexes formed in
neutral solution. The band located at about 540-
575cm™ is assigned to ionic chloride®?®. The bands
are due to coordinate chloride ion in complexes
formed with metal chloride were fall below the limits
of our i.r spectrophotometer and could not be
observed.

The complexes which are prepared in neutral medium
and containing nitrate group form three bands at

oo
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1000-1525cm™ regions. Because the difference
among high frequency bands v;-vs is more than
190cm™, the coordination of bidentated nitrate ion
with one of the two oxygen atoms is enhanced. This
becomes consistent with the molar conductivity
measurements of these complexes. No bands are
observed for the complexes prepared in basic medium
and this is an evidence that nitrate group is not found
in these complexes.

The electronic spectra of the complexes in DMF as a
solvent are recorded (Table -3). The spectra of
iron(Il) complexes show only one band assigned to
T,9(D)—>°E,g transition is broadened or split.

Besides stereo chemical distortion , spin-orbital
coupling and a Jahn-Teller effect in the excited
configuration®.

Cobalt(Il) complexes exhibit three bands due to the
spin-allowed transitions T9(F)>Tg(F)o,

Tg(F)>Ag(Flo, and  Tg(F)->Tg(p, The
electronic spectra of nickel(1l) complexes show three
bands attributed to v;, v, and vz corresponding to

*AY(F)>Ta(F). *Ag(F)>Tg(F) and sag(F)—>T,g(p)
transitions, respectively. The number and positions of
these bands corresponding to octahedral structure for
both cobalt and nickel complexes are formed in
neutral and basic media.

The electronic spectra of copper (I1) complexes, show
one broad band assigned to the three combined
transitions B g—»’Ag,?Bg—B,g, and ’Bg— Eg,
suggesting a distorted octahedral geometry with D;h
symmetry in terms of Jahn-Teller effect for the
complexes® 824,

The values of the effective magnetic moments for all
complexes (Table-1) are due to paramagnetic
behavior and corresponding to unpaired electrons of
the metal ion complexes. The effective magnetic
moments calculated per metal atom in the complexes
which are less than the expected spin-only values
(Table-1), suggesting that these complexes are
binuclear. Oxygen bridging of the metal center which
permits some kind of super-exchange, leading to
partial guenching of the magnetic moment of the
coupled unpaired electrons@%),

From the different physiochemical studies and
various spectral measurements, it is concluded that
the ligand, which gives very stable complexes with
the various metal ions used in this work, acts as
neutral tetradentated in neutral medium, coordinating
through both azomethine nitrogen, and both carbonyl
oxygen atoms and acts dibasic tetradentated in basic
medium forming oxygen - bridged binuclear
complexes. In  both types of complexes,
hexacoordinated metal ions with octahedral structure
is suggested ,as shown in Fig.1.
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M= Fe(Il), Co(ll), Ni (I1), Cu (11);
X=CI’, NO;
Fig. 1: The Suggested Structures for BDBH, Complexes
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Table-1 Analytical and some physical properties of the ligand and its complexes

ISSN: 1813 - 1662

Compound Colour m.p°r | Avin DMF cm’ohm™mol™) | Analysis% Herr (BM)
Found (calculated)

EDBH, White e N

[Fe,(BDBH,),C1;]C1, Pale brown YAY Yor (10.10)(9.75) 432
[Co (BDBR,},CL]C, Pale orange Ty vy 347
[Co;(BDBH,),(N0O3),](NO;), Beige-yellow Yve Y 343
[Ni,(BDBH,),CL,]Cl, Pale yellow Yox VA 11.34(10.85) 266
[Ni;(BDBH,),(NO;);](NO3), | Yellow 1A V14 11.10(11.18) 271
[€u;(BDBH,),CL]Cl, Gray YiA Yot 10.34(10.94) 1.49
[Cuy (BDBH,);(NO3),1(NO;), Pale gray YV Vv 11.35(11.11) 1.48
[Fe,(BDBH,),]- Beige Y4 v 12.02(11.17) 471
[Co,(BDEB),J* Dark green Y1y v 333
[Ni;(BDB),]* Very pale green | yy< XY 11.43(11.67) 2.84
[Cu,(BDB),I* Pale green vo. vy 12.85(13.59) 1.72

(*) The same complexes was obtained by using different metal salts in alkaline medium.

Table-2: Important IR, spectral bands (em ™" ) for BDBH ; and its compleses

¢ oen pouad vICoN) vINH) vy v (NN vIMEN)  viMO) ":.:" v (M-ONO,) '“::.'Hﬂ) v MO vty
BDBH, 1630 1236 10 1000 RIS} Oyt _—le
|Fe,(BDBH, WL L, 1590 340 1680 1030 20 0t Se)
[Co (RDBI, T, ICT, 1603 N 1650 1630 125 470 0
[Co, (BDHN, ) (NO ), KNO,), 1593 240 1655 101 0 000 00, 1515, 1528
[N (RDRN )L IC, 1574 18 16%0 100 02 0 540
[N ARDEN ) (NO ) HND, ), 1557 3239 1667 1013 12 L0 — WO, 1320, 1550
[Cu (BDEH, ), (1,100, 1% 37 1630 1o 20 0 73
[Cu (BDBH, ) (NO, ) HNO, ), 149 M0 1660 1624 AN 178 1010, 1315 1424
[Fe (BDEH, ), 1555 1030 20 0 147% 775 %0
[Co,(BDR), 1586 X 424 80 1573 %5 Hn»”
INi;(BDR),) 1530 10X 423 480 Isn T7S n»
[Cw, (BDE),) 159% 1030 X 60 1S9 7S 17
Tabl-3: Electronic spectral data (€m 1) of the complexes
Complex 2 V2 V3 cT*
[Fe,(BDBH,)CIL,]Cl, 10230,10755,11345 YIFAY
[Fe,(BDBH,)] 10157,10517,11211 YTY Y
[Co,(BDBH,)CLICL, 10244 YOIYA | YYAAY | Y4£4A
[Co,(BDB),] A9 VEToA | YrEVY | Yarao
[Niy(BDBH;),Cl,]Cl, yye1y y¢oto | YEToY | YuI¥.
[Ni;(BDBH;)2 (NO3)-1(NO3), Yooy yovos | Yovvy | Y.vdo
[Wi,(BDB),] yevay VEVAY | YoulY | Ydo
[C’H-z(BDEHz)z(NG:;}z](NGg}Z YYEY. YAVYie
[CEZ(EDE)Z] YYoyy YIv¥yo

oo
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(*) Charge Transfer
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