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Abstract
In this paper the synthesis and characterization of some binuclear complexes of cobalt (II), nickel(Il) and
cupper(fl) ions have been reported. These complexes have been prepared by the reaction of metal nitate or
chloride of the above transition metals with Schiff base ligand derived from benzil and malonyl hydrazide the
prepared complexes have the general formula: [M2(BDM[L)]LI and [Mr(BDM)] for neutral and basic mediums
respectively. Where M:Co(II), Ni(ll) and Cu(ll) ions, BDMHa:hydrazide ligand, and X: NO3- or Cl' ions. The
ligand and its complexes were characterized by elemenlal analysis, molar conductance, magnetic susceptibility
measurements, electronic and infiared spectroscopy. The ligand acts as an octadentate to form neutral complexes
with the melal ions under investigation the measurements showed that some of these prepared complexes have
an octahedral geometry (neutral medium) and the prepared complexes were in tetrahedral or squar planner
environment(basic medium). Powder x-ray diffraction technique was applied for two ofthe prepared complexes,
whereas crystal structural information's were obtained crystal symmetry, space group, unit cell, axis, unit cell
volume...etc.
Introduction
Schiff base 

(r) ligands were considered to be one of Preparation of ligand benzilidinedimalonyl hydrazide
tlte most important used ligands in coordination ligand was p.eparedlu) by addition of a solution of
chemistry so many complexes were prepared fiom 2.649 (0i2M) of malonyl dihydrazide in 40ml hot
these ligands because of their simple and reliable ethanol to a solution of 2.lg (0.01M) of benzil in
coordination with transition and non-transition 25ml hot ethanol . The mixture was then reflexed for
metals. Those compl€xes w€re reported to be applied 6 hrs. after that the mixtue was left to cool down to
in large extent in medical (2), industrial '3) and room temperature, The yellow precipitate thus
agriculture (n) fields. It was shown that Schiff bases formed was filtered offand washed with cold ethanol.
have the ability to form colored complexes with Recrystallization from ethanol anddryingatso'C.
several metal ions, so that they were applied in Preparation of complexes for Co(II), Ni(II) and
qualitative and quantitative determination of such Cu(II) ions were prepared in both neutral and basic
ions in analytical chemistry 

(5). mediums according lo the following procedures :-
Its ofour interest to continue studying the preparation i- Type (l) in neutral medium these complexes were
and characterization of new complexes with Schiff prepared by adding an alcoholic solution ofthe metal
base ligand ofbenzilidinedimalonyl hydrazide. salts(0.02 mol.) to a hot solution of alcoholic
Experimental ligand(0.01mol.) the mixture was refluxed for 3hr.

Materials and methods after that cooled down to afford the produc! it was

All chemicals used in the preparation of the washed with cold ethanol and left to dry in air at

coordination compounds under investigation were room temperatue
purchased from BDH and Fluka Ltd. Company, the ii- Type (2) in basic medium these complexes were

prepared compounds were characterized using several prepared by adding an alcoholic solution of
instrumental analysis included : potassium hydroxide (lM) until the PH= 9-10 to hot

CHN (Allba't uni-Jordan), IR, Atomic absorption solution of the ligand (0.0lmol.) to this solution an

measurements, Molar conductiviry, Magnetic alcoholic solution (l0ml.)ofthe metal sahs (0.02mo1.)

measurement, Electronic spectrophotometry, Powder were added the mixture was refluxed for 3hr. after

x-ray diffiaction (lnd. Equinox 1000 X-ray that cooled down to afford the product, it was washed

Diffractmeter) with cold ethanol and left to dry in air at room
temperature Table(l).
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Results and Discussion
Benzilidinedi malonyl hydrazide

2H

Ligand (BDMHa) was prepared according to
the following equation :
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The chemical and physical properties for (BDM[L) 0/{,=54.79, %H=5.06, o/oN=25.56

lised below. Experimental o/{=54.53,yoH=5.15, o/oN=25.32

m-p. = 223-225"C, Yellow, M.Wt. =43E, Chemical Two types of the complexes with (BDMH4) were

Formula(C26HrrN6Oa) CHN analysis: theoretical prepared according to the following equations :
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All the prepared complexes in this study are colored
and stable at room temperature- shows some physical
and chemical properties of the prepared complexes.
The molar conductivity for the prepared complexes

were measured using DMF at lO-3 M the results
obtained table (2), indicate that the complexes have
molar conductance values of (10-22) f)'rmol'rcm2
indicating that all the complexes are non-electrolytes.

Complexes
No.

Formula Complexes medium Wt. of
lisand(s)

Wt. of
metal salts(g)

type of metal
salts

I lCor(BDMHT)Clal neutral 0.438 o-176 CoClr.6HrO
2 lCor(BDMH!XNO3)rl neutral 0.438 0.582 Co(NO:)z.6HrO
3 lcodBDM)J basic 0.438

0.43E
0.476
0.582

CoClr.6HrO
Co(NOr)2.6H2O

4 INi,(BDMHT)Cr!l neutral 0.438 o.476 Nictr,6Hro
5 lNi,(BDMH.,XNO3)!l neutral 0.438 0.582 N(NO3)r.6HrO
6 lNi,(BDM)l basic 0.438

0.438
o.476
0.582

Niclr.6Hro
Ni(NO3)'.6H?O

7 lCur(BDMHT)CLl neutral 0.438 0.34t CuCl2.2H2O
8 lCur(BDMHTXNO3)!l neutral 0.438 0.483 Cu(NO3)r.3HrO
9 basic 0.438

0.43t
0.341
0.483

CuClz.2H2O
Cu(NO:):.3HrO
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Table

Tehle

Ph cal and chemical rties of the red com lexes
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15socm-r)(e). Stretching band ofthe liee NH2 group in
the ligand appear, at (3300cm-'), which is shifted to a
lower values (15-25cm-r) the metal ions are
coordination tfuough nitrogen atom (r0). Table 13;
show new bands in the ranges of (425-465cm'r) and
(450-5l0cm-t) which are related to M-N and M-O
bands respectively (rlr2). Finally, and in order to
confirm the results obtained in conductivity
measurem€nts, it is important to note whether the
nitrate group coordinated to the metal ions or act as a
fiee ion outside the coordination sphere, this can be
performed by looking at lR data of (NO3) group
which is showed three bands in the ranges (1000-
lOl5cm''), (1370-l39ocm r) and (1500-l515cm'1)
and this is indicaled that NOr coordinated with metal
ions in neutral medium and act as a monodentate
ligan6tr:).

IR Spectra
lR spectra of the prepared ligand showed that
stretching band of free azomethine group (l620cm-r)
was shifted to lower value by (12-40cm-r) on
complex formation which indicates that coordination
ocaurr€d between nitrogen ofthis group and the metal
ions(D. IR dara also showed band at (l650cmr)
related to carbonyl group of the ligand, which was
shifted to a lower value by (10-35cm-r) in the spectra
of complexes formed in neutral medium, such results
demonstrated that coordination occurred through
orygen ofthe carbonyl group(8).

It seems that data in case of the prepared complexes
in basic medium proved the elimination of the
hydrogen of (OH) group after tulomerisim process

and formation of chromofore group(C=N-N=C)
which give identical band in the range of (1560-

cm: IR data of the nd and its com exes in treutral and basic media

* Complexes in basic m€dium
. Magnetic susceptibility

Element snalysis calc.(Found)7ocolor m p.
^(10"M)DMF O'
lmol_lcm2

M H N
Complexes

No.
Complexes Forlnula

I6.EE
(16.791

34.41
(34.s4)

3.18
(3.2s)

16.05
(r6.13)

I lCoz(BDMHT)Cld Brown tr l_
275

l2

14.65

$4.711

'l
lCou (BDMHT)(NOi)rl dsrk

Brown
219-
2st

2l

3 ICor(BDM)l Brown 258-
260

l8 21.34
(21.28)

43.50
(43.37)

3.29
(3.42)

20-29
(20.36)

16.83
(16.721

4 lNir(BDMH.)Cl4l Green 274-
280

l5

lNir(BDMH4XNO3)41 Brown 259-
261

l0 14.60
(14.7l',)

29.88
(29.68)

2.76
(2.84)

20.91
(20.84)

5

43.53
(43.44)

3.29
(3.36)

21.27
(21.33)

6 Light
Sreen

26t-
263

t2 21.27
(21.18)

ICur(BDMHa)Cln] gfeen 242-
244

11.97
(r7.82)

33.96
(33.E4)

3.13
(3.20)

15.84
(15.88)

1

8 ICuz(BDMHT)(NOr)rl gfeen 254-
2s6

t2 15.62
(ts.71)

268-
270

ll 22.63
(22.711

9 IcudBDM)l gfeen

Complex No. u( C=O) D (C=N) u aztne

(-c=N-N{,
u (NHz) u (NO3) 0( M-o) D (M-N)

BDMHT 1650 1620 3300
I r630 1598 3215 450 435
2 r635 1580 3284 1000,1380,15r5 470 425

r 593 495

4 1615 1608 327E 5t0 465
5 1640 1585 3285 1015,1390,1510 48,1 445

1600 3276 485 430

7 1638 1595 3280 468 434
8 1631 1582 3277 1010,1370,r500 505 430

1605 r585 3280 485 455
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Magnetic susceptibility data are presented in table (4)
which showed that Co(U) complexes have values
within (3.91-4.6BM)(tn'") ong". Which indicate that
such complexes have high spin tetrahedral and
octahedral geometry. Similarly, it seems that Ni(II)
complexes have the same geometry with valu€s
within (2.95-3.458M) (1617) range For Cu(II)
complexes in addition to their octahedrcl geometly
and square planar(l&lc) with magnetic value within
( 1.78-2.2BM) range were shown.
Electronic spectra
Electronic specka of Co(ll) complexes, table
(4),which have been prepared in neutral medium,
shows three transitions related to high spin octahedral
geometry(rs) which are:
vt 9316 - l|g22 cm I t1g 1f ; * aTrg 

1P;ot,g 
1r'; - 

oerg 
61 v2 14230 -15854 cm-r
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Powder x-ray dilTractior (PXRD)results
In our work also powder x-ray diflraction (PXRD)
technique has been applied for two complexes using
wave length (Co-Ko I .7EE97OA0) lo give information
about the crystal symmetry, space group, unit cell,
axis, unit cell volume...etc. The results were analyzed

ISSN: l81l - 1662

t1g (F) - f ,g 1P; Y 18155 - 20774 cm'l
While the Co(ll)complex prepared in basic medium
showed one electronic absorption band at ( l3240cm'
') which is attributed to tetrahedral geometry(r4).On
the other hands, the electronic spectra for Ni(lI)
complexes were showed three bands attributed to
octahedral geometry and these transitions are(rn:
v1 9422 - 10835 cm'r 'erg 1f; - 

ttrg 
1P;

v, 13350 - I6648cm-r rA,g{F)-iT,g{F)
v3 21585 - 22320 cm'''A,g(F) -'Trg(P)
The Ni(Il)complex prepared in a basic medium show
one electronic absorption band at (l4l33cmr)which
is attributed to tetrahedral geometry(r6). Culll;
complexes appeared to have octahedral( 14578 and
l4650cm-r) and square plana( l5853cm'r) g€ometry
for both neutral and basic medium respectively(leJol.

by Match program @') and presented in Figures(I,2)
and table(5). According to these results we can prove
that coordination between ligand and metal(Il) ions
took place and a new coordination compounds were
formed

Table (4): Magnetic susceptibility drta and Electronic spectral values (cm-r) for the prepared complexes in
neutral aDd basic mediums

Complex No. Complexes Formula Vl P"n (B.M) Geom€lrv

I lCor(BDMHT)Cl.'l 93t6 11230 18155 3.9r oh
.'

JCor(BDMHaXNOj)al 10922 15854 20774 oh
3 lColBDM)l 13240 ,1.60 Td
4 lNi,(BDMHI)Clll 9422 r33s0 2t 580 2.9s oh
5 lNir(BDMHTXNO3).1 10835 t6648 22320 3.10 oh
6 lNi,(BDM)l 14133 3.,t5 Td
7 lCur(BDMH!)Cl.l 14650 1.78 oh
8 ICur(BDMHTXNOT)rl 14578 oh
9 lCu,(BDM)l 15853 sq.pL

Fig. (l) Pattern PXR-D for lCor(BDMHlXNO3)rl

I

M
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I

Table 5

Fig. (2) Pattern PXRD for INir(BDMHTXNO3)rI

;C I data for fiio of the re red com eres and metal salt used for their re aration

-r-a

r:-
4

octahedral geometry, Figure (3) . Meanwhile, in case
of basic medium, it seems that complexes with
tetrahedral geometry were obtained for Co (II) and
Ni(ll)ions Figure(4) and square planer for Cu (II) ion
Figure (5) .

.,, \ -.._
ci * N,, z
lt /<:- uL

M = Co (II), Ni (II), Cu (II).
X=Cl',NOi

Fig. (3) Octahedral geometry for the complexes prepared in neutral medium

I

M = Co (II), Ni (II)
Fig.(4) Tetrshedral geometry for the complexes prepared itr basic medium

Metal SaltPXRD information Complexes No.2 Complexes No. 5
Molecular Formuls CorCroHzNrzOrr Ni2C26H22N12016 Co(NO3)2.6H20

804 803.8 291Molecular weight
monoclinic monoclinicCrystal system monoclinic

P2lm(10) P2lm( l0) C2/c(t s)Space qroup
a=l4 .69 ,b:6 .112,

c= 12.632,8=l 18 .45
Utrit cell psrimeters

(A" 3)
a=8.95,b=I1.43,

c=12.66,F=108.62
a:12.62,b4.75,

c=10.s3,P=l 12.15

Cell volume(Ao) t22'.1.3 t197 997.2
Z(no.of molecules or

atoms/ cell unit)
4 4 4

2.04-l14.580 range(deg) 1.98-t14.73
-2 

=h 
<2

0<ks7
0:ls5

-10:h<9
05k!4
0<l<9

lndex ranges

3 Is

s5
<4
<3

0 <h
0<k

54

I

I

t3.71-74.76

Conclusion
According to the above results obtained for the
prepared complexes, It can be concluded that the
ligand coordinated with Co(II), Ni(ll) and Cu(ll) ions
in neutral medium to form complexes with an
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Fig,(s) Square planer geometry for the complexes prepared in bssic m€dium
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