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ABSTRACT

The synthesis of Schiff base derived from salicylaldehyde and 2,4-dinitrophenyl hydrazine and its metal
complexes were undertaken. This synthesis was achieved via the reflux condensation of salicylaldehyde and
2,4-dinitrophenyl hydrazine. Two metal complexes were prepared by coordinating the as-synthesized ligand
with Cobalt (I1) and Manganese (Il) ions. The structures of the prepared ligand and the complexes were
confirmed from the Fourier transformed infrared analysis. A laboratory tests were employed to study the
melting and decomposition temperatures, Solubility, conductivity and magnetic susceptibility. The ligand
obtained was a pale orange in colour with a percentage yield of 67% and melting point of 220°C, The Cobalt(l1)
complex was found to be Orange in colour with 89% percentage yield and 250°C decomposition temperature
and the Manganese(Il) complex was found to be a deep orange colour with 81% percentage yield and 246°C
decomposition temperature, The ligand and the complexes were found to be insoluble in water and slightly
soluble in some common organic solvents, All the complexes are found to be paramagnetic in nature.
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INTRODUCTION

Schiff bases play a vital role in the field of coordination
chemistry. This is due to their numerous industrial and
biological applications, they have received extensive
researches. Hugo Schiff was the first to describe Schiff bases,
which are the condensation products of primary amines with
carbonyl compounds (Cimerman et al., 2000). The
azomethine group, which has the generic formula RHC=N-RI
and may be substituted in a number of ways, is what unites
these compounds structurally. Where R and RI may be alkyl,
aryl, cyclo alkyl, or heterocyclic groups. These substances are
also known as azomethines, imines, and anils. Studies by
Singh et al. (1975), Perry et al. (1988), EImali et al. (2000),
Patel et al. (1999), Valcarcel et al. (1994), Spichiger et al.
(1998), and Lawrence et al. (1976) demonstrated that, the
presence of a lone pair of electrons in an sp2 hybridized
orbital of nitrogen atom of the azomethine group is of
considerable chemical and biological importance. Schiff base
is a nitrogen analog of an Aldehyde or ketone in which the
C=0 group is replaced by C=N-R group. It is formed by the
condensation of carbonyl compounds with a primary amine.
The formation of a Schiff base from is a reversible reaction
and generally takes place under acid or base catalysis, or on
the application of heat. Schiff bases typically contain ligands
that can form very stable complexes with transition metals,
such as bidentate, tridentate, Tetradentate, or polydentate.
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They can only operate as coordinating ligands if a functional
group, often the hydroxyl, is located close enough to the point
of condensation to allow for the formation of a five- or six-
member ring during reaction with a metal ion.

According to Cimerman et al. (2000) and Elmali et al. (2000),
a wide range of areas, including biological, inorganic, and
analytical chemistry, use Schiff bases produced from aromatic
amines and aromatic Aldehyde. Many novel analytical
devices have applications that call for the presence of organic
reagents as crucial components of the measuring system. In
coordination chemistry, Schiff bases are frequently used as
ligands (Andruhe et al., 2005).This is due to their
accessibility, adaptability, and tunable qualities, which
depend on the precursors (primary amine and carbonyl
compounds). They display a variety of reactions and
capabilities. Additionally, the quantity, type, and relative
positioning of a Schiff base ligand's donor atoms allow for
effective control over the stereochemistry of metallic centers
as well as the total number of metal ions present in homo- and
hetero poly nuclear complexes. According to Akmalet al.
(2007), these properties make Schiff bases excellent ligands
for the formation of metal complexes that are useful in
bioinorganic chemistry, catalysis, encapsulation, transport,
and separation processes. Hydrazones are used as multi
dentate ligands for transition metals in colourimetric or
fluorimetric analyses in analytical chemistry.
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Figure 1: General structure of the Schiff base

MATERIALS AND METHODS
All chemicals in this research work were of analytical reagent
grade and are used without further purifications.

Preparation of reagent
(3g) = (2.98g) of 2,4 dinitrophenyl hydrazine was accurately
measured in a washed 250ml conical flask and dissolved in

with (50ml) of ethanol, (5ml) of concentrated HCI was added
and cleared solution was formed upon continue stirring for
about 15 minutes.

Synthesis of the Schiff Base
By condensing an equimolar mixture of salicylaldehyde (0.1
ml) and 2,4-dinitrophenylhydrazine (0.10 mmol=1.198 g),

FUDMA Journal of Sciences (FJS) Vol. 8 No. 4, August, 2024, pp 333 - 337


mailto:smuhammad4@fudutsinma.edu.ng
https://doi.org/10.33003/fjs-2024-0804-

SYNTHESIS AND CHARACTERIZATION...

followed by the addition of 30 ml of ethanol and one hour of
refluxing, the Schiff base ligand was generated. The resulting
orange crystalline substance was filtered, washed with

o0

2,4-Dinitrophenyl Hydrazine Salicyladehyde
Scheme 1: Formation of the Schiff Base

Synthesis of the cobalt (1) complex

The Caobalt (1) complex was prepared on 1:1 molar ratio of
metal to ligand. 2.0g (0.0056mol) of Schiff base ligand was
added in 50 ml of ethanol and mixed 1.34 g (0.0056mol) of a
cobalt (I1) chloride. The mixture was refluxed for 3 hours and

N
Nn=c

+ CoCl2

OH

NO NO

2

Schiff Base
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ethanol, Recrystallized from ethanol, and dried for three days
in a phosphorus-containing desiccator. The reaction equation
is shown in scheme 1.

H
!
N
Nn=c
NO, No,

Schiff Base

REFLUX
Ethanol
-H:0

then cooled at room temperature. The product obtained was
filtered, washed with ethanol. Crystallization from aqueous
ethanol gives the desired metal complex. The same procedure
was employed for the synthesis of the Manganese (II)
complex as shown in the reaction schemes 2 and 3

~ ™~
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REFLUX
3hrs

Ethanol
-Hcl

Scheme 2: Formation of cobalt (I1) complex

N
Nn=c

+ MnCl2

OH

NO NO.

2

Schiff Base
Scheme 3: Formation of Manganese (1) complex

Laboratory tests for variables

Different solvents such as Ethanol, Methanol, Acetone, Ester
and dimethylsulfoxide (DMSO)were used to test the
solubility of the complexes such that; 0.2 g of the samples
were added in a testubes containing 5 ml of the solvents and
vigorously starred for 30 minutes to establish the
solvation/hydration equilibrium. The melting points and
decomposition temperatures of each sample was determined
using a glass capillary tube placed in SMP10 melting point
machine. The molar conductivity measurement of the metal
(I1) complexes was carried out using 0.1g of each of the
prepared compounds, then dissolve in dimethylsulphoxide
(DMSO) in a test tube, and the electrode was inserted, and the
reading was recorded. The various temperature of melting and
decomposition of each sample were presented in table 1.
Magnetic susceptibility data of the Compound was collected
at room temperature using MBS MK1 magnetic susceptibility
balance. Experimental method used to determine
susceptibility balance is as follows:

=00

REFLUX
3hrs

Ethanol
-Hcl

The contribution of the magnetic field produced by a
substance is called its magnetic susceptibility. Magnetic
susceptibility is measured using Gouy balance.
There is a relationship between the measured magnetic
susceptibility and gram magnetic susceptibility (Xg) given

) _ G () (RRy)
by, Xg - 109M
Where; Caal =Balance calibration constant =1.0
L= Height of the sample in tube (cm)
R = Reading for tube and sample
Ro = Reading for empty tube
M = Mass of the sample (g)
From the knowledge of gram magnetic susceptibility (Xg),
molar magnetic susceptibility (Xm) can be calculated using
the relation. Xm = (Xg) x(Molar mass)
Where; Xg = Gram magnetic susceptibility

Xm = Molar magnetic susceptibility

Note that when (Xg) is negative, then it indicate that its
diamagnetism likewise if (Xg) is positive, then it indicates that
its Paramagnetism while Ro is always negative because glass
is diamagnetic in nature.

FUDMA Journal of Sciences (FJS) Vol. 8 No. 4, August, 2024, pp 333 - 337

334



SYNTHESIS AND CHARACTERIZATION... Muhammad et al., FJS

Infrared Spectroscopy

The infrared absorption spectroscopy of the prepared ligand
and the complexes were carried out at the Scientific research
laboratory, Bayaro University, Kano, using a Cary FT-IR-630

model spectrometer, at the region of 4000-650 cm™Diamond the table 3.
Crystals disc. Infrared spectroscopy is an extremely powerful
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Figure 3: FT-IR spectra of the Co (11) Complex
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Figure 4: FT-IR spectra of the Mn (11) Complex

RESULTS AND DISCUSSION
Results
The results obtained from various analyses in this research are presented in the following Tables

Table 1: Physical properties of the ligand and its Metal (I1) Complex

analytical technique for both qualitative and quantitative
analysis. The infrared spectrum of the prepared samples
were interpreted by the use of known functional group
frequencies. The infrared absorption frequencies are shown in

Compound Colour %Yield M.P/D.T (°C)
Ligand Pale orange 67 220
Co (1) Complex Orange 89 250
Mn (11) Complex Deep Orange 81 246

FUDMA Journal of Sciences (FJS) Vol. 8 No. 4, August, 2024, pp 333 - 337

335



SYNTHESIS AND CHARACTERIZATION...

Muhammad et al.,

FJS

Table 2: Solubility of the ligand and its Metal (11) Complex in Water and some solvent

Compound Ligand CO (1) Complex Mn (11) Complex
Distilled Water IS IS IS

Ester IS IS IS

Methanol SS SS SS

Ethanol SS S S

Acetone SS SS SS
Dimethylsulfoxide (DMSO) S S S

S=soluble, IS= Insoluble, SS= slightly soluble

Table 3: Magnetic measurement values of the metal (11) complexes

Complexes Xqg(erg G2g1) Xm(ergG2mol?) e (BM) Property
Co (I1) complex 158.80 x 10”7 7.43x 10 3.41 Paramagnetic
Mn (11) complex 293.76 x 10”7 15.55 x 108 5.90 Paramagnetic

Table 4: FT-IR Spectral Data of the Ligand and its Metal (11) Complex

Compound V (C=N) cm™ V (C-O) cm™? V (OH) cm? V (M-N) cm!
Ligand 1611cm? 1201cm? L _

Co (I1) complex 1618cm? 1272cm? 3339cm-1 615cm

Mn (11) complex 1514cm? 1242cm 3272cmt 784cm?

Table5: Conductivity measurement for the Metal (I1) complexes

molar conductance (ohm-1cm? mol?)

Compounds Electrical conductance (chm-tcm?)
Co (I1) complex 9.2 x10¢
Mn (11) complex 11.1 x106

9.2
111

Discussions

The prepared ligand is a solid orange crystal. The obtained
manganese (I1) and cobalt (11) complexes have decomposition
temperatures of 250°C and 246°C, respectively, and are
crystalline  oranges. The complexes' stability was
demonstrated by the high decomposition temperatures. The
ligand and its metals (1) complexes were found soluble in
most common organic solvents but insoluble in water. The
molar conductance measurements (Table 2)of the complexes
in 10-3M dimethylsulphoxide (DMSO) is in the range 9.2 —
11.1 ohm cm? mol, which are relatively low, indicating
non-electrolytic nature. The magnetic susceptibility
Measurements (Table 1) provided the magnetic property of
the metal complexes. The magnetic moment value of Mn (1)
complex is 3.41 BM; whereas that of Co (II) complexes is
5.90. These indicate that, both the metal complexes are
paramagnetic. The IR spectra results (Table 3) of the free
ligand shows the broad band at 3339cm assigned to v(O-H)
stretching vibration The strong peak at 1618cm™ is attributed
to azomethine v(C=N) group. The band at 1514cm-* observed
in the metal complexes indicate the participation of the
azomethine nitrogen in coordination to the metal ions. Two
absorption bands in the range 615-784in the metal(ll) chelates
indicate the formation of M-N bonds in the metal (II) ions
respectively as shown in Table. The number of coordinated
ligands per metal ion was also determined using Jobs method
of continuous variation. For each metal (II) complex,
absorbance versus mole fraction of the ligand was plotted.
The mole fraction of the ligand at maximum absorbance was
used in calculating the number of a ligand coordinated to
respective metal ions (Mn2+, Co2+). The results obtained
show that the metal to ligand ratio is 1: 2 also as shown in
Figs. 1 and 2 respectively. As reported by Raju and
Balasubramanian, 2011

(Table 2). The complexes' molar conductance measurements
in 10-3M dimethyl sulphoxide (DMSO) are in the range of 9.2
to 11.1 ohm-1 ¢cm-2 mol-1, which is rather low and suggests
that they are not electrolytic in nature (Raju and
Balasubramanian, 2011). (Table 1).The magnetic properties

of the metal complexes are determined by the magnetic
susceptibility measurements. Mn (1) complex has a magnetic
moment value of 3.41 BM. Co (11) complexes have a magnetic
moment value of 5.90. These show that both complexes
exhibit paramagnetic behavior (Table 3).The free ligand's IR
spectra investigation reveals the broad band at 3339 cm-1,
which is attributed to the v(O-H) stretching vibration. The
azomethine v(C=N) group is responsible for the prominent
peak at 1618 cm. The presence of the azomethine nitrogen
in the coordination to the metal ions is indicated by the band
at 1514cm-1 that has been found in metal complexes.

CONCLUSION

A Schiff base ligand derived from salicylaldehyde and 2,4-
dinitrophenylhydrazine and their Mn(ll) and Co(ll)
complexes were synthesized successfully. The FTIR spectral
data showed that the Schiff base was coordinated to the metal
ions and characterized by melting point/decomposition
temperature, solubility, molar conductance, magnetic
susceptibility. Characterization showed the complexes to be
non-electrolyte with a variable degree of solubility in some
common organic solvent. The magnetic moments of the
complexes happens to be in the expected range for octahedral
complexes. The Schiff base behaves as bidentate ligand and
is coordinated to the central metal ion through the
azomethines and oxygen from the hydroxyl group. The metal
(1) complexes have tetrahedral geometry. The synthesized
ligand and its metal(ll) complexes were screened and the
ligand showed high activity compared to the complexes.
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