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Abstract
The present paper deals with the synthesis of metal complexes with mixed ligands; we have managed to synthesis several
complexes with a primary salicylaldehyde and imidazole molecule as auxiliary ligand. Complexes of Cu (II), Ni(II) were
isolated and characterized using several techniques; such as(UV-Visible and IR ) molar conductivity, atomic absorption and
magnetic susceptibility. The copper complex and nickel complex is in an octahedral. The intra-molecular hydrogen bonding
for salicylaldehyde and its influence on the coordination has been investigated.
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Introduction
Mixed-ligand complexes take part in many biological processes, also they have important applications in analytical, and other
branches of chemistry [1]. Aldehyde was recognized to function as ligands since quite a long period of time, and Synthesis of
transition metal complexes with aldehyde groups are of significant importance; as the aldehyde group can go through
different types of chemical reactions [2]. Metal ions, which may regarded as a hard acids would have more tendency to
coordinate with aldehyde, as in case of coordination of metal ions such as Ba(II) and Sr(II) with Salicylaldehyde [3].
Salicylaldehyde is very interesting example because it has the hydrogen bonding which exists between the aldehyde and
hydroxyl group, will hinder, to certain, via the two groups [4]. It has been well known that salicylaldehyde and also methyl
salicylate form strong intra-molecular hydrogen bonds which initiated between the hydroxyl of phenolic group and the
oxygen of the carbonyl group [5]. Hydrogen bonding is a very imperative and valuable feature for study and considerate the
whole molecular structure for a molecule with the hydrogen atom able to interact with other atoms with high
electronegativity; even though the energy of such bonding is quite low [4]. Hydrogen bonding occurred through the, more
acidic hydrogen of the hydroxyl group, and more basic carbonyl oxygen, which leads to form six membered ring; in addition
to that the distance between the oxygen of the aldehyde group and the hydroxyl hydrogen (2.6 A) is too long to establish
hydrogen bonding [4]. pKa of salicylaldehyde and also other chloro derivatives have been determined spectrophometically
[6]. this would assist to find out the experimental conditions required to synthesis the complexes, in other words acid
dissociation constants will be presented in this paper as measures of the relative strengths of proton chelation.). Stability
constants of salicylaldehyde and some chloro and nitro derivatives with Cu(II) were determined [2] and it has been found that
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the salicylaldehyde complex is more stable than the other derivatives except the 6- chloro salicylaldehyde. The higher acidity
of the phenolic group in Salicylaldehyde, so the hydrogen atom of this group will engage in hydrogen bonding with the
oxygen atom of the aldehyde group forming a six membered ring.
The low basicity of the oxygen group would not contribute to build relative stable hydrogen bonding. Losing the hydrogen of
hydroxyl group will certainly influence the aldehyde group, which will rotate away from the hydroxyl oxygen and preclude
the possible coordination [1] various molecular properties of system that has the possibility of an interaction between a
hydrogen atom and a more electronegative atom such as F, O and N. intra-molecular hydrogen bonding in particular is very
responsible for the molecular conformation and intra-molecular rearrangement of a certain molecule. The free ability of the
carbonyl oxygen in the aldehyde or the anion of aldehyde to rotate will affect the coordination with metal. Now, this will be
taken over by the extent of how this ligand tend to coordinate with the metal ion, and in the same time depends of the
coordination power of the metal ion itself.

Materials and Methods
Nickel complex
This complex has been prepared by mixing directly, on the following by the reaction between nickel ion with mixed ligand
with mole ration 1:2:2 M: L: L with mole ration 0.01 mole (2.377 gm) of nickel chloride hexa equate which has been already
dissolve in water with 0.02 mole (2.68 gm) of salicylaldehyde and 0.02 mole (1.36 gm) imidazole which both have been
dissolve d in ethanol Complex has been precipitate and isolated and been washed with ethanol and distill water and dry.
Copper complex
Copper (II) has been reacted with the salicylaldehyde in ratio 1:2, metal to ligand by the reaction between 0.01 mole of
(1.705 gm) of NiCl2.2H2O which has been already dissolve in distilled water with 0.02 mole of (2.68 gm) of salicyldehyde
which already been dissolved in ethanol followed by the addition 0.02 mole (1.36) gm of imidazole which dissolved in
ethanol. A precipitate was developed and has been isolated and washed by distilled water and ethanol then dried this complex
has been synthesized in slightly. Different way, as we are unable to prepare the complex in the same way as in case of nickel.
UV-Visible spectra were taken in quartz cell with width 1cm with DMF solvent and the measurement was taken by using
Shimatzu (Cary 100). Conductivity measurement were taken with the same solvent (WTW 740) and IR spectra were recorded
on shimadzy (FT-IR-8400) spectrophotometer. Atomic absorption measurement was taken by (phoenix-986). Magnetic
susceptibility measurement was obtained at 25°C on the solid state applying Faraday’s method using Balance Magnetic
susceptibility model (MSB-MKI).
TABLE 1: The physical data and atomic absorption of complexes
Compound

Color

MP 0c

M%

Cal

Found

CuL2L'2

Light Brown

215-220 d*

13.44

13.46

Ni L2L'2

Light Green

310-315 d*

14.38

14.74

L= Salicylaldehyde L'= Imidazole d*= decompose

Result and Discussion
In this present paper, we described the synthesis and characterization of neutral complexes formed from copper (II) and
Ni (II) mixed ligands complexes of the type MLL' (L=Salicylaldehyde, the primary ligand, L'= imidazole, the auxiliary
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ligand). The reaction of metal ion with 1:1 mixtures of Salicylaldehyde and Imidazole result in the formation of mixed
ligands complexes. The resulting complexes are isolated as Green solids. All the complexes are insoluble in most of the
organic solvents. The molar conductance of the complexes is very low, indicting their non-ionic nature. In all metal
complexes the metal ion appears to be hexa-coordinated and the probable geometry is octahedral. In order to through
more light on the coordination mode in ternary complexes.
We have synthesized two sets of complexes; the first set complexes are the binary complexes, which have been
synthesized from the coordination between the metal ion and the primary ligand (Salicylaldehyde) and the proposed
complex is ML2 (M is metal ion Cu (II) and Ni (II) and L is Salicylaldehyde). The IR spectra of the salicylaldehyde
shows  (C=O) frequency at 1720 Cm-1 the normal absorbance of C=O is 1725 Cm-1 (under the influenced of
conjugation caused by the aromaticity or benzene ring) [7] Shifting towards less frequency is due to hydrogen bonding
between the oxygen of the carbonyl and the hydrogen of the hydroxyl group [4]. The  (O-H) frequency in phenol is
3200-3400 (14) and this frequency will be shifted down in case of salicylaldehyde to) 3180-3061) Cm-1 (the shifting
occurs in case of salicylaldehyde is again due to hydrogen bonding as it has been mentioned above. The IR spectra of the
Cu (II)-L2 complex shows  (C=O) frequency at 1700 Cm-1 the shifting here is consistent with the coordination of the
ligands with the metal ion. Similar shifts to lower wave number have been reported in complexes of transition metals
with similar ligands [8] The size of shifting reflects the strength of the coordinated bond in the formed complex between
the carbonyl oxygen and the Cu (II) ion; it can be inferred that the coordinated bond is reasonably strong. This is not
very expected, if we consider that the oxygen atom is a soft base and the Cu (II) ion is a border line acid [9]. The other
link with the salicylaldehyde is through the oxygen of hydroxyl group, which makes the salicylaldehyde ligand bidentate. There is no trace of the OH group which confirms the coordination, as the dissociation of the hydrogen ion
occurs as a result of coordination [10] The IR spectra of the NiL2 shows

 (C=O) frequency at 1700 Cm-1 and as it has

been mentioned above, the normal absorbance of C=O is 1725 Cm -1(under the influenced of conjugation caused by the
aromaticity or benzene ring) [7]. Again shifting towards less frequency is an indication of the complex formation
between the ligand and the metal ion. The main aim of this research is to synthesis a mixed ligands complexes; with the
Salicylaldehyde as a primer ligand and other mono-dentate ligand (Imidazole) to be added to satisfy the coordination
sites of the metal ion. Imidazole ligand has been chosen due to its relative high basicity and with its mono-dentate ability
so it would be capable to occupy, through pyridine nitrogen, the axial positions whereby to achieve the octahedral
complex. There is no exchange in ligands occurs, this is might be due to the similarity in the coordination ability between
the salicylaldehyde and the imidazole, so the second ligand (imidazole) L’ find its way to settle down within the whole
structure of the ML2, result in octahedral mixed complex with a structure of ML2L'2. Steric hindrance is not expected to
prevent the attachment of imidazole molecules, basically because coordination sites allow to more molecules to be
attached. Also it has been found that imidazole would enhance the coordination between of binary Cu (II) complex with
ligands having oxygen donor atoms [11]. A possible of intra-hydrogen bonding to occur between the hydrogen of pyrrole
nitrogen of imidazole and the oxygen atom of the hydroxyl group on the attached salicylaldehyde molecules. This type
of bonding expects to strengthen the whole structure of the complex, and lead to more stability. In the same time the
aldehyde group in the coordinated ligand doesn't actually react with the imidazole, as this case has been noticed with
other mono-amine used in case of synthesis other mixed ligand complexes [12]. The IR spectra of the ternary Cu(II)mixed complex (CuL2L'2) shows the following bands 1660 cm-1 and 1597 cm-1 , the first one assigned for the C=O,
absorbance of this group occurs in the same area as in case of the binary complex CuL 2. This means that the binding

3

www.tsijournals.com | March-2017

between the salicylaldehyde and the Cu (II) doesn't influenced by the addition of the second ligand this might reflect the
strength of the Cu (II)-binding to the primary ligand. The second band is assigned to C=N, as the normal absorbance of
this group is in the region 1615 -1700 cm-1 [7]. and the shifting towards less frequency is due to the contribution of the
pyridine nitrogen into the coordination. The IR spectra of the ternary Ni (II)-mixed complex (NiL2L'2) shows the
following bands, 1680 Cm-1 and 1602 Cm-1 the first frequency assigned to the C=O group, and the situation in case of Ni
(II)-complex is different from the case of Cu(II)-complex and accordingly it can be said the binding in case of the copper
ion with the primary ligand is the stronger. The second band assigned to the C=N group, the shifting from the normal
value is an indication of the involve of this group in the reaction. Less shifting occurs in the C=N group, and the C=O
group in case of Nickel ion complex, and this is an indication of the strength of the binding; this is expected on the light
of Irving – William series Other weak bands have been observed in the region (500-550) cm-1 which are absent in the
free ligands, can be assigned to υ (M-O) vibration [2,3] (TABLE 2).
Table 2: IR (υcm-1) spectral data of Salicylaldehyde, Imidazole and its complexes
compound

υ (O-H)

υ (C=O)

υ (C=N)

υ (M-O)

υ (M-N)

L=Salicylaldehyde

(3180-3061)

1720

----------

----------

----------

L'= Imidazole

----------

----------

1670

----------

----------

CuL2L'2

----------

1660

1597

549

426

Ni L2L'2

----------

1680

1602

522

450

IR spectra reveal the electronic spectra of solution of the complex CuL 2L'2 showed several peaks as follows: At 348 nm
peak absorbance assigned to the  → * which is due to the aromatic system in the ligands. At 368 nm peak absorbance
assigned to the n →* which is due to the existence of phenolic At 409 nm peak absorbance assigned to the charge
transferee At 697 nm assigned to the d-d transition, which is due (FIG. 1) [13-15].
2

Eg → 2T2g ------------------- (14347 Cm-1)

FIG. 1. Electronic Spectrum of Cu-L2L'2
The electronic spectra of solution of the complex NiL2L'2 showed also several peaks as follows the peak absorbance at
268 nm is (FIG. 2)

FIG. 2. Electronic Spectrum of Ni-L2L'2
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Assigned to  → * transition, as it is due to the aromatic system in the ligands. The second peak absorbance showed at
326nm, which assigned to then n→* transition, as it is due to the phenolic oxygen. And the absorbance at 394 nm is
assigned to the charge transfer. Nickel (II) ion, in octahedral structure, shows three d-d transitions; two of them
positioned in the UV-visible spectrum, which we characterized them as follows: The band (18182-13793 cm-1) is
assigned to the d-d transition which is due to The Magnetic moment value for Cu+2 complex was (2.9) BM that’s mean
its have one singlet electron. But in case of Ni+2 complexes its appearing has two singular electrons. The conductivity
measurement showed that all the solution complexes for both Cu (II) and Ni (II) in DMF solvent (10 -3 M) are none
electrolyte. From the above measurements it can be concluded and confirmed that the mixed ligand complexes for both
ions have molecular formula of ML2L'2 with geometrical structure of octahedral; and the following scheme shows the
structure of the ML2L'2 complex (TABLE 3, SCHEME 1 and 2) [16,17]
1 3A2g (F) → 3T2g (F)
2 3A2g (F) → 3T1g (F)
3 3A2g (F) → 3T1g (P

TABLE 3: Electronic transitions .magnetic moments and molar conductivities of prepared compounds

compound

Absorption

Transition

µ

molar

Proposed geometry

conductivities
(nm)

(BM)

ohm-1cm1

Cu-L2L'2

348

 ---

368

n→p*

409

15

octahedral

2.9

12

octahedral

C.T
Eg → 2T2g

268

 - 

326

n→p*

394
(550-725)

1.8

2

697

Ni-L2L'2

mole-1

C.T
3

A2g (F) →3T2g (F)

3

A2g (F) → 3T1g (F)

3

A2g (F) → 3T1g (P)
C.T – Charge Transfer
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(SCHEME 1: Cu-L2L'2)
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O
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SCHEME 2: Ni-L2L'2
H
N
N

H
O

O
Cu

O

O
N

H

N
H
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