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Abstract

Different types of complexes with different stoichiometries were isolated
for Co(ll), Ni(ll) and Cu(ll). These complexes having the general formulae
[M(L).Cl;] and [Cu(L),]Cl, (where M is Co(ll) and Ni(Il) and L is Schiff base formed
by condensation of furfuraldehyde and butylamine (FBA), or hexylamine (FHA) ).
These complexes have been prepared and characterized by elemental analysis, molar
conductivity measurements, study of the infrared and UV-visible spectra and by
magnetic susceptibility measurement. Elemental analysis suggests the stoichiometry
to be 1 : 2 (metal : ligand). For cobalt and nickel, coordination of the inorganic anions
was noticed to give hexacoordinated complexes with octahedral structure, while
copper complexes are tetracoordinated with square planar geometry. Infrared spectra
of all the complexes agree with the coordination to the central metal atom through
nitrogen of azomethine group and furan ring oxygen atoms and Schiff bases behave as
bidentate ligands with O and N donor atoms. Conductance measurements suggest the
non-electrolytic nature of the cobalt and nickel complexes and the 1:2 electrolytic
nature of the copper complexes.

Ll
£33 Cro (il pe alailly JSally by K1) s (e 220 Alydg ppant Ciadl 138 (e
a5 -(FHA) el JuSas (FBA) (el Jiism ae dhysdll Jeldi (e cpuillll BlEE) o3 . card ac) 8
Aalal) Al (et Aliall 500 Y] g Sl (e el (e laind) e Jgmnl

o &) (FHA) 51 (FBA) = L « Ni 51 Co = M ¢ua [CU(L)]Cly daseall @iy [M(L),Cl5]

103



National Journal of Chemistry, 2005, Volume 17,103-111 e alud) alaall=Y v v ool agyhaal) ddsall

Qs iy yamliall 3 Jlaill (5 day Al el Comid (Y2 ) asiSally ) Ay
e A Ll s Al Apaaly Amaisl) (3585 5 panl Cand At Cilslaly (5 sl
Ala Sl 3535 Glisag V) Ao sana O )ySi 83 DA (e Galilly cradl (AL IS cpuilSl) Jae
Al il (3580 AL Apame M) i) B (Kl S Al 3 L Jand LS . )5
Ay 53 el Gl Cinall () il 28 el s Al b Ll Lpshad) LS Ay L Gult)
O oletia dals 3 JSally b€l e ol o e dom il luld s L ggiand pusl

YooY Ay Augl (elaall Cilaiea

Introduction grade, used as supplied without further
During the past two purification.

decades, considerable attention has

been paid to the chemistry of the metal Reagents

complexes of Schiff bases containing CoCl, . 6H,0 (99.99 %),

nitrogen and other donors . In NiCl, . 6H,0 (99.99 %) CuCl, (99.99

recent years considerable interest has %), furfuraldehyde (98 %), butylamine

been aroused in the comparative donor (98 %), hexylamine (98%).

properties of oxygen and nitrogen

when both are present in the same Synthesis of the ligands

molecule. This may be attributed to An ethanolic solution of

their stability, biological activity furfuraldehyde (0.002 mol, 25 ml) was

and potential applications in many added with an ethanolic solution of

fields such as oxidation catalysis ™, (BA) or (HA) (0.002 mol, 25 ml) and

electrochemistry [ analytical refluxed for 16h. After the

chemistry "', etc. In the present concentration of the solution, the

study, a series of new Schiff bases precipitate was separated, filtered,

have been synthesised using furfural washed with cold ethanol and air-dried

and butylamine (BA) or hexylamine and no further purification carried out.

(HA). These bidentate ligands form 1:2
complexes with Co(ll), Ni(ll) and

Cu(ll) ions.
Synthesis of the complexes
Experimental A mixture of
All the chemicals used furfuraldedyde (0.004 mol, 50 ml), and
throughout these investigation were of (BA) or (HA) (0.004 mol, 50 ml) in
Analar, B. D. H., Aldrich or Fluka ethanol was added to an ethanolic

solution of metal chlorides (0.002 mol,
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50 ml). The mixture of reaction was
refluxed for 20h. The excess of solvent
was then distilled. The compounds
separated were filtered, washed with
ethanol and air-dried.

Analysis and

measurements

The ligands their
complexes were analysed for carbon,
hydrogen and nitrogen using a 1106
CE microanalyser. The metal contents
were determined according to standard

physical

and

procedure [12], Conductivity
measurements were carried out for 10
M solution in N,N-

dimethylformamide (DMF) using LF-
42 digital conductivity meter at 25C°.
Infrared spectra were recorded on Pye-
Unicam SP-1100 spectrophotometer as

e aludl alaall=Y o —p el 4 phadl) dladl)

KBr discs at the range 400-4000 cm™.
The electronic spectra were recorded
on a Shimadzu UV-160
spectrophotometer for 10°M solution
of the complexes in DMF at room
temperature  using  quartz  cell.
Magnetic susceptibility measurements
were made by the faraday method at
room temperature using Bruker BM6
apparatus. Diamagnetic corrections for
the calculated using

Pascal’s constants [*°],

ligand was

Results and discussion

The complex combinations
of Co(Il), Ni(Il) and Cu(ll) with (FBA)
and (FHA) (Fig. 1) appears as
powders.

[| ]L CH=N—CHy— CHo— CH2> — CHg3

O

a.

[| ]L CH=N—CHx—CH2— CH2 — CHz; — CH2 — CH3s

O

b.

Figure 1. The structure of a. (FBA); b. (FHA)

All the complexes are new
which synthesised in good yield by the
reaction of the metal salts and the two
ligands, in neutral medium. Their
molecular formulae [M(L).Cl;] and
[Cu(L).]Cl, (M=Co, Ni ; L= FBA,
FHA) are in good agreement with the
obtained analytical data (Table 1)
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indicating 1:2 metal-to-ligands
stoichiometry for all of them.

The complexes are air
stable at room temperature but they
decompose  without melting at
temperature above 250C°. All the
complexes are insoluble in water but
they are soluble in DMF. For the
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copper complexes, their electrical
conductances in DMF (Tablel)
ranging between 128-143 cm? ohm™
mol™ indicating 1:2 electrolytic nature,

while for the cobalt and nickel
complexes, the lower values of molar
conductivity suggesting non

electrolytes 41,
The active site of the ligands

and their bonding to the metal atoms
by
comparison of the main

was  characterized careful
infrared
absorption bands of the free ligands
and their complexes (Table 2). Each
ligand contains furan ring and
group.  The
characteristic bands located in the free
ligands spectra at 1624-1637 cm™ and
1280-1287 cm™ which were due to the
azomethine (—C=N) and furan ring (C—
0-C)

respectively. In the infrared spectra of

azomethine main

stretching vibrations,
the all complexes ; these two bands
suffer some sort of perturbation which
showed a negative shift of about 21-28
cm™ and 20-29 cm™ for the stretching
vibrations of azomethine and furan

ring, respectively. These perturbation
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in the spectra suggested coordination
through both azomethine nitrogen and
furan ring oxygen atoms >, Further
support for such coordination was
obtained from the observation of new
bands (not found in ligands spectra) at
496-505 cm™ and 441-450 cm™. These
bands were tentatively assigned to M-
O (metal — furan oxygen) and M — N
(metal — azomethine nitrogen) modes,

respectively 17,
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Table 1. Analytical data of the ligands and their complexes

* Cobalt, nickel or copper

FBA 0 J TR 70.88 (71.49) 8.87 (8.66) 9.01 (9.26)
N s O 73.96 (73.7) 9.76 (9.55) 7.35 (7.81) =
[Co(FBA),Cl,] 17 49.83 (50.01) 6.23 (6.06) 6.72 (6.48) 13.33 (13.63)
[Ni(FBA),Cl,] 12 49.92 (50.04) 6.12 (6.06) 6.11 (6.48) 13.91 (13.63)
[Cu(FBA),]CL, 143 50.37 (49.48) 6.41 (5.99) 6.31 (6.41) 14.77 (14.54)
[Co(FHA),Cl,] 13 53.88 (54.1) 7.24 (7.01) 5.42 (5.73) 12.39 (12.06)
[Ni(FHA),Cl,] 18 5427 (54.13) 7.34 (7.02) 5.61(5.73) 12.41 (12.02)
[Cu(FHA),] Cl, 128 53.74 (53.6) 6.99 (6.95) 5.22 (5.68) 12.47 (12.88)
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Table 2. Important I. R. spectral bands (cm™)

Compound

FBA

FHA

[CO(FBA)2C|2]

[Ni(FBA),Cl,]

[CU(FBA)z]C|2

[CO(FHA)2C|2]

[Ni(FHA).Cl,]

[CU(FHA)z] C|2

The

characterized by two absorption bands

ligands are
in the UV-region. A high intensity
band at 30303 cm™ is attributed to = >
n transition of furan ring and a second
band with lower intensity appeared at
28169 cm™ is attributed to n > 7
transition of azomethine group. Both
shift

coordination with a metal ion. These

bands showed a red on

observation  represent a  further
indication for the coordination of the
the ions. The

ligands to metal

electronic spectral bands and pes
values given in Table 3. For cobalt(Il)
complexes, three bands were observed
and assigned to *T.g > “Tog, v, *Tag
> A9, vo, and “Tig > “Tig (P), vs
transitions,

respectively in  an

octahedral field. Nickel (1) complexes
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exhibit three bands attributed to >A.g
> 3Tag, vi, *Asg > °Tig (F), vz, and
A9 > *Tig (P), vs, transitions. The
position of these bands referred to
octahedral geometry (8% For copper
(I1) complexes only one broad band
was observed in their electronic
spectra. This band is attributed to the
°B,g > %Eg, transition which is
consistent with square planar geometry
around copper (I1) ion ?%. The above
assumption was supported by magnetic
data. All the complexes were found to
be with

moments (Table 3) consistent with

paramagnetic magnetic
three, two and one unpaired electrons
for cobalt(ll), nickel(Il) and copper(ll),

respectively.
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Table 3. Electronic spectral data, magnetic moments of the

complexes

Electronic bands (cm™)

Compound

[Co(FBA),Cl,]

V2

V3

[CO(FHA)2C|2]

[Ni(FBA),Cl,]

[Ni(FHA),CI;]

[Cu(FBA),]CI,

[CU(FHA)Z] Clz

Conclusions :

From the above discussion
and from the data given in Tables 1,2
and 3, it is concluded that the ligands
of Schiff bases coordinating through
nitrogen of azomethine group and
furan ring oxygen atoms. Also
additional  coordination  of  the
inorganic anions was observed for
cobalt and nickel complexes giving
hexacoordinated metal ions with an
octahedral structure. On the other
hand, copper(ll) ion coordinated with
the nitrogen of azomethine group and
furan ring oxygen atoms only giving
tetracoordinated compound. Since the
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electronic band of the copper
complexes located above 18000 cm™,
square planar structure was suggested
for copper(ll) complexes . The
proposed structural formulas of these
compounds are presented in the Figure
2.
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Figure 2. The structural formulas of the complexes
a. [M(L)Cl,] (M=Co(Il), Ni(1l) ; L= FBA or FHA) ;
R=CHjs;, CH,CH,CH;
b. [Cu(L);]Cl, (L= FBA or FHA) ; R=CHj, CH,CH,CHj
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