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ABSTRACT
The synthesis and structural studies of some cobalt (II) complexes
with mixed ligands including acetylacetone bis(semicarbazone) - ASCH,

and substituted phenols {2-aminophenol (L1H;) , 2-carboxyphenol (L2H;) ,’

2-nitrophenol (L3H)} have been described and characterized using
differen different physico-chemical methods . They have been found to
have the general formulas [Co(LH,)(ASCH,)]X; and [Co(L3)(ASCH)] or
[Co(LH)(ASCH)] in neutral and basic medium , respectively (where X =
NOs;” or CI'; LH, = L1H; or L2H, or L3H ; LH=L1 or L2). The results
supports that the complexes have high spin octahedral geometries .

INTRODUCTION
Recent years witness a growing interest in the chemistry of
semicarbazones owing to their ligational properties achieved through
several available coordination sites [1,2]. They form an important class
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of biologically active ligands and provide models for metal-ligand
bonding sites in several enzymes [3] .

Substituted phenols are ligands bonding to the central metal ion
forming complexes which are used in different purposes [4-6] .

There has been a considerable interest , recently , in the study of
mixed ligands complexes of transition and non-transition metal ions due
to their important role in biological processes [7-10].

To the best of available knowledge the synthesis and study of
cobalt (II) complexes with mixed ligands have not yet been reported of
such ligands . The aim of the present work is , therefore , to investigate
the preparation and characterization of some new cobalt (II) complexes
with mixed ligands} acetylacetone bis(semicarbazone) and substituted
phenols (Figure 1)} .

Figure 1: Model structures of the ligands

EXPERIMENTAL
1 -Synthetic Methods:

Acetylacetone bis(semicarbazone) - ASCH, has been prepared
according to previous method [11].

Complexes of the type [Co(LH,)(ASCH,)]X, have been prepared by the
reaction of aqueous solution of cobalt nitrate or cobalt chloride with
ethanolic solution of acetylacetone bis(semicarbazone) and substituted
phenols in 1:1:1 molar ratio . The mixture has been refluxed for three
hours followed by evaporation to about half it's volume then cooled . The
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resulting product is separated by filteration , washed with petroleum ether
, recrystallized from ethanol and dried .

Complexes of the type [Co(LH)XASCH] or [Co(L3)(ASCH)] have been
prepared by the reaction of aqueous solution of cobalt nitrate or cobalt
chloride with hot ethanolic solution of acetylacetone bis(semicarbazone)
and substituted phenolsin 1:1:1 molar ratio . Potassium hydroxide solut-
ion (1IM) has been added until the pH of the solution is 8-9 . The mixture
has been heated on a waterbath for a few minutes then cooled in ice bath .
The product is filtered off , washed with petroleum ether and dried .

2-Analytical and Physical Measurements:

Cobalt contents have been determined by applying precipitation
method [12] after the decomposition of the complexes with concentrated
nitric acid . :

Molar conductivities of the complexes have been measured in an
electrolytic conductivity measuring set LF-42 using 10° M dimethyl-
formamide solutions at room temperature . The infrared spectra has been
recorded on a Pye-Unicam 1100 Infrared Spectrophotometer in the 400-
4000 cm™ range using KBr pellets . Electronic spectra has been recorded
on Shimadzu UV-210A Spectrophotometer for 10* M solutions of the
ligands and their complexes in dimethylformamide at 25 ° , using a 1cm
cell . Magnetic susceptibilities of the complexes have been measured by

Bruker BM 6

RESULT AND DISCUSSION

The reaction of cobalt (II) salts with acetylacetone bis (semicarba-
zone) and substituted phenols in both neutral and basic medium may be
represented by the following reactions:

CoX2.6H,0+LHz+ASCHy— [Co(LH)(ASCH:)]Xo+6H,0

(where LH, = L1H; or L2H; or L3H) in neutral medium

CoX3.6H,0 + LH, + ASCH; + 2KOH — [Co(LH)(ASCH)] + 2KX + 8H,0
Co0X3.6H,0 +L3H + ASCH, + 2KOH— [Co(L3)(ASCH)] + 2KX + 8H,0
(where X=NOj or CI", LH, = L1H; or L2H,) in basic medium

The resulted complexes are colored and solids , slightly soluble in
water , moderately soluble in ethanol and soluble in dimethylformamide.
The values of molar conductivities (Table 1) approach those expected for
1:2 and non electrolytes [13] for complexes prepared in neutral and basic
medium , respectively .

The room temperature magnetic moments of Co(II) complexes are
in the range of 2.98-3.60 B.M. (Table 1) suggesting the presence of
unpaired electrons , the low values of the magnetic moments of some
complexes may be due to transfer of electron from cobalt ion to the ligand
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[4,14,15] and hence the complexes are spin free with octahedral
stereochemistry .

The mfrared spectra of ASCH, ligand (Figure 2)shows a strong
band at 1585 cm™ attributed to C=N group [1,2] shifts towards a lower
frequency region on coordination due to the decrease of the bond order as
a result of metal nitrogen bond formation [1,2,16] . The next strong band
at 1685 cm™ attributed to C=0 group [7,16] . This value shifts towards a
lower frequency on coordination for complexes 1, 2, 3, 7, 8 and 9
indicating the coordination of the two carbonyl oxygen to the metal ion
[1,2] in neutral medium . Meanwhile , in basic medium , this band
disappears in the complexes and a new band is observed at 1240-1250
cm™ for complexes 4, 5, 6, 10, 11 and 12 due to C-0 group , thereby
establishing coordination of the ligand through the two enolic oxygen
atoms [1,2] . The appearance of strong bands at 1630-1635 and 1570-
1580 cm™ which are attributed to ’(C=N) + ,(O-C=N) and azine chromophore
’(C=N-N=c) , respectiveively, support the formation of enolic structure in
basic medium [14] . The position of the ligand in the range 3200-3300
cm” due to’ yy remains unaltered in the complexes prepared in neutral
medium indicating that there is no coordination through the NH group
[1,2,16,17]. Meanwhile in basic medium , because of the presence of
hydrogen bonding it is more difficult to notice the absence of NH group ,
but it is well known that this band is disappeared in basic medium due to
the enolic form . The other strong bands at 3390 , 3410 and 1450 cm™' due

2

to ng: remain unaltered in all the complexes indicating that there is no
coordination through this group .

The infrared spectra of substituted phenols (Figure 2) show a band
at about 1230 cm™ attributed to C-O group [18] shifts towards higher
frequency region on coordination demonstrates that the phenolic oxygen
is coordinated to the metal ion . The next band at 3300-3400 c¢cm’

attributed to OH group [18] shifts towards a lower frequency on coordina-

tion in the complexes prepared in neutral medium . Whereas in basic
medium , this band is dlsappeared due to the deprotonation . L1H, shows
band at 3200 3250 cm™ due to NH, group shifts towards a lower freq-
uency indicating the formation of a chelation between the nitrogen of NH,
group and the metal ion [18] . L2H, ligand shows bands at 1365 and 1600
cm™ attributed to the symmetric and asymmetric stretching frequencies of
carboxylic group , respectively . On coordination these two bands shift to
1390 and 1560 cm'l , respectively [18,19]. The difference between the
symmetry and asymmetry stretching frequencies of COO™ group (Av
which equal to 170 cm™) indicate that the carboxylic group act as
monodentate [18] . L2H, ligand shows a band at 3100-3200 cm™ due to
OH group , this low value is due to the hydrogen bonding , shifts towards

14 .
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a lower frequency for complexes in neutral medium due to the chelation ,
meanwhile in basic medium this band is disappeared due to the deproto-
nation . L3H ligand shows bands at 1525 and 1355 cm™ attributed to the
NO, group [20] shift towards lower frequencies indicating the coordina-
tion of this group with the metal ion . Complexes 1-3 (Table-2) show
band at 570-590 cm™ due to ionic chloride [18]. These bands are not
observed in the spectra of the complexes prepared in basic medium
(complexes 4-6) indicating the absence of this ion . Complexes 7-9 show
band at 1380-1385 cm’ attributed to -the ionic nitrate [18] . In basic

- medium (complexes 10-12) these bands are not observed indicating the

absence of this group .
On the other hand the spectra of all the complexes show new bands

around 430-500 cm™ and 600-750 cm™ due to 'y and ‘w.o respectively
[17,18] . The presence ofthese bands strongly support the formation of
the complexes under investigation (Figure 2) . ‘

15




S DR

New Complexes of Cobalt (II) Containing Mixed Ligands .....
W

1.
%000 3500

b 1 : 1. L 1 I I
3000 2500 2000 1800 1600 %00 700 1000 800 600 &

\

,bw \‘ | ~

1
4000 3500

2000 3500

. - : .
3000 2000 1800 1600 1400 1200

Fig. 2 : Infrared spectra of : (1) ASCH;ligand . (2) L2H; ligand.
(3) [Co(ASCH)(L2)}

L 1 1 i} .
3000 | 2500 2000 1800 1600 100 1200 1000 800 600 400




1-

Zuhoor F. Dawood & Akram A. Mohammad
]

The electronic spectra of the ligand and some of their complexes in
DMF solution have been recorded giving d-d spectra and charge transfer
spectra . Cobalt (II) complexes show only two absorption bands at 10526-
11428 cm™ and 1869-20790 cm™ due to the transitions *Tig (F)y  *Tag (F)-
", and “Tig (Fp “Tig(P)- 3 expected for d system in octahedral field .
(attributed to “T\g(F)> “*A,g(F) transition) has been not observed due to
instrumental limitation , it is calculated by the literature method [21] .
The ligand field parameter B and the ligand field splitting energy (10Dq )
have been calculated [21] . The values of B of the complexes are between
0.71 - 0.80 clearly indicate the partial covalent character of the bond
concerned . However , the electronic spectral data (Table 3) suggest
octahedral geometry for all the complexes [15,21] .

CONCLUSION
This work in fact is a continuation of our studies including mixed
ligand complexes . In this work some observations have been achieved

that lead to establish the following points :
Acetylacetone bis(semicarbazone) acts as tetradentate chelating ligand
joint to cobalt (II) ion through the two nitrogen atoms and the two

oxygen atoms .

Substituted phenols L1H, , L2H, and L3H act as bidentate chelatin
ligands . '

The chloride and nitrate ions (in the complexes prepared in neutral
medium) joint to the metal ion in ionic manner for .

Cobalt (II) ion is probably hexa-coordinated having high spin octahed-

ral geometry .
From the present study we can conclude that the complexes having

the following proposed geometries (Figure 3) :
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Table -1
Amounts, composed formula, analytical and physical properties of some
complexes

Complexes

[Co(L1H,) (ASCH,)] Cl, | Neutral | 0. Brown

Pale
» Violet
[Co(L3H)(ASCH,)] Cl, Neutral . . ‘ Pale
Blue
Dark
_ Violet
[Co(L2H)(ASCH)] Basic X . Pale
Violet.
Violet

TCo(L2H,)(ASCH)ICl, | Neutral

[Co(L1H) (ASCH)] Basic

[Co(L3) (ASCH)] Basic

Dark
Brown
Blue

[Co(L1H,) (ASCH,)J(NO;); | Neutral -

[Co(L3H)(ASCHp)](NO;), | Neutral | 0. . ' Pale
) Blue

[Co(L1H) (ASCH)] Basic | 0. : Dark
Violet -

[Co(L2H) (ASCH)] Basic ) . Pale
‘ Violet

Violet

[Co(L3) (ASCH)] Basic

* Ay Molar conductivities in Q' cm?mol
**uerr: Magnetic moment in Bohr Magneton
d=decomposition points
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Table -2
IR spectra of complexes ( values in cm™)

‘D OH ph

3200-3300
3350

3200-3300
3350

600
675

3200-3300
3350

625,650
675

3200-3300
3350

625
700, 735

3200-3300
3350

630
700

3200-3300
3350

635,650
690

3200-3300
3350

640
700, 750

3200-3300
3350

640
690

3200-3300
3350

640 , 675
700

3200-3300
3350

630
700, 735

3200-3300
3350

650
700

'3200-3300

3350

640,670
690

z
o

3200-3300
3350

Table-3

Electronic spectral data of some complexes

635

690,750

ORI || N —

* calculated
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