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ABSTRACT

Metal complexes of general formula [M(L),Cl,] and [Cr(L),Cl,]Cl
{where M is Mn(Il), Fe(II), Co(II), Ni(Il) and Cu(II) and L (2,3- Bis (N-
hexylimino) butane) is a Schiff base formed by condensation of 2,3-
butanedione and hexylamine}, have been prepared (in 1:2 metal: ligand
molar ratio). The complexes were characterized by analytical, spectral,
magnetic and conductance measurements. IR spectra show that the
nitrogen of the azomethine groups takes part in coordination. Magnetic
measurements and electronic spectral studies suggest an octahedral
structure for all complexes. Conductance measurements show a non
electrolytic nature of the complexes, with the exception of the
[Cr(L),Cl1,]Cl compound with a 1:1 electrolytic nature.
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INTRODUCTION

Day by day Schiff bases and their complexes are more frequently
applied for the betterment of human welfare. The importance of the
Schiff bases complexes is due to their versatile nature. Literature survey
shows that many Schiff bases complexes exhibit biological activities" ™.
These biological activities were attributed to the formation of stable
chelates with the metal ions present in the cell”. In addition, Schiff bases
and their metal complexes used in many fields such as oxidation
catalysis”, electrochemistry®. On the industrial scale, they have wide
range of applications such as dyes and pigments”. Another area of
application of these compounds is analytical chemistry where some of
Schiff bases are used as ligand in complexometry topic®®. The presence
of azomethine group in Schiff bases made them acting as suitable ligands
towards metal ions and forming different coordination compounds®'?.
The aim of the present work is to prepare a new Schiff base from 2,3-
butanedione and hexylamine and then preparation of new complexes by
reacting this ligand with Cr(III), Mn(II), Fe(II), Co(II), Ni(II) and Cu(II)
ions. Tentative structures have been proposed on the basis of analytical,
spectral, magnetic and conductance measurements.

EXPERIMENTAL

1. Chemicals :

All chemicals as reagent grade (BDH and Fluka) were used as
supplied such as CrCl;.6H,0, MnCl,.4H,0, FeCl,.4H,0, CoCl,.6H,0,
N1C126H20 and CUCIQZHQO

2. Analysis and physical measurements :

The metal contents were determined according to the standard
procedure"’. Melting points were determined by using Richerk Jung
Heizbank melting point apparatus. Molar conductivities of the complexes
have been measured in an electrolytic conductivity measuring set LF-42
using 10°M of the complexes in dimethylformamide (DMF) at room
temperature. IR spectra were recorded on a Bruker (tensor 27)
spectrophotometer in the 4000-400 cm™' range using KBr disc. Electronic
spectra were recorded on a Shimadzu 160 spectrophotometer in DMF at
25°C for 10°M solution of the complexes using a 1 cm quartz cell.
Magnetic susceptibility measurements of the complexes in the solid state
were determined by the Faraday method at room temperature using a
Bruker BM6 apparatus.
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3. Preparation of the ligand:

An ethanolic solution of 2,3-butanedione (0.861 g ,0.01 mol) was
added to an ethanolic solution of hexylamine (2.024 g, 0.02 mol) and
refluxed for ~8 hours followed by concentration of the solution, the
precipitate was separated by filtration, washed with ethanol and then air-
dried (m.p. = 147¢°).

4. Preparation of the complexes:

All the complexes were prepared by the same general method
using the template synthesis''> as following :
A mixture of 2,3-butanedione (0.02 mol), hexylamine (0.04 mol) in
ethanol was added to an ethanolic solution of metal chlorides (0.01 mol).
The mixture of reactants was refluxed for ~ 12 hours. The excess of the
solvent was then distilled. The resulting compounds were filtered off,
washed with ethanol and then air-dried.

RESULTS AND DISCUSSION

The complexes of Cr(IIl), Mn(II), Fe(II), Co(II), Ni(IT) and Cu(Il)
with the ligand appear as powders. They are not soluble in most organic
solvents, such as ethanol and acetone but soluble in DMF. The molar
conductance of the complexes in DMF are in the range 12-27 ohm™ cm®
mol”' (Table 1) indicating a non-electrolytic nature, while the chromium
complex (Ay = 87 ohm™” cm’® mol"') indicating a 1:1 electrolytic
nature'”.

Table (1): Analytical and some physical properties of the complexes

% Metal

Awm

Complex

[Cr(L),Cl,]Cl

Colour

Dark Brown

Found
(Calcd.)

8.78 (8.29)

ohm™*cm?mol™

[Mn(L),Cly]

Pale Yellow

8.07 (8.73)

[Fe(L).Cly]

Brown

9.22 (8.84)

[Co(L).Cl,]

Pale Brown

9.63 (9.29)

[Ni(L),Cl]

Kaki

8.99 (9.26)

[Cu(L),Cl]

Dark Green

10.37 (9.95)

The IR spectra of the ligand exhibits a band at 1624 cm’

assignable to v(C=N) stretching vibration. In all the complexes, no peaks
corresponding to unreacted primary amines or carbonyl groups were
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present. All the complexes show a absorption band in the region 1597-
1610 cm™ (Table 2), attributable to the azomethine groups. This
observation indicates the involvement of the nitrogen atom of the
azomethine v(C=N) group in the complexes and also indicating that the
C=N band of the ligand was shifted to a lower frequency by about 14-27
cm’, suggesting the coordination through N atom of the azomethine
group" ") The presence of bands at 416-457 cm™ in all the complexes
(Table 2), originates from the v(M-N) (azomethine) vibration and
substantiates this coordination. The coordination of the chloride ions to
the metals could not be inferred from the infrared absorption spectra since
M-CI1 band located beyond the limits of our instrument (at the far infrared
spectra) while the chromium (III) complex show a new band located at
574 cm™ for chloride ion. The position of this band suggested the ionic
nature and the non-involvement of this group in coordination”, and
therefore remained outside the coordination sphere. This observation
were in good agreement with the conductance value of the chromium (III)
complex and which have been supported the given formula for this
complex.

The electronic spectrum of the chromium (III) complex has two
bands, one at 13717 cm™ and the other at 25252 cm™', which are assigned
to *A,g(F) 2 *T.g(F) and *A,g(F) > *T,g(F) transitions, respectively.
The transition *A,g(F) = *T;g(P) is usually not observed in the visible
region due to involvement of the charge transfer band at 34965 cm™. The
observed magnetic moment value of 3.74 BM and the electronic spectrum
of the complex support the octahedral structure for the complex"”. The
high spin d> Mn(II) octahedral complex (¢ 5.91 BM) exhibits complex
spin forbidden transitions from the °A;g ground state. The Mn(II)
complex shows four absorptions characteristic of electronic transitions to
the excited states ‘T g(*G), ‘Az, (*G), “Eg(‘D) and *T,g(*P) at 19531,
24937, 28490 and 32051 cm’, respectively. These values and also the
magnetic moment value for Mn(II) complex were well in accord with
those having octahedral structure with five unpaired electrons'**”. The
electronic spectrum of the iron(Il) complex shows absorption band at
11947 cm™ assignable to the *T,g = Eg transition consistent with an
octahedral geometry for iron(Il) complex®”. The room temperature
magnetic moment (5.07 BM) corresponds to an octahedral geometry of
iron(IN*"*?. The cobalt (II) complex has two bands, one at
20618 cm” and the other at 15698 cm™, which are assigned to
‘Tig 2 *A,g(F) and *T,g(F) > “T,g(P) transition, respectively. From the
position of these bands and the magnetic moment value of 4.68 BM, the
geometry of the cobalt complex suggested the geometry of the complex
as actahedral’®*”. d-d transitions of the nickel complex at 16025 and
23809cm’’, corresponding to the transition of A,g(F) = *Tig(F) and
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’A,g 2> °Tg(P) in the octahedral field were noted. Magnetic moment
value of 2.93 BM supports the hexacoordinated configuration of the
nickel complex"'***. The spectrum of copper(II) complex showed a broad
band at 17857-19531 cm’, which indicates that this complex is a
distorted octahedral. The magnetic moment of 1.92 BM supports the
geometry of the complex®.

Table (2): Important I.R spectral bands (cm™), magnetic moments
and electronic spectral data of the complexes

Complex d-d transitions (cm™)

[Cr(L),Cl,]Cl 13717 , 25252

[Mn(L),Cl] 19531, 24937 , 28400 , 32051

[Fe(L).Cly] 11947

[Co(L):Cly] 15698 , 20168

[Ni(L),Cl;] 16025 , 23809

[Cu(L).Cl,] 17857- 19531

CONCLUSION

Based on the reported results, it may be concluded that the ligand
acts as a bidntate molecule and the nitrogen of the azomethine group
takes part in coordination. All the complexes are found to be
mononuclear. The coordination number six is attained by coordination
with the two chloride ions. Based on the physicochemical and the spectral
studies; the tentative structures suggested for the complexes are shown in
figures 1 and 2.
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Fig.1 : Suggested structure of the chromium(I11) complex
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M(I1) = Mn, Fe, Co,
Ni or Cu

Fig.2: Suggested structure of the complexes
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