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I 

 

Abstract: 

         The study involved synthesis of two types of Schiff base ligands. The first 

ligand (L1) is synthesized from the reaction between 2-aminothiophenol with 9,10-

phenathrenquinon and the second ligand (L2) was synthesized from reaction be-

tween 2-aminothiophenol with 2,5-dihydroxy-1,4-benzoquinon. The first ligand 

coordinated with (Co(II) Ni(II) and Cu(II)  in molar ratio (l:l) (M:L), while the se-

cond ligand coordinated with (Co(II) and Ni (II) in molar ratio (2:1) (M:L). Both 

ligands were characterized by (FTIR, UV-visble,
1
HNMR and thermal analysis). 

The  ligands complexes were characterized by (FTIR, UV-visible, molar conduc-

tivity, magnetic sensitivity and thermal analysis). It could be suggested the square 

planar geometry for (L1) complexes. While (L2) complexes suggested as tetrahe-

dral. The biological activity of all the prepared ligands and complexes were tested 

against two types of bacteria, Escherichia coli and Staphylococcus aureus. The re-

sults show the biological activity of  L1- metal complexes against the two types of 

bacteria in comparison with the two ligands and L2- metal complexes . 
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1.General Introduction to Schiff Bases 
 

       According to the reaction conditions, a primary amine can combine with an 

aldehyde or a ketone to produce a Schiff base, which a German chemist bear hugo 

joseph named schiffs described these compounds at first in 1864[1-3].These 

compounds (Schiff bases) are also known with other different names, such as anils, 

imines or azomethines[4]. 

 

      In Schiff base synthesis analdehyde or ketone whose carbonyl group (C=O) has 

been replaced by -C=N group to give aldimines or ketimines respectively with the 

elimination of water molecule [5,6]. The general  reaction  of Schiff bases 

synthesis is shown in the following Figure(1.1)[7]. 

 

 

 
 

scheme(1.1) General reaction for Schiff base synthesis 

 

Where R groups can be alkyl or aryl and amines act as nucleophile, while 

aldehydes or a ketones are electrophiles[8].Schiff bases which are substituted with 

aryl  groups are significantly stable and easy to synthesize. While Schiff bases with 

alkyl substituents are unstable. The Schemi  below shows the synthesis mechanism 

of Schiff bases by the reaction between the carbonyl  compound  and amines. 
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Scheme (1.2) Schiff base mechanism synthesis. 

 

 

 

The use of Schiff bases in different fields is due to the presence of the lone pair of 

electrons in an sp
2
 hybridized orbital of nitrogen atom of the azomethine group (–

C=N )[9].There fore, Schiff bases can be found as catalysts in the organic synthesis 

and can be used as pigments and dyes[10,11]. 

 

In addition, Schiff bases poses a biological  importance, therefore, they can be used 

also as  antifungal, antibacterial, antimalarial,  anti-inflammatory, antiviral, and 

antipyretic effects[12-16]. 

In coordination chemistry , Schiff bases form complexes with different metal ions 

by binding these  metal ions with the azomethine nitrogen[17]. 
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1.1 Methods to prepare Schiff bases 
 

1.1.2 Reactions of primary amines with aldehydes or ketones 
 

This method can be considered as the most often used method to prepare Schiff 

bases. This method relies on the reaction between aldehydes or ketones with  

primary amines to produce a Schiff base compound with the characteristic 

asomethine group with the releasing of water molecule. The presence of  acids in 

this reaction can improve the reaction and make it faster. Such as hydrochloric 

acid, sulphuric acid and glacial acetic acid[2, 18,19].Scheme(1.3) 

 

          Scheme (1.3) Schiff base synthesis from primary amines with aldehydes or ketones 

 

 

1.1.3 Reaction of amines with oxidized alcohols 

 

Hence the synthesis of aldehydes and ketones relies on the oxidation of alcohols , 

therefore, in this method alcohols are used and oxidized to produce aldehydes and 

ketones. Then the latest compounds are reacted with amines to give Schiff bases as 

shown in Scheme 1.4 [20-27]. 

 

 

Scheme (1.4) Schiff base synthesis from amines with oxidized  alcohols 

 

 

 



4 
 

 

1.1.4Reaction  of organometallic compounds with cyanides 
 

In this method ( figure. 1.5)  a grignard reagent is added to aryl cyanides or 

aliphatic cyanide to produce ketimines which converted to the related ketone by 

hydrolysis of the intermediate compound of metallo imine[28]. 

 

 

Figure (1.5) Schiff base synthesis from organometallic compounds with  cyanides 

 

 

 

1.1.5 Reaction of phenols and phenol-ethers and nitriles 

 
 

Nitriles compounds can react with  phenols and their phenol ethers to give 

ketimines. this reaction can be accelerated by an acid[29-31].. This  reaction can be 

explained by  figure (1.6) 

 

 

 
Figure (1.6) Schiff base synthesis from phenols and nitriles 
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1.1.6 Metal amides reaction 

 

In this method an alkali metal or its amine salt are added to ketones to give the 

Ketimine inorder to give Schiff base compound.  

 

 

1.2Classification of Schiff bases according to the number of 

donation groups 

 
Schiff base can be classified according to the number of coordination sites in 

Schiff ligand to: 

 

1.2.1Monodentate Schiff bases: In these ligands the metal ion coordinates 

with a Schiff base ligand through the azomethine group ( one coordination site) an 

example of such Schiff bases is shown in figure(1.7)[32]. 

 

 

Figure (1.7)Monodentate Schiff base ligand 

 

1.2.2Bidentate Schiff bases[33]:These ligands linked with the metal ion by 

two chelate sites in the Schiff base ligand as given in figure(1.8) 
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Figure (1.8)Ru(II) complex with bidentate Schiff base ligand 

 

 

1.2.3 Tridentate Schiff bases:Three coordination sites are available in the 

Schiff base ligand to coordinate with the metal[34]. ionas given in figure(1.9) 

 

 

Figure (1.9) V(II) complex with tridentate Schiff base ligand 

 

 

 

 

1.2.4 Tetradentate Schiff base ligands: These ligands coordinate with 

metal ions through four coordination sites[35]. as shown in figure (1.10) 
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Figure (1.10) Metal complexes with tetradentate Schiff base ligand 

 

1.2.5Polydentate Schiff bases:These ligands contain more than four 

coordination sites[36].Figure (1.11) shows such Schiff bases[37]. 

 

 

Figure (1.11) Examples of polydentate Schiff bases 
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1.3Metal Complexes with Schiff Bases 
 

In the last twenty years, there has been a lot of interest in Schiff base complexes of 

some transition metal ions, specially the first row of transition metals in the 

periodic table. The interest comes from the importance of  these complexes in a 

wide range of applications, including biological, clinical, analytical, industrial, and 

catalytic activity in organic chemistry [38].  

Schiff base compounds are acting as good chelating agents by the coordination 

with the metal ion through the azomethine group nitrogen atom. In addition, the 

presence of  special coordinating sites in the skeleton of Schiff base ligands such 

as, hydroxyl and thiol groups can enrich the properties of the produced Schiff base 

ligand as well as the formation of stable six or five membered ring[39-41]. As a 

result these Schiff base ligands find their way in various applications as mentioned 

above[42,43]. 

 

 

1.3.1 Cobalt chemistry  
 

Cobalt as an element has been isolated firstly in 1735 by the Swedish chemist 

Georg Brand. In nature , cobalt can be found with other  metals such as Fe, Ni, Cu, 

Ag and As[44]. 

 

Cobalt has the electronic configuration[Ar]
18

4s
2
3d

7
.In cobalt compounds, the 

common oxidation states are 1, 0, +1, +2, and +3. Divalent and trivalent states are 

the common cobalt oxidation states.table(1-1) 
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Table (1-1)  shows some of cobalt properties[45]. 

Cobalt general properties 

 

Atomic 

number 

electronic 

configuration 

Melting 

point °C 

Ionization 

energy 

oxidation 

states 

Atomic 

mass 

27 [Ar]
18

4s
2
3d

7
 1495 757.6kJ/mol 1, 0, +1, 

+2, and +3 

58.93 

 

 

 

Cobalt with +2 oxidation state gives different types of complexes with different 

structures such as, blue tetrahedral and pink octahedral complexes. Co(II) 

octahedral complexes are either high spin or low spin with the electronic 

configurations t2g
5
eg

2
 and t2g

6
eg

1
 respectively[46]. While the high spin tetrahedral 

complexes have the electronic configuration e
4
t2

3
. 

 

Cobalt with +3 oxidation state gives also complexes with four or six coordination 

numbers. The frequent ones are the octahedral complexes with (six coordinating 

ligands). In such complexes Co
3+

 is found as low spin with the electronic 

configurations t2g
6
eg

0  
and its hybridization is d

2
sp

3
[47,48]. 

 

An example of  tetrahedral Co(II) complexes are those which have been reported 

by Tunçelet.al.,(Figure. 1.12).In these complexes the ligands 4-(3-

methoxysalicylidene)-5-hydroxy-6-(2-hydroxyphenylazo)-2,7-naphthalene 

disulfonic acid disodium salt and 4-(3-methoxysalicylidene)-5-hydroxy-6-(2-

hydroxy-4-cholorophenylazo)-2,7-naphthalenedisulfonic acid disodium salt form  

tetrahedral Co(II) complexes. These complexes were prepared by the addition of 

cobalt chloride dissolved in ethanol to an aqueous solution of the ligand at pH 5 

and the mixture was heated in a water bath for four hours[49]. 
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Figure (1.12) An example of tetrahedral Co(II) complexes 

 

 

 

On the other hand, an example of octahedral Co(II) complexes, is its complex with 

{2,2'-(((2-aminophenyl)imino) methylphenol(Figure 1.13). The Schiff base ligand 

was prepared by the refluxing  o-phenyldiamine with salicylaldehyde in ethanol 

and glacial acetic acid for three hrurs. These ligands were reacted with CoCl2.6H2O 

in methanol for six hr. to give the Co(II) complex[50]. 

 

 

 
Figure (1.13) Example of octahedral Co(II) complexes 
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1.3.2 Nickel chemistry  
 

In the first transition row, nickel (Ni) is found with the valence shell configuration  

3d
8
4s

2
. It is found a ssilver white crystals and in nature combined with other 

elements. Oxide and silicate are the common ores of nickel[51]. The common 

oxidation states of nickel are 0 and +2. 

 

                            Table (1-2) Shows some of nickel properties 

 

Nickel general properties 

 

Atomic 

number 

electronic 

configuration 

Melting 

point °C 

Ionization 

energy 

oxidation 

states 

Atomic 

mass 

28 [Ar]
18

4s
2
3d

8
 1453 737  0, +4, +2, 

and +3 

58.71 

 

 

Ni
2+

possess different coordination numbers and geometries, therefore, square-

planar, octahedral, and tetrahedral structures are the most available[52-54].Ni
2+

 

tetrahedral complexes as well as square planar geometry with the maximum of four 

coordination number have the electronic configuration d
8
[55-57]. In the latest 

complexes type eight electrons are fitted into four d orbitals while one empty 

orbital is left. 

 

In addition, benzyl -2-[phenyl(pyridin-3-yl)methylidene]hydrazinecarbodithioate 

Schiff base ligand was reacted with nickel(II) acetate in ethanol to form Ni
2+

 

square planar complex(Fig. 1.14)[58]. 
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Figure (1.14) Ni

2+
 square planar complex with benzyl -2-[phenyl(pyridin-3-

yl)methylidene]hydrazinecarbodithioate Schiff base ligand 

 

Singh and coworkers have prepared octahedral Nickel(II) complex with Schiff 

base ligand of 2,4-Furyliminobenzylacetophenone(Figure. 1.15). This complex was 

prepared by the reaction between this Schiff base and nickel chloride hexahydrate 

in methanol for 3 hour.[59]. 

 

 

 
Figure (1.15) Ni

2+
octahedral complex with2,4-Furyliminobenzylacetophenone Schiff base 

ligand 

 

Another octahedral Nickel(II) complex was reported by AL-Jibouri et.al.,(Fig. 

1.16)where (E)-2-(((3-mercapto-5-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazol-4- 

yl)imino)methyl)phenol was reacted with NiCl2.4H2O in ethanol and for (10-12) 

hours[60]. 
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Figure (1.16)Octahedral Nickel(II) complex with(E)-2-(((3-mercapto-5-(3,4,5-

trimethoxyphenyl)-4H-1,2,4-triazol-4- yl)imino)methyl)phenol 

 

 

 

1.3.3 Copper Chemistry 
 

Copper is also found in the first transition row with the electronic configuration 

3d
10

4s
1
. It was firstly discovered in 1776 and it is found as two ores, sulfides and 

oxides.  As a metal it appears as a soft red .The most common oxidation states for 

copper is +2[61].as im table (1-3) 

 

                          Table (1-3) shows some of copper properties 

 

Copper general properties 

 

Atomic 

number 

electronic 

configuration 

Melting 

point °C 

Ionization 

energy 

oxidation 

states 

Atomic 

mass 

29 [Ar]
18

3d
10

4s
1
 1083 745.5  +1 and 

+2,  

63.54 
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Most Cu
2+

 compounds have four, five and six coordination numbers[62-

64].Complexes of copper (II) show blue or green color with d-d electronic 

transitions , charge transfer transitions (from metal to ligand and ligand to metal). 

Tetra coordinated copper is preferred a square planar geometry[65-67]. 

 

For example, Cu(II) complex with N-alkylsalicyladimines(Fig. 1.17) ) adopts 

square planar structure. This complex was prepared by the reaction between a 

Schiff base formed from  salicyldehdye and primary amine with copper salt in the 

presence of a base[68]. 

 

 

 
                    Figure(1.17) Cu(II)  square planar complex with N-alkylsalicyladimines 

 

 

Another example of  Cu(II) square planar complexes is its complex with [(E)-[(2-

methyl-1,3-thiazol-5-yl)methylidene]amino]thiourea which was prepared by Yallur 

and co-workers (Fig. 1.18). The Schiff base ligand was prepared by refluxing an 

alcoholic solution of 2-methyl-1,3-thiazole-5-carbaldehyde with thiosemicarbazide 

in the presence of  5% aqueous acetic acid. This ligand was mixed with copper (II) 

chloride dihydrate in ethanol for two hour.[69]. 
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Figure(1.18)  Cu(II) square planar complex with[(E)-[(2-methyl-1,3-thiazol-5-

yl)methylidene]amino]thiourea 

 

Bakare has prepared octahedral Cu(II) complex with a Schiff base ligand derived 

from4-amino-3-hydroxynaphthalene-1-sulfonic acid and 2-hydroxy-1-

naphthaldehyde in methanol(Figure. 1.19). This ligand was reacted with copper (II) 

chloride dehydrate in a basic solution for an hour and half using methanol as a 

solvent[70]. 

 

Figure (1.19) Octahedral Cu(II) complex with a Schiff base ligand derived from 4-amino-3-

hydroxynaphthalene-1-sulfonic acid and 2-hydroxy-1-naphthaldehyde 
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1.4Applications of Schiff base metal complexes 
 

As it is well known that Schiff base ligands have been studied widely, because they 

are easy to prepare. Therefore,  these ligands play an important roles in the both 

coordination chemistry and bioinorganic chemistry.  Due to the presence of the 

azomethine group with the one pair of electrons as mentioned before.Therefore, 

they have a potential use chemistry and biology. The activity of the azomethine 

group is due to the sp
2
hybridization of its nitrogen atom.  For example, this atom 

can form  a hydrogen bond with the active centres in the cell.In addition Schiff-

bases can be used for inflammation, microbial, cancer treatments in addition to 

their use in industry[71-73].Some of Schiff bases applications are listed below. 

 

 

1.4.1 Anticancer application of Schiff bases 
 

Cancer,  is a kind of  disorder of cells whi chleads to non-controlled development 

of those cells in some circumstances[74]. For Cancer treatment,  Surgery and 

chemotherapy are the available solutions[7]. However, chemotherapy drawback is 

the undesirable side effects.Therefore, many Schiff-bases metal complexes have 

been prepared and investigated against different types of cancer. 

Kauret.al., have prepared di and Triorganotincomplexes with 2-{[(E)-(2-hydroxy-

3-methox yphenyl)methylidene]amino}-2-methylpropanoic acid and used to 

investigate their activity against MCF-7 breast cancer cells. These two complexes 

show a good anticancer activity in comparison with the ligand[75]. 

Deghadi and co-workers have prepared Schiff base Cu(II), Co(II), and Zn(II) 

complexes and tested against the MCF-7 breast cancer cell. The Schiff base ligand 

was prepared by the reflux reaction between 4-aminosalicylic acid and 2-

acetylferrocene for three hours(Fig. 1.20).Then the metal complexes were prepared  
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by mixing the ligand (dissolved in DMF) with these metal chlorides ( dissolved in 

hot ethanol) in 1:1 molar ratio for one hour[76]. 

 

 

 

 

 

 

Figure(1.20) Different anti-breast cancer metal ion complexes with Schiff base derived 

from 4-aminosalicylic acid and 2-acetylferrocene 

 

 

 

Abdulla et.al., have tested the effect of Schiff-base complex Cu(Br-HAP) on Ht-29 

colon cancer cells (Figure. 1.21) and the data suggest that Cu(Br-HAP) could be a 

suitable candidate for treating colon cancer[77]. 
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                           Figure(1.21) Cu(Br-HAP) complex used to treat colon cancer 

 

Abd-Elzaheret.al., have tested the anticancer activity of Co
2+

, Ni
2+

, Cu
2+

, and Zn
2+

 

complexes with a Schiff base prepared by refluxing 2-amino-4-phenyl-5-methyl 

thiazole and salicyladehyde in ethanol with drops of glacial acetic acid for four 

hours(Fig. 1.22). The metal complexes were prepared by dissolving the related 

metal chlorides in ethanol and adding them to an ethanolic solution of the ligand. 

This reaction was carried out for three hours. These complexes were tested against 

breast cancer cell line MCF-7, liver cancer cell line HepG2, lung carcinoma A549 

and colorectal cancer HCT116 where they showed a good inhibition activity[78]. 
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Figure(1.22) Co
2+

, Ni
2+

, Cu
2+

, and Zn
2+

anticancer complexes with Schiff base derived from 

2-amino-4-phenyl-5-methyl thiazole and salicyladehyde 

 

 

Hathout and co- workers have prepared Co(II), Ni(II), Cu(II) and Pd(II) Co(II) 

complexes withSchiff base ligands, which were produced from 

aminneocryptolpine and salicyladehyde. according to research conducted on 

colorectal adnocrcinoma (HT-29) cells .The ligand was prepared by reacting 11-

chloro-6Hindolo[2,3-b]quinolone dissolved (in hot DMF) with 1,2-diaminobenzen 

in the same solvent for 24hrs and in the presence of trimethylamine[79]. 

Pour and co-workers  have  synthesized  Cu(II) complex with Schiff base derived 

from gabapentin and 2- hydroxy1-naphthaldehydeand tested its anticancer 

activityagainstleukemic T cell line, human ovarian cancer cell lineand human 

glioblastoma cell line[74] 
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1.4.2 Antimicrobial applications of Schiff bases 
 

The relationship between the human health and the prepared metal complexes have 

been studied widely. As these complexes have potential effect on human health 

and life. For example, these metal complexes can be used to treat different diseases 

even using them in industry[81].     

 

Chanda and co-workers have prepared two Schiff base ligands from 

raceacetophenone, 4-ethyl-6-{(E)-1-[(3-nitrophenyl)imino]ethyl}benzene-1,3-diol  

and  4-ethyl-6-{(E)-1-[(2-nitrophenyl)imino]ethyl}benzene-1,3-diol(Fig. 

1.23).Then prepared their metal complexes with iron, copper, nickel and zinc by 

reacting the related metal salt with the ligands in 1,4-dioxane and distilled water 

and only 1,4-dioxane at appropriate pH. These complexes were obtained upon 

reflux for 4-6hours. These complexes with their ligands were tested against 

Pseudomonas aeruginosa, Proteus vulgaris, Proteus mirabilis, 

Klebsiellapneumoniae and Staphylococcus aureus. The results show the high 

antibacterial activity of the ligands in comparison with their metal complexes[82]. 
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Figure(1.23)Antibacterialmetal complexes with Schiff base ligands 4-ethyl-6-{(E)-1-[(3-

nitrophenyl)imino]ethyl}benzene-1,3-diol  and  4-ethyl-6-{(E)-1-[(2-

nitrophenyl)imino]ethyl}benzene-1,3-diol 

 

El-Sherif et. al.,  have synthesized the metal complexes of Cu
2+

, Zn
2+

, and Ni
2+

 

with Schiff base ligand (E)-4-bromo-2-(((thiophen-2-

lmethyl)imino)methy)phenolby refluxing  5-bromo-2-hydroxybenzaldehyde and 2-

aminomethylthiophen for one hour (Fig. 1.24). Then the metal complexes were 

prepared by reacting hydrated copper chloride, hydrated nickel and zinc nitrate 

with the Schiff base ligand for two hours. These complexes proved to be good 

antimicrobial activity against  different bacteria like E. coli, P. aeruginosa, S. 

aureus, and B. subtilisbacteria[83]. 
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Figure(1.24)Antibacterial Cu
2+

, Zn
2+

, and Ni
2+ 

complexes with Schiff base ligand (E)-4-

bromo-2-(((thiophen-2-ylmethyl)imino)methy)phenol 

 

Cobalt (II), nickel (II) and copper(II) Schiff base complexes with 3,3’- 

thiodipropionic acid bis(4-amino-5-ethylimino-2,3-dimethyl-1-phenyl-3-

pyrazoline) have been prepared by Chandra and co-workers (Figure. 1.25). All 

these compounds were tested  against Alternariabrassicae, Aspergillusniger and 

Fusariumoxysporum fungi types. And they showed a good antifungal activity if 

compared with the ligand[84]. 



23 
 

 

M= Co(II), Ni(II) and Cu(II), X = NO3
−
 , Cl

−
 and OAc 

Figure(1.25)Antifungial metalcomplexes with Schiff base ligand (E)-4-bromo-2-(((thiophen-

2-ylmethyl)imino)methy)phenol 

 

Abdel-Hameed et.al., were prepared zinc (II) complexes with two Schiff bases 

derived from Ibuprofen hydrazide with bromosalicylaldehyde and 2-hydroxy-1-

naphthaldhyde (Fig. 1.26). Zinc (II) complexes were prepared by reacting hydrated 

zinc nitate with the two ligands in ethanol. The ligands and the complexes were 

examined against two fungi types, C. albicans and A. fumigatus. The results 

showed also the high antifungal activity of the complexes if compared with 

ligands[85]. 
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Figure(1.26)Antifungial Zn(II)complexes with two Schiff bases derived from Ibuprofen 

hydrazide with bromosalicylaldehyde and 2-hydroxy-1-naphthaldhyd 

 

 

1.4.3 Catalysts 
 

The use of Schiff base complexes in different reactions has been investigated 

widely. Such complexes can be used in industry in oxidation reaction, 

hydroxylation, polymerization of alkenes, aldol condensation and epoxidation[86].   

In polymerization of olefins, Schiff base complexes have been used in 

polymerizationre action. For example Co(II) and Fe(II) Schiff base complexes with 

pyridylbis(imide) have been used to produce polyethylene as shown in 

figure(1.27)[7]. 
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Figure(1.27) Co(II) and Fe(II) Schiff base complexes with pyridylbis(imide) 

 

 

Nayak and co-workers have prepared iron(III), cobalt(II) and copper(II)complexes 

with the Schiff base ligand 2‐methoxy‐6‐((quinolin‐8‐ylimino) methyl)phenol 

(Figure.1.28) . These complexes were used as catalysts for the oxidation of alkanes 

and alkenes in the presence of oxygen and H2O2 as oxidizing agent at 50°C . The 

resulted oxidation process compounds are alcohols and ketones[87,88]. 

 

 

 

Figure(1.28)  2‐methoxy‐6‐((quinolin‐8‐ylimino) methyl)phenol ligand used to coordinate 

with iron(III), cobalt(II) and copper(II) . 
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Copper(II) complex with Schiff base  ligand containing N‐substituted 

benzimidazolyl has been used  as catalyst to oxidize 1‐phenylpropyne with the 

presence of an oxidant  in both basic and acidic media as reported by Kumar and 

Mathur( Fig. 1.29). The products of this reaction were diketone, aldehyde and 

benzoic acid[89]. 

 

Figure(1.29) Schiff base ligand containing N‐substituted benzimidazolyl used to form 

copper(II) complex 

On the other hand, Decinti et.al., have reported the use of Cu(II) Schiff base 

complex as a catalyst  for styrene epoxidation with iodosylbenzene[90]. 

Two Mn
2+

 complexes with Schiff bases derived from  1,3-diamino-2-

hydroxypropane andsalicylaldehyde, 2- hydroxynaphthaldehyde or 2-

hydroxyacetophenone were used  in the epoxidation of olefins in the presence of 

idosylbenzene as an oxidizing agent( Fig. 1.30)[91]. 

 

 

 



27 
 

 

Figure(1.30)Mn
2+

 complexes with Schiff bases derived from  1,3-diamino-2-

hydroxypropane and salicylaldehyde, 2- hydroxynaphthaldehyde or 2-

hydroxyacetophenone 

 

The transformation of alcohols to aldehydes was also investigated using Schiff 

base complexes. for example,  Gao and co-workers have used 

dioxomolybdenum(VI) complex to oxidize benzyl alcohol to benzaldehyde in the 

presence of O2  at ordinary pressure at 90°C for 10 h.[88]. 

The reduction of ketones was also reported by using different metal Schiff base 

complexes.  For example, Rh and Ru complexes ((pCymeneRuCl2)2 or 

(Cp*RhCl2)2with L-prolinamide )  have been reported byFaller and Lavoie ( Fig. 

1.31) to reduce aryl ketones to the respective (R)-alcohols[92,93]. 

 

Figure(1.31) Reduce aryl ketones to the respective (R)-alcohols by Rh complexes 
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inAldol reaction of 1,3- dibenzoylmethanes with formaldehyde was carried out 

using tetradentatehydroxycobalt(III) Schiff base complexes under neutral condition 

[94].  

Aluminium(III) Schiff base complexes were used also to catalyse the reaction 

between 5-methoxyoxazoles and benzaldehydes to giveecis-oxazoline adducts 

[95]. 

 

 

1.4.4 Dyes 
 

Schiff base complexes with different metal ions give Schiff bases the good 

advantages to be used in dyes synthesis[96]. These dyes can be classified 

according to their chemical structure or the type of chromophors in its 

structure[97]. Dyes consist of metal complex can be considered as a combination 

of the dyes itself and the metal ion. Where this metal complex is used to improve 

the dye properties. The effectiveness of these dyes can be tested using many 

techniques. 

 

Topalet.al., have reported the use of  2-[(2-hydroxymethylphenylimino) methyl]-5-

bromo-phenol dye to  monitorcarbon dioxide levels[98]. Figure( 1.32)shows the 

structure of this Schiff base. 
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Figure(1.32)2-[(2-hydroxymethylphenylimino)methyl]-5-bromo-phenol dye 

 

Etorkiet.al., have reported the use of two Schiff bases prepared by the reaction 

between  2-aminophenol  and 2-aminobenzyl alcohol with salicylaldehyde.  The 

two reactions were carried out  by refluxing the starting materials in ethanol and 

using ammonium hydroxide as a catalyst. Nickel, chromium , copper….etc. 

complexes with these Schiff bases were prepared. The produced complexes were 

used to dye wool and goat hair[ 96].  

Grabaricet.al., have  also prepared two nickel(II) complexes with two Schiff bases 

and investigated them as dyes. The first Schiff base was prepared by reacting 2-

pyridinecarbaldehyde )and 2-hydroxyaniline, while the second was prepared by 

reacting o-aminophenol and 2-quinolinecarbaldehyde). The nickel(II) complexes 

were prepared by the addition of Ni(I1) acetate tetrahydrate to the ligands in 

methanol at room temperature and for 10 and six h. to give(Ni-PMAP and  (Ni-

QMAP  complexesrespectively (Fig 1.33). The two complexes were applied on 
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Polyamide 66 Fiber and the results showed that(Ni-PMAP) complex showed good 

dyeing properties[99]. 

 

 

 

 

Figure(1.33) Ni-PMAP and  Ni-QMAP  complexes which were used as dyes 
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Aim of work 

 
1- Synthesis of two Schiff base ligands by the reaction between two ketones and 

amine. 

2- Synthesis of these ligands metal complexes with different ions, such as Co(II), 

Ni(II) and Cu(II). 

3- Characterization of all the prepared compounds using various techniques, such 

as 
1
H NMR,  FTIR, Uv.-visible, magnetic susceptibility, molar conductivity and 

thermal analysis. 

4- Study the biological activity of these compounds against the bacteria. 
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2. Experiments and methods 

2.1. Chemicals  

The following chemicals were used to prepare the ligands and their metal 

complexes and their suppliers as listed in the following table(2-1). 

Table (2-1): Chemicals and their suppliers 

Chemicals suppliers Purity 

2-Aminothiophenol Shanghai Macklin 

biochemical 

 

95% 

9,10-phenathrenquinon Shanghai Macklin 

biochemical 

 

95% 

2,5-dihydroxy-1,4-

benzoquinon 

 

Shanghai Macklin 

biochemical 

 

98% 

Absolute Ethanol ECHOCHEM 99% 

HCl Thomas Baker 35%-38% 

H2SO4 Sigma aldrich 95-97% 

NaOH B.D.H 97% 

DCM CHEM-SUPPLY-

PTY.LTD 

98% 

DMSO Thomas Baker 98% 

NiCl2.6H2O C.D.H 98% 

CoCl2.6H2O Merck 99% 

CuCl2.2H2O B.D.H 98% 
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2.2 Apparatuses  

The following apparatuses were used to characterize the prepared ligands 

and their metal complexes: 

2.2.1 UV-Visible spectrophotometer 

The UV-Visible  spectra of the two ligands and their complexes was  

measured using UV-Visible spectrophotometer (UV – 1700) 

manufactured by the Japanese company (Shimadzu)and this 

spectrophotometer is available at the College of science for women / 

University of Babylon. 

2.2.2 FT-IR Spectrophotometer  

The infrared spectra  has been measured to the all prepared compounds 

by using FT-IR – 8400S in the range ( 4000-400) cm
-1

 using KBr disc. 

Also this device has been supplied by Shimadzu companyand it is also 

available at the College of sciencefor women / University of Babylon. 

2.2.3
1
H-NMR Spectroscopy 

The spectra of nuclear magnetic resonance has been measured for the 

prepared ligands by using  NMRInnova 5 Concole with an oxford 500, , 

Magnet device using  DMSO as a solvent. In Iran 

 

2.2.4Melting point apparatus  

The melting points of all prepared compounds were measured by the 

melting point / SMP30 Stuart apparatus . University of Babylon 
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2.2.5  Balance magnetic susceptibility apparatus 

The magnetic susceptibility for the metal complexes was measured using 

Auto Balance Magnetic Susceptibility Balance Sherwood Scientificatthe 

College of Sciences / Al-Mustansiriyah University . 

 

2.2.6 Conductivity meter 

The molar conductivity of the complexes was measured at the University 

of Babylon, College of science for women  using conductivity device 

WTW SERIES, cond 722. 

2.2.7 Thermal analysis  

Thermal analysis for all compounds was measured by differential thermal 

gravimeter ( DTG-160-FC-60A) at the University of Babylon, College of 

science for women . 
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2.3 Syntheses of Ligands 

2.3.1 Synthesis of Schiffbase ligand (L1) 

         9,10-phenathrenquinon (1g, 4.803 mmol ) was dissolved in absolute 

ethanol (20 ml).2-aminothiopenol(1.20gm, 9.61 mmol) and three drops of 

hydrochloric acid were added to 9,10-phenathrenquinon solution. The 

reaction mixture was refluxed for 4 hours. A green precipitate of L1 was 

collected by filtration, washed with water and recrystallized from ethanol. 

 

2.3.2 Synthesis of Schiff base ligand (L2) 

2,5-dihydroxy-1,4-benzoquinon (1g, 7.138mmol) in ethanol (20ml) was 

mixed with 2-Aminothiopenol (1.773g, 14.277mmol ).The mixture was 

refluxed for six hours.The brown precipitate of L2 was filtrated, washed 

with water  and recrystallized from ethanol. 

 

2.4 Synthesis of  L1 metal complexes  

2.4.1 Synthesis  of cobalt (II), nickel (II) and copper(II)  

complexes  

All metal complexes were prepared by dissolving L1 (0.4gm, 0.95mmol)) 

in 20ml ethanol and mixing it with CoCl2.6H2O, NiCl2.6H2O and 

CuCl2.2H2O in( 1:1) ligand: metal ratio. The mixture was refluxed for (6) 

hours. Blue complexes were formed which were filtered , washed with 

water and ethanol. Table (2-2) illustrates the used amounts of L1 and the 

metal chloride salts.table(2-2) 
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Table (2-2) Summarizes the amount used of L1 and the metal salts to 

prepare the metal complexes 

Complexes Weight of metal salt Weight of ligand 

 

[Co(L1)]Cl2.3H2O 0.2252gm,0.95mmol 

 

0.4gm, 0.95mmol 

[Ni(L1)]Cl2.3H2O 0.225gm, 0.95mmol 

 

0.4gm, 0.95mmol 

[Cu(L1)] Cl2.2H2O 

 

0.1614gm, 0.95mmol 0.4gm, 0.95mmol 

 

 

 

2.5 Synthesis of  L2 metal complexes  

2.5.1 Synthesis  of cobalt (II) , nickel and copper complexes

  

The metal complexes with L2 were synthesized by reacting (0.4g, 

1.13mmol) of L2 with CoCl2.6H2O, NiCl2.6H2Oin 1:2 ligand: metal ratio 

in (20ml) of ethanol in the presence of NaOH (3.75 M, 1ml). The reaction 

mixture was refluxed for six hours  until a dark brown  precipitate of 

these complexes was formed. These complexes  were filtered , washed 

with water and ethanol. Table (2-3) shows the amounts used of L2 and 

the metal chloride salts.  

Table (2-3) Summarizes the amount used of L2 and the metal salts to 

prepare its complexes 

Complexes Weight of metal salt Weight of ligand 

 

[Co2(L2)] Cl2.3H2O 0.5371gm,2.261mmol 

 

0.4gm,1.13mmol 

[Ni2(L2) Cl2].4H2O 0.5365gm,2.261mmol 

 

0.4gm,1.13mmol 
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2.6Biological activity 

The biological activity of the prepared ligands and their metal complexes 

has been investigated. Two types of bacteria (Escherichia coli and 

Staphylococcus aureus) as an example of gram negative and gram 

positive bacteria respectively have been isolated and diagnosed using 

biochemical and microscopic tests. 

 

 

2.6.1 Preparation of the culture medium 

All the prepared compounds  have been used with the weigh(0.006 g ) 

and  dissolved in 10 ml of DMSO. The two bacteria types were cultured 

on the plates, each type in a separate  plate. Samples were taken from 

each ligand and its complexes and placed inside the plates cultured with 

bacteria with numbering for each complex. It was left for 48 hours and 

then results were read. 
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3.1 Synthesis of Schiff Base ligands L1 and L2 
 

  

The synthesis of Schiff base ligands L1 and L2 was carried out by reacting 

commercially available ketones, namely  9,10-phenanthrenequinone and 2,5-

dihydroxy-1,4-benzoquinon with 2-aminothiopenol respectively. The two reactions 

involved the addition of hydrochloric acid and sulphuric acid to the mixture 

between the amine and the ketones to produce a green precipitate of L1 and a 

brown precipitate of L2 . 

The two used acids efficiently catalysed the reaction of both ketones with 2-

aminothiophenol where the latest acts as a nucleophile attacking the electrophiles 

9,10-phenanthrenequinone and 2,5-dihydroxy-1,4-benzoquinon, resulting in the 

formation of the Schiff base (L1) and L2 and release of water molecule. 

The mechanism of the reaction begins with the protonation process to an oxygen 

atom in the carbonyl group, resulting in the hydroxyl group and the carbonium ion 

(electrophile). Due to the low steric hindrance effect in the synthesis of the 

intermediate compound (I), the attack of nucleophile (represented by the primary 

amine group in the 2-Aminothiophenol molecule) favours this geometry of 

intermediate compound (I) to attack it more than the 9,10-phenanthrenequinone 

molecule. The protonation process caused by the addition of excessive amounts of 

hydrochloric acid releases the water molecules from the intermediate compound 

(II)[110-101]. The final process is the deprotonation of amine protons to form an 

imine group (N=C) and give the target compound its final structure of a Schiff base 

(L1)based on the following mechanism (scheme 3.1).  
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Scheme 3.1   Possible mechanism for the synthesis of both Schiff base ligands 
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3.2 Synthesis of metal complexes 

3.2.2 Synthesis of cobalt (II), nickel(II) and copper (II) complexes 

with L1  

Metal complexes were produced by reacting L1 with Co(II), Ni(II) and Cu(II) 

chloride salts in 1:1 metal: ligand molar ratio. Scheme 3.2 shows the metal 

complexes synthesis with L1. 

 

Scheme 3.2 shows the metal complexes synthesis with L1 
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In detail, Schiff base ligand ( L1)is reacting with these metal salts through the 

imine and the thiol groups and forming four coordination bonds with these four 

chelate sites. The nitrogen of the imine group and sulfur atom of the thiolgroup 

attackthe metal ion and form strong covalent-coordination bonds. It is worth 

mentioning that the thiol groups in both ligands are converted to the thione group 

according to the keto-enol tautomerism as shown in figure (3.1). 

 

 

Figure (3.1) keto-enoltautomerism for L1 ligand 

 

3.2.3 Synthesis cobalt (II) and nickel(II) complexes with L2 

By reacting second Schiff base ligand (L2) with metal chloride salts, the equivalent 

ratio was 1:2 for L:M respectively in the presence of sodium hydroxide.The 

synthesis reaction of metal-L2 complexes is depicted in Scheme 3.3. The metal-L2 

complexes are bound to the ligand by three bonds, two of which are coordination 

bonds with imine group nitrogen atom and sulfur atoms of the thione group. Where 

the thiol group is also converted to the thione group in L2 as shownin figure 

(3.2),while the third is acovalent bond with the deprotonated hydroxyl group. In 
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this ligand synthesis procedure sodium hydroxide was used to ensure the 

deprotonation of the hydroxyl group in the ligand structure and finally offer a third 

coordination site in the ligand structure. 

 

 

Figure (3.2) keto-enoltautomerism for L2 ligand 

 

Metal-L1 and metal-L2 complexes are prepared in the same way, but the reaction 

time is different, taking four hours for metal-L1 complexes and six hours for 

metal-L2 complexes. This difference is due to the fact that the L2 ligand has two 

triple chelating sites and has a higher steric hindrance than the L1 ligand.  
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Scheme 3.3Synthesis of metal-L2 complexes 

 

All the synthesised compounds are insoluble in water and soluble in most organic 

solvents. Ligands and their complexes synthesis was confirmed by using methods 

of analysis such as
1
HNMR, FTIR and UV-Vis spectroscopies and thermalanalysis. 
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Table (3-1) Some  physical properties of the prepared  ligands and their metal complexes 

 

Compound Color m.p °C Yield 

% 

M.Wt 

g/mol 

Ligand (L1)  Green 210-212 49 422.56 

[Co(L1)]Cl2.3H2O Blue >350 78 606.44 

[Ni(L1)]Cl2.3H2O Blue >350 67 606.20 

[Cu(L1)]Cl2.2H2O Blue >350 54 593.04 

Ligand (L2) Brown 96-98 67 354.44 

[Co2(L2)Cl2].3H2O Brown 236-238 80 594.22 

[Ni2(L2)Cl2].4H2O Brown >350 78 612.77 

 

 

3.3 1H  NMR spectroscopy 

1
H NMR spectroscopy was used to determine the presence of protons in the two 

Schiff base ligands using DMSO-d6  as a solvent which can be detected at δ 2.50 

ppm signal. This spectrum shows signals in the range δ 6.5-9 ppm which are 

related to the aromatic protons. And signal between δ 3-4 ppm which was 

identified to S-H bond in the ligand structure as shown in figure (3.3)[102-103].  

 

signals are in the 
1
H NMR spectrum for the L2 have been identified. The proton 

signals for each  -SH, -OH groups appeared at δ 3.4/9.5 ppm respectively, where–

OH signals observed as a broad peak. While multiple signals in the range δ 7-9 

ppm are related to the aromatic protons as shown in figure (3.4).  
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Figure  (3.3 )
1
H NMR for L1 

 

Figure  (3.4)
1
H NMR for L2 

 

0.0 0.5 1.0 1.5 2.0 2.5 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 
ppm 



 

46 
 

3.4 FT-IR Spectroscopy 

The chemical structure of the ligands and their metal complexes have been 

identified by determination the presence of functional groups such as C=N, S-H, 

O-H, using Fourier transform infrared spectroscopy analysis and vibration modes 

in the specified compound.  

 

3.4.1  FT-IR Spectra of L1 and its metal complexes  

The FT-IR spectra of Schiff base ligand (L1) (Fig.3.5) shows a new band at 1610 

cm
-1

 which is assigned to imino group (C=N) with the absence of an adsorption 

band of the NH2- in the free 2-aminothiopenol at 3446-3356 cm
-1

and the absence 

of υ (C=O) group in 9,10-phenathrenquinon adsorption band which appears at 

1674cm
-1.

 

The characteristic υ (S–H) vibration frequency in 2-Aminothiophenol which 

appears at 2522 cm
−1

 as a single band was also disappeared upon the ligand 

formation which suggests its conversion to the thione form (C=S) which appears at 

1325cm
-1

[104].  

These two bands (C=N) and (C=S) were changed when the metal complexes are 

formed as shown in figures( 3.6-3.8). The υ (C=N) frequency in all metal 

complexes was shifted to 1608 cm
-1

 which suggests the metal coordination with L1 

through the lone pair of nitrogen of imino group[105]. While the υ (C=S) was 

shifted to 1338 cm
-1

 in Co
2+

, Cu
2+

 complexes and to 1336 cm
-1

 in Ni
2+

 complex 

which suggests the metal coordination with the ligand through the second 

coordination site (the thione group)[106].  
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New bands appear at 400-600 cm
−1

  refer to υ (M-N) and υ (M-S) bonds. While a 

broad band at 3200-3600 cm
−1

 suggests the presence of hydrated water molecules 

outer the coordination sphere. [107-108].Figures illustrate the FT-IR spectra of 

Schiff base ligand (L1) and its Co(II), Ni(II) and Cu(II) complexes 

Table (3-2) gives a summary of the characteristic bands in the FTIR spectrum of 

L1  and how they were shifted upon complexes formation.  

 

Table (3-2)  FT-IR data in cm
-1

of L1 and its complexes 

 

Compound  H2O  C=N C=S M-N M-S 

L1 ---- 1604 1325    ---- ---- 

[Co(L1)]Cl2.3H2O     3200-3600                   1608 1338 549   480 

[Ni(L1)]Cl2.3H2O 3200-3600                   1610 1336 559 472 

[Cu(L1)]Cl2.2H2O 3200-3600                   1618 1338 507              451 
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Figure ( 3.5) FT-IR spectrum of L1  Schiff base ligand 

 

 

 

Figure ( 3.6) FT-IR spectrum of  Co-L1  complex 
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Figure ( 3.7) FT-IR spectrum of  Ni-L1  complex 

 

 

Figure ( 3.8) FT-IR spectrum of  Cu-L1  complexes 
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3.4.2  FT-IR Spectra of L2 and its metal complexes  

The FT-IR spectra of L2 (Fig.3.9) also shows the characteristic imine group band 

which is seen around 1558 cm
-1

. The formation of this band was supported with the 

absence of both adsorption bands of the amino group in 2-aminothiophenol and the 

carbonyl group in 2,5-dihydroxy-1,4-benzoquinon which is found at 1647 cm
-1

. 

v(S–H) vibration frequency which should appear as a single band at 2528 cm
−1

 is 

also disappeared in L2 FT-IR spectra, which suggests its conversion to the thione 

group.While the v(O-H) frequency is seen around 3358 cm
-1

 as a single band in L2 

spectra.  

Upon complexation these characteristic bands are changed and shifted(Fig 3.10 

and 3.11). For example, the imine group frequency is shifted to a lower wavelength 

(from 1588 cm
-1

 in the free ligand to 1579 cm
-1

)in both [Co2(L2)Cl2].3H2O and 

[Ni2 (L2)Cl2].4H2O complexes which confirms the metal coordination with L2 

through the imine group .  

The thione groups frequencies were also shifted upon the metal coordination. It 

appeared at 1230 cm
-1

 in L2 spectra and shifted to 1224 cm
-1

 and 1226 cm
-1

 in 

[Co2(L2)Cl2].3H2O and [Ni2 (L2)Cl2].4H2O respectively[109]. 

 

While the hydroxyl group is deprotonated and coordinates with the metal ions 

through the oxygen atom to form (M-O) bonds which appears at 688 cm
-1

  and 659 

cm
-1

 in [Co2(L2)Cl2].3H2O and [Ni2 (L2)Cl2].4H2O respectively[110-111].  

 

An extra new bands in the metal complexes FT-IR spectra also appeared between 

400-600cm
–1

 which are attributed to the v(M–N) and v(M–S). In 

[Co2(L2)Cl2].3H2O complex both bands appear at 669 cm
-1

 and 457 cm
-1
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respectively. While the two bands appear at 586 cm
-1

 and 493 cm
-1

 respectively in 

[Ni2 (L2)Cl2].4H2O  complex[112].  

 

In addition, the appearance of new bands at a lower frequency at a range of 3300 

cm
–1

and 3400 in complexes may be assigned to the presence of water molecules in 

the complexes chemical structure[113]. Table (3-3) shows all the mentioned above 

bands and the shift in them. 

 

 
Table (3-3)  FT-IR data in cm

-1
of L2 and its complexes 

Symbol of  -OH H2O C=N C=S M-

O 

M-N M-S 

L2 3358 ---- 1558 1230 ---- ---- ---- 

[Co2(L2)Cl2].3H2O  --- 3200-

3600                   

1588 1224 688 669 457 

[Ni2 (L2)Cl2].4H2O --- 3200-

3600                   

1579 1226 659 586 493 
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 (Fig.3.9) FT-IR spectrum of L2 Schiff base ligand 
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Figure ( 3.10) FT-IR spectrum of  Co-L2  complex 

 

 

Figure ( 3.11) FT-IR spectrum of  Ni-L2  complex 
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3.5UV-Visible Electronic Spectra 

3.5.1 UV-Visible electronic spectra of L1 and Co(II), Ni(II) and 

Cu(II) complexes 

UV-Vis absorption spectra (Fig.3.12) of L1 ligand and its metal complexes has 

been recorded in DCM solution as a solvent and at room temperature.Table(3-4) 

gives a summery for electronic transitions in L1 and its complexes.  

The L1 spectra shows electronic transitions in the range 227-392nm and electronic 

transitions in the range 598-788nm  which are related to π-π∗and n-π∗transitions 

respectively. The three metal complexes with L1 (Co (II), Ni(II) and Cu (II)UV-

Visible spectra are either blue or red shifted which confirm the complexes 

formation.  

In Co (II) complex the absorption spectraum shows a peak at 360nm which is 

related to INCT ( intraligand charge transfer). While the  four bands at (560, 602, 

702 and 779)  are related to the charge transfer and 
2
A1g → 

2
B1gand Eg→ 

2
 A 

1gtransitions in a complex with a square planar geometry [114-116].  

 

The absorption spectra of the nickel(II) complex shows also four bands. Two bands 

at 559 and 601 nm  which are related to the 
1
A1g → 

1
B1g and 

1
A1g → 

1
 A2g 

transitions. These transitions are characteristic for Ni 
2+

 in square planar 

environment. While peaks at  high energy (299 and 359) are related to INCT [117]. 

 

In addition, the absorption spectrum of the copper(II) complex also exhibits four 

bands. Two bands at (551 and 594) nm  which are assigned to the 
2
B1g→

2
B2g and 
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2
B1g→

2
Eg transitions which are related to  square planar Cu

2+
 complexes. While 

peaks at 293 and 308 are related to INCT [118]. 

 

 
Figure (3.12)  UV. visible spectra of  L1, Co (II),  Ni (II) and Cu (II) complexes 
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Table (3-4) Electronic transitions with their wavelengths of L1, Co(II), Ni(II)  and Cu(II) 

complexes 

 

 

compound λ max( nm)     Type of Transition 

 

 

 

Ligand (L1) 

 

 

227,250,314,392 

598,650,712, 788 

π →π*             n→π* 

[Co(L1)]Cl2.3H2O 360 

560,602 

702, 779 

 

INCT 

Charge transfer 

 
2
A1g → 

2
B1g 

 Eg→ 
2
 A 1g 

 

[Ni(L1)]Cl2.3H2O 299, 359 

559, 601 

INCT
 

2
A1g → 

2
B1g 

1
A1g→ 

1
 A2g 

 

[Cu(L1)]Cl2.2H2O 293, 308 

559, 601  

INCT 
2
B1g → 

1
B1g 

2
B1g → 

2
 Eg 
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3.5.2 UV-Visible electronic spectra of L2 and its Co(II) and Ni(II) 

complexes 

The UV-Visible Electronic Spectra of L2 (Fig. 3.13) also shows peaks in the 

ultraviolet and the visible region which are assigned to π-π∗and n-π∗transitions 

respectively. In L2 electronic spectra, peaks appear at 259 and 326nm are related to 

π-π∗transitions, while peaks at 419 and 461nm are related to n-π∗transitions. 

These peaks are also shifted when the Co(II) and Ni(II) complexes are formed ( 

Fig. 3.13). For example, Co(II) complex with L2 shows five bands one at 311nm 

which is INCT band type. While the other four ones appear at (476, 499, 540 and 

659)nm. The first one is assigned to charge transfer, while the other represent 

4
A2→

4
T2, 

4
A2→

4
T1(P) and 

4
A2→

4
T1(F) respectively in the tetrahedral Co(II) 

complexes[119]. 

In Ni(II) complex electronic spectra there is also a band at 320nm which is INCT 

peak and peaks at( 480,506,543 and 667)nm. The first band is related to charge 

transfer,
3
T1→

3
T2, 

3
T1→

3
A2and 

3
T1→

3
T1(P) respectively in the tetrahedral Ni(II) 

complexes[120].Table (3-5)gives a summary of  these described above electronic 

transitions. 
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Figure (3.13)  UV. visible spectra of  L2, Co (II) and  Ni (II) complexes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.4

0.8

1.2

1.6

2

220 420 620

[Co(L2)]Cl2.3H2O

[Ni(L2)]Cl2.4H2O

L2



 

59 
 

Table (3-5) Electronic transitions with their wavelengths of the L2 and its 

Co(II) and Ni(II)  complexes 

 

 

 

 

 

Compound λ max( nm)     Type of Transition 

 

 

 

Ligand (L2)        259, 326 

419, 461 

 

π →π*  

n→π*                                   

[Co2(L2)]Cl2.3H2O 311 

476 

499 

540 

659 

INCT 

Charge transfer   

 
4
 A2→

4
T2 

4
 A2→

4
T1(F) 

4
 A2→

4
T1(P) 

 

[Ni2(L2)]Cl2.3H2O 320 

 

480 

506 

543  

667 

 

INCT
 

Charge transfer 

 

 
3
T1→

3
T2

 

3
T1→

3
A2

 

3
T1→

3
T1(P)  
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3.6 Molar conductivity measurements 

The ionic formulas of  compound in solution  can be investigated using the molar 

conductivity measurements. This kind of measurements can be considered as an 

useful tool in coordination chemistry to know the ionic nature of compounds in 

solution. Where these compounds are found in solution either as neutral or ionic. 

The more ions released in solution, the greater conductivity values give[121].    

In such measurements water is not using as a solvent to measure the molar 

conductivity for compounds. Due to low solubility of these compounds in it, while 

organic solvents such as ethanol, nitromethane and methyl cyanide are often used 

as solvent for this purpose. Due to their high electrical constant and a low 

viscosity[122]. Table (3-6) shows molar conductivity of different electrolytes in 

different solvents.  

Table (3-6) Molar conductivity values of electrolytes at (1*10
-3

 ) M in different 

solvents 

 

Electrolyte type non 

electrolyte 
solvent 

4:1 3:1 2:1 1:1 

480 360 240 120 0 water 

160 120 70 – 90 35 – 45 0 – 20 Ethanol 

290 – 330 220 –260 150 – 180 75 – 95 0 – 20 nitromethane 

500 340 – 420 220 – 300 
120 – 

160 
0 – 30 methyl cyanide 

300 220 – 240 130 – 170 65 – 90 0 – 30 
Dimethylformam

ide 

------- -------- 70 – 80 30 – 40 0 – 20 
Dimethyl 

sulfoxide 
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As it is shown in table (3-7)  the conductivity of  all the prepared complexes with 

the concentration 1x10
-3

 M was recorded in DMSO as a solvent. It's obvious from 

the conductance measurements for [Co(L1)]Cl2.3H2O, [Ni(L1)]Cl2.3H2O 

and[Cu(L1)]Cl2.2H2O are in range (70-80)Ohm
-1

 cm
2
 mol

-1
 which indicate that all 

three complexes are electrolytes and the complexes are considered to be 1:2  in 

DMSO electrolyte type 

While the conductivity values for [Co2(L2)Cl2].3H2O and [Ni2(L2)Cl2].4H2O in the 

same solvent are suggested the non-electrolyte nature of both complexes. 

 

 

Table (3-7): The values of molar conductivity of complexes at ( 1*10
-3

) M in 

DMSO 

Molecularformula of 

complexes 

Molar conductivity (Ohm
-1

.mol
-1

.cm
-1 

) of 

metal complexes at ( 1X10
-3

) M in DMSO 

 

[Co(L1)]Cl2.3H2O 79 

[Ni(L1)]Cl2.3H2O 79 

[Cu(L1)]Cl2.2H2O 78 

[Co2(L2)Cl2].3H2O 29 

[Ni2(L2)Cl2].4H2O 29 
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3.7 Magnetic Susceptibility 

This technique is usually used to detect the presence of single electrons in metal 

complexes. This technique also helps to suggest the hybridization of the central 

ions in their complexes, their magnetic properties if they are paramagnetic or 

diamagnetic and finally the structure of the metal complexes[123-124].  

The calculated magnetic susceptibility of the prepared metal complexes was 

measured at (298 °K) using the following equations . 

μeff=2.828  √ XAT   B.M         

XA=XM-D    

XM=Xg× M.wt 

Xg= CL/109m x (R-RO) 

They represent: 

T = absolute temperature = 289K 

XA = atomic sensitivity. 

XM = molar sensitivity. 

Xg = Gram's (weight) sensitivity. 

D = diamagnetic correction factor. 

μeff = effective magnetic moment. 

wt. M = gram molecular weight. 

M.B = unit of magnetic moment (boermagnetone). 

C=1.53 

L=1 cm 

R = sensitivity of the tube to the substance 

RO = sensitivity of the empty tube 

m = weight of the model = weight of tube with material - weight of tube empty. 
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Based on the obtained results of magnetic susceptibility measurement, it was found 

that the [Co(L1)]Cl2. 3H2O and [Cu (L1)]Cl2. 2H2O are paramagnetic, while [Ni 

(L1)]Cl2. 3H2O is diamagnetic and all adopt the square planar geometry. While, 

[Co2(L2)Cl2].3H2O and [Ni2(L2)Cl2].4H2O complexes are paramagnetic and the 

complexes have the tetrahedral shape[125]. The results magnetic susceptibility 

measurement, magnetic properties and the suggested structure for L2-metal 

complexes are listed in the table (3-8 ). 

 

Table (3-8) Magnetic measurements, magnetic properties and the proposed 

complexes structure  

Compounds μeff 

(B.M) 

Magnetic 

properties 

Suggested 

structure 

[Co(L1)] Cl2. 3H2O 1.51 Paramagnetic Square 

planar 

[Ni(L1)] Cl2. 3H2O 0.0 Diamagnetic Square 

planar 

[Cu(L1)]Cl2. 2H2O  1.48 Paramagnetic Square 

planar 

[Ni2(L2)Cl2].4H2O 2.051 Paramagnetic Tetrahedral 

[Co2(L2)Cl2].3H2O 2.051 Paramagnetic Tetrahedral 

 

 

 

2.7.1 [Co(L1)2]Cl2.3H2O and [Co(L2)Cl2].3H2O complexes 

The first Co
2+

 complex with L1 ligand gives a magnetic susceptibility value equal 

to 1.51 BM. This value agrees with the low spin   electronic configuration for Co
2+
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in [Co(L1)] Cl2.3H2O complex. In addition, this μeff  value suggested the presence 

of one unpaired electron. The hybridization for Co
2+

 in [Co(L1)]Cl2.3H2O will be 

dsp
2 

and finally the complex structure is suggested to be square planar.  On the 

other hand, the complex [Co(L2)Cl2].3H2O gives a μeff= 2. 1 BM which indicates 

the paramagnetic nature of this complex also and this value agrees with the high 

spin tetrahedral   for Co
2+

 [12 6].  

 

 

2.7.2[Ni(L1)] Cl2.3H2O and [Ni(L2)Cl2].2H2Ocofo Co
2+

and the presence 

of one unpaired elecmplexes 

The magnetic susceptibility measurement  for Ni
2+

 in [Ni(L1)]Cl2.3H2O suggests 

the low spin electronic configuration for Ni
2+

 where both electrons are paired. As a 

result  the complex is diamagnetic with μeff= 0. 0 BM and the nickel central ion 

adopts the dsp
2
 hybridization and the complex structure suggests to be square 

planar. While for [Ni2(L2)Cl2].4H2O the magnetic susceptibility measurements 

shows its paramagnetic with μeff= 2.1 B.M for which suggested the high spin   

electronic configuration for Ni
2+

 in [Ni2(L2)Cl2].4H2O complex and the complex 

structure is tetrahedral [127-128]. 

 

2.7.3[Cu(L1)] Cl2.2H2O 

This complex also gives a magnetic susceptibility value equal to 1.48 BM which 

agrees with the presence of one single electron and this is correct for Cu
2+

 [129]. 

This value reflects the paramegnetism of Cu
2+

 and the suggested complex structure 

is also square planar.     

 



 

65 
 

 

3.8Thermal analysis 

3.8.1  Thermal analysis for L1 and its complexes 

The thermal analysis was carried out under air atmosphere  with a temperature 

range 0-700°C.and 0-800 Figure (3.14) shows the TG curves for the ligand and the 

metal complexes. And table (3-9) gives a summary for the decomposition 

temperature range and the mass loss from all the studied compounds. In Figure 

(3.14) the early stage of ligand decomposition shows the loss of moisture and the 

other volatile species in the temperature range 43-170°C and 170-305°C. While the 

other two decomposition steps show the loss of some of the ligand moiety, which 

are the thione groups, nitrogen of imine group and two benzene rings. 

  

In Co (II) complex the TG curve shows the loss of one lattice water molecule in 

the temperature range 64-198°C with a mass loss of 2.890%. The other two lattice 

water molecules and the two chloride ions from the outer sphere were lost in  the 

temperature range 198-333  °C  and 333-502 °C with a mass loss of  6.313% and 

11.762% respectively. The final decomposition step leads to more of  Co (II) 

complex decomposition when the temperature is between 502°C  and 639°C and 

this shows the loss of some of the organic ligand molecule with a mass loss of  

40.114%. While the thermal decomposition for Ni (II)complex shows also the loss 

of one lattice water molecule in the temperature range 60-269°C with a mass loss 

of 2.551%. And two water molecules in the range 269-410 °C with a mass lose 

5.096%. Both chloride ions are lost at 410-544  with a mass loss of 11.828  %. The 

final decomposition step in Ni (II)complex involves the loss of thione groups, 

nitrogen of imine groups and two phenyl groups at 544-633°Cwith a mass loss of 
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37.464 %. The thermal decomposition of [Cu(L1)]Cl2.2H2O can be explained in 

the same way and is summarized in table(3-9) . 

 

 

 

 

Figure (3.14)  TG curves for  L1 , [Co(L1)] Cl2. 3H2O, [Ni(L1)] Cl2. 3H2O and 

[Cu(L1)]Cl2.2H2O complexes 
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Table(3-9) Thermal decomposition data for L1, [Co(L1)] Cl2. 3H2O, [Ni(L1)] 

Cl2. 3H2O and [Cu(L1)]Cl2. 2H2O 

Compound                    Steps of 

Degradation              

Decomposition 

Temperature   

° C    

      Mass 

Loss%         

Type of  Lost 

Species 

 

 

Ligand (L1)            1 

2 

3 

4 

43-170       

170-305   

305-506  

506-771      

 

2.332                      

5.664 

15.116 

42.300    

Moisture 

CN 

-2S 

-N , -2( C6H6) 

 

[Co(L1)]Cl2.3H2O 

 

 

 

1 

2 

3 

4 

     64-198 

 

    198-333 

 

    333-502 

 

 

    502-639   

2.890 

        

6.313 

    

11.762 

   

40.114    

-H2O 

 

-2H2O 

 

-2Cl
-
 

 

-2( C6H5S + 

N) 

 

[Ni(L1)]Cl2.3H2O 1 

2 

3 

 

4 

60-269 

 

269-410 

 

410-544 

 

544-633 

 2.551      

                               

5.096                     

                               

11.828              

                               

37.464           

-H2O 

 

-2H2O 

 

-2Cl
-
 

 

- 2( C6H5S + 

N) 
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[Cu(L1)]Cl2.2H2O 1 

2 

3 

 

  38-178      

 

 178-376           

                               

376-526        

2.105   

 

52  

 

39    

-H2O 

 

-H2O,- 2Cl
-
, - 

2 (C6H5S) 

- (C14H8N2 ) 

 

 

3.8.2  Thermal analysis for L2 and its complexes 

The thermal analysis was also carried out under air  with a temperature range 0-

800°C. Figure (3.15) shows the TG curves for the ligand and the two metal 

complexes. And table (3-10) gives a summary for the decomposition temperature 

range and the  mass lose for L2 and its metal complexes. In this figure the first 

stage of L2 decomposition process shows the loss of moisture and the other 

volatile species in the temperature range 44-160°C with a mass loss of 1.161% 

mass loss  of 18.104% and 55.895% respectively 

The other two decomposition steps indicate the loss of some of the ligand 

molecule. In Co (II) complex the TG curve shows the loss of one lattice water 

molecule in the temperature range 45-118°C with a mass loss of  2.841 %. The 

other two lattice water molecules, two chloride ions  and some of the ligand 

fragment were lost in  the temperature range 118-368 °C  and 368-494 °C  with a 

mass loss of  27.048     % and 33.012      % respectively  

 

In Ni(II) complex the TG curve shows also the loss of one lattice water molecule in 

the temperature range 44-243°C with a mass loss of  3.033 %. The rest three water 

molecules,  two chloride ions and some of the ligand fragment were lost in  the 

temperature range 243-344°C and 344-483°C with a mass loss of  30.966% and 

31.304%. 
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Figure (3.15)  TG curves for  L2 , [Co2(L2)] Cl2. 3H2O and  [Ni2(L2)] Cl2. 3H2Ocomplexes 
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Table(3-10) Thermal decomposition data for L2 , [Co2(L2)] Cl2. 3H2O and  

[Ni2(L2)] Cl2. 3H2Ocomplexes 

 

Compound                    Steps of 

Degradation              

Decomposition 

Temperature   

° C 

      Mass 

Loss%         

Type of Lost 

Species 

 

 

Ligand (L2)            1 

2 

3 

44-160 

160-379 

379 -520 

1.161 

18.104 

55.895 

Moisture 

-2S 

-(C12H10NO2) 

[Co2(L2)]Cl2.3H2O 

 

 

 

1 

2 

3 

45-118 

 

118-368 

368-494 

 

 

2.841 

 

27.048 

33.012 

 

 

-H2O 

 

-2H2O + 2Cl
-
+ 

-2S 

-(C12H10NO2) 

 

 

[Ni2(L2)]Cl2.4H2O 1 

2 

3 

44-243 

 

243-344 

 

344-483 

 

 

3.033 

 

30.966 

 

31.304 

-H2O 

 

-3H2O + 2Cl
-
+ 

-2S 

-(C12H10NO2) 
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3.9. Suggested structures for metal complexes 

According to the available and mentioned data in this work, it is obvious that L1 

behave as tetea dentate ligand coordinates with the studied metal ions through the 

free lone pairs of electrons in both isomethine and thione groups. This ligand  

binds with the metal ion in the molar ratio 1:1 metal: ligand. While, the chloride 

counter ions are found outer the coordination sphere as this was confirmed by the 

mentioned previously conductivity results. Therefore, metal complexes with L1 are 

electrolytes.and their structre with L1suggested to be square planar While Co(II) 

and Ni(II) metal complexes coordinate with L2 in 1:2 L:M molar ratio through 

three binding sites, namely imine, thione  and the deprotonated hydroxyl groups. 

The chloride ions are available inside the coordination sphere and this was also 

confirmed by the conductivity results. The complexes structure with L2 is 

suggested to be tetrahedral. Figure (3.16) shows the general formula of metal 

complexes with L1 and L2. 

 

 

 

 

 

 

 

 

 

M= Co
2+

, Ni
2+

 and Cu
2+

M= Co
2+

andNi
2+

 

 Figure (3.16) General structure of metal complexes with L1 and L2 
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3.10. Biological activity study 

 

The resistance to different types of bacteriahave developed concern about the drug 

activity against such microorganisms. This resistance include the resistance against 

gram Negative Bacteria[130] .  

In this work  the biological activity of the two Schiff base ligands (L1, L2) and 

their metal complexes  with Co
2+

, Ni
2+

 and Cu
2+ 

have been tested against two kinds 

of bacteria, namely Escherichia coli and Staphylococcus aureus. As examples of 

gram negative and gram positive bacteria respectively. The drilling method (wells) 

was used for this purpose. By making two holes and then measuring the diameter 

by a ruler. When the bacterial grows this appears  in the middle of the (Mueller-

Hinton ager). The inhibition zone is shown in table( 3-11) and  figure (3.17). 

It is clear that  some of the prepared metal complexes effect both kinds of bacteria 

when compared with the L1 and L2.As shown figure (3.17) the metal 

complexes[Co(L1)] Cl2. 3H2O[Ni(L1)] Cl2. 3H2O and [Cu(L1)]Cl2.2H2O have an 

effect against the two bacteria. While the rest complexes gave negative results 

indicating that the bacteria have overcome the complexes. The positive results of 

some complexes can be explained according to the  chelation theory. In this theory,  

the polarity of the metal ion is reduced due to the chelation by the partial sharing of 

the metal positive charge with donor groups within the chelate ring.  As a result the 

lipophilic nature of the central metal atom will be increase and finally it can 

penetrate the lipoid layer of the bacterial membrane and inhibit growth of 

organisms[131-132]. 
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Figure.(3.17) .Coliand Staphylococcus aureus effect on the L1and L2 
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Figure(3.17) E.Coliand Staphylococcus aureus effect on the prepared 

compounds 
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Table (3-11):Inhibition effect of Schiff base ligands and their complexes on 

E.Coliand Staphylococcus aureus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound  E.Coli S.aureus 

L1 -- -- 

[Co(L1)] Cl2. 3H2O + + 

[Ni(L1)] Cl2. 3H2O + + 

[Cu(L1)]Cl2.2H2O   + + 

L2 -- -- 

Co2(L2)] Cl2. 3H2O -- -- 

[Ni2(L2)] Cl2. 3H2O -- -- 
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3.11. Conclusions: 

1-The Schiff base ligands were prepared by the condensation methods between two 

ketones and amine(9,10-phenanthrenequinone and 2,5-dihydroxy-1,4-benzoquinon 

with 2-aminothiophenol )in 1:2 molar ratio ketones: amine respectively. 

2-The structure of both ligands was confirmed by
1
HNMR and infrared 

spectroscopy. 

3-Co(II), Ni(II) and Cu(II) complexes were prepared with L1 and Co(II) and Ni(II) 

complexes were prepared with L2.  

4-By the obtained results the ratio between the metals and L1 was suggested to be 

(1:1) M:L1 and 2:1M:L2 molar ratio. 

5- The conductivity values show the electrolytic nature for metal complexes with 

L1. While for metal complexes with L2  it was found that all the complexes are 

non- electrolyte. 

6- The proposed structure for the prepared complexes with L1, which showed that 

the prepared ligands behaved as a tetradentate ligand , where the coordination 

occurs through the azomethine group and the thione group. And the complexes are 

square planar. While the structure for The prepared lignd L2showed it s behave as 

polydentate Ligand and the metal complexes with L2 are tetrahedrl and the 

coordination between L2 and these ions occurs through also the azomethine group, 

the thione group  and the oxygen atom . 
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3.12. Future work 

 

1- L1 can be used to prepare metal ion complexes with the molar ratio 1:1 ketone: 

amine. 

2- Other new metal complexes using diffrernt metal ions can be prepared  with L1 

using both molar ratios,  1:2 ketone: amine and 1:1 ketone: amine. 

3- The synthesis of other metal ion complexes  with L2 Schiff base ligands can be 

investigated also.  

4- Mononuclear complexes with L2 can be prepared instead of dinuclear 

complexes. 

5- Hetrodinuclear and homodinuclear complexes can be also prepared with L2. 

6-The use of the prepared complexes in different fields, such as in industry and in 

biology.  

 

 

 

 

 

 

 

 

 

 



 

87 
 

 

[1] Z. Yang and P. Sun, Molbank,  2006, 2006, 12–14. 

[2] W. Qin, S. Long, M.Panunzio and S.Biondi, Molecules 18, 2013, 

12264-12289. 

[3] M. A. Ashraf , K.Mahmood and A.Waji, IPCBEE, 10, 2011 , 1–7. 

[4 M.Mohd, M.Jamil, and Y.Ismail,IPCBEE, IACSIT Press, Singapore 

10, 2011. 

[5] H.liya  and  I. Ado . BayeroJ. Pure and Applied Sciences, 3,2010, 245 

– 249. 

[6] R.Abdulkhaleq Al-Musawi, MSc Thesis, Kerbala University,2013. 

[7]A. M. Abu-Dief and I. M.A. Mohamed, BENI-SUEF UNIVERSITY 

JOURNAL OF BASIC AND APPLIED SCEINCES, 4,2015, 119-133. 

[8] Y. H. Sabah, MSc Thesis, Al-Nahrain University College of Sciences, 

Department of Chemistry,2017. 

[9] D.Chaturvedi and M.Kamboj,  ChemSci J,7, 2016,1-2. 

[10] S.Kumar, D. N. Dhar andP. N.  Saxena,  J. Sci. Ind. Res., 68, 2009, 

181–187. 

[11] K. Brodowska and E. Lodyga-Chruscińska, CHEMIK, 68, 2014,  

129–134. 

[12]A. A. Jarrahpour, A. F. Jalbout, S.Rezaei and Trzaskowski, B. 

Molbank 2006, M455.  

[13] A. E.Taggi,A. M. Hafez, H. Wack, B.Young, D.Ferraris,T.Lectka, J. 

Am. Chem. Soc., 124, 2002 , 6626.  

[14]  A. A. Jarrahpour, M.Shekarriz, and A.Taslimi, Molecules,9, 2004, 

29-38. 

[15]   Z. H.Chohan, ,M.Arif, Z.Shafiq, M. Yaqub and C.T.Supuran,. J. 

Enzyme. Inhib. Med. Chem., 21, 2006,  95-103.  



 

87 
 

[16] S.Ren,  R. Wang, K.Komatsu,P.Bonaz-Krause,  Y.Zyrianov, C.E., 

McKenna,C.Csipke, Z.A. Tokes, and E.J. Lien, J. Med. Chem., 45, 2002,  

410-419. 

[17]K.C. Gupta and A. K.Sutar, Coord. Chem. Rev, 252, 2008, 1420–

1450. 

[18] P.A. Vigato andS.Tamburini, Coord. Chem. Rev. 248, 2004, 1717–

2128. 

[19] R.W.Layer, Chem. Rev. 63,1963, 489–510. 

[20] Y.Shiraishi, M. Ikeda, D.Tsukamoto, S.Tanaka andT.Hirai, Chem. 

Commun. , 47,2011, 4811–4813. 

 

[21] L.Jiang, L.Jin,H.Tian, X.Yuan,X.Yu andQ.Xu, Chem. Commun. 47, 

2011,  10833–10835. 

 

[22] B.Huang, H.Tian, S.Lin, M.Xie, X. Yu andQ.Xu, Tetrahedron Lett. 

54, 2013, 2861–2864.  

 

[23] J.-F. Soule, H.Miyamura andS.Kobayashi, Chem. Commun. , 49, 

2013, 355–357.  

 

[24] B.Gnanaprakasam, J.Zhang andD.Milstein, Angew. Chem. Int. Ed. 

49,2010, 1468–1471.  

 

[25]H.Yuan, W.-J . Yoo,H.Miyamura andS. Kobayashi, J. Am. Chem. 

Soc. 134, 2012,  13970–13973.  

 

[26]  M.Largeron and M.-B Fleury,. Bioinspired oxidation catalysts. 

Science 339, 2013,  43–44.  

 



 

78 
 

[27]Y.-S.Lan, B.-S. Liao, Y.-H.Liu, S.-M. Peng and S.-T. Liu, Eur. J. 

Org. Chem. 2013, 2013, 5160–5164. 

 

[28] P.L. Pickard andC.W. Young, J. Am. Chem. Soc. 73,1951 , 42–43. 

 

[29] K. Hoesch,. Ber. Dtsch. Chem. Ges. 48, 1915 , 1122–1133. 

 

[30] K.Hoesch, Ber. Dtsch. Chem. Ges. 50,1917, 462–468. 

 

[31] J.Houben, W.Fischer, J. Prakt. Chem. 1929, 123, 262–313. 

 

[32] G. M. Cordeiro, E.Hottes, A.Esteves-Souza, G. P. Guedes, C. 

M.R.de Sant’Anna and M. H. Herbst, Journal of Chemistry, 2019, 

2019,1-6. 

 

[33] N.Dharmaraj, Transition Metal Chemistry, 26, 2001, 105–109. 

[34] R.Jayarajan, G.Vasuki, and P. S.Rao, Organic Chemistry 

International,  2010, 2010. 

[35]  L. A. Saghatforoush, A.Aminkhani , S.Ershad  , G.Karimnezhad , 

S.Ghammamy  and R.Kabiri , Molecules,13, 2008, 804-811. 

[36] A. A.Dehghani-Firouzabadi and S.Firouzmandi, Journal of the 

Brazilian Chemical Society, 28,2017, 768–774.  

[37] R. Kannappan  , S.Tanase  , I.Mutikainen  , U.Turpeinenand  

J.Reedijk, Polyhedron 25, 2006,1646-1654. 

[38] P.Ghosh, S.K.Dey, M.Hosna Ara, K.Md.Rezaurl Karim and 

A.B.M.Nazmul Islam, Egypt. J.Chem .62, Special isuue(Part 2), 2019, 

523-547.  

[39] A. Tavman, Russ. J. Inorg. Chem., 55, 2010, 377–383. 

[40] M. A.Phaniband and S.D.Dhumwad , 32, 2007,  1117-1125. 



 

78 
 

[41] U.Spichiger, and K.Keller ,1998. 

[42]M. Morteza and J.Shiva,  Int. J. Electrochem. Sci., 7, 2012, 77 – 

88. 

[43] M. N.Uddin, D. A.Chowdhury, Md. MoniruzzmanRony , Md. 

ErshadHalim, Modern Chemistry2014; 2(2): 6-14 

[44] M.Hapke and G. Hilt,  Introduction to Cobalt Chemistry and 

Catalysis, chapter1 ,2019. 

 

[45]Y.Yildiz, General Aspects of the Cobalt Chemistry chapter1 , 

General Aspects of the Cobalt Chemistry. 

 

[46] I.Krivokapic, M.Zerara , M. L.Daku , A. Vargas , C.Enachescu , 

C.Ambrus  , P.Tregenna-Piggott , N.Amstutz, E.Krausz , A. Hauser, 

Coord. Chem. Rev,2006. 

 

[47] M. S. Sastry, R.Ghose and A. K. Ghose, Transition Met. Chem., 13, 

1988, 447-450. 

 

[48] S. Ya. Istomin, O. A. Tyablikov, S. M. Kazakov, E. V. Antipov, A. I. 

Kurbakov, A. A. Tsirlin, N. Hollmann, Y. Y. Chin, H.-J. Lin, C. T. Chen, 

A. Tanaka,g L. H. Tjenge and Z. Hu, Dalton Trans,2015. 

 

[49] M.Tunçel and S.Serin, Transition Metal Chemistry ,31,2006, 805-

812. 

[50] Md. S.Hossain,A.S.M.E. Shaheed, Md. N. Khan, Md. Abdul 

Mannan, M.M. Haque, C. M. Zakaria, R. K Mohapatra, Md. Kudrat-E-

Zahan, J. Chem. Bio. Phy. Sci. Sec. A, 8,  2018, 654-668. 



 

78 
 

[51] G.Genchi , A.Carocci , G.Lauria , M. S.Sinicropi   and A. Catalano, 

Int. J. Environ. Res. Public Health,17, 2020,  679,1-21. 

[52]D. J. Royer, V. H. Schievelbein, A. Ft. Kalyanaraman, and J. A. 

Bertrand, InorganicaChimicaActa,  6 , 1972,307-313. 

[53] D. Schweinfurth, J. Krzystek, I. Schapiro, S. Demeshko, J. Klein, J. 

Telser, A. Ozarowski, C.-Y. Su, F. Meyer, M. Atanasov, F. Neese and B. 

Sarkar, Inorg. Chem. , 52, 2013, 6880–6892. 

 

V.  .M  ,S. Bogomyakov .A   ,V. Smolyaninov .I ,V. Ershova .I[54] 

A.V.  and  K. Fukin .G    ,V. Cherkasov .A     ,G. Starikov .A     ,Fedin

, Dalton Trans,28,  2019. Piskunov 

Reber, Molbank 2022, .Desmarais and C-Bélanger.Robert, N-Baril.F [55] 

2022, M1366, 2-4. 

[56]J.E.Davies, M.Gerloch andD.J. Phillips,. J. Chem. Soc. Dalton Trans. 

1979, 1836–1842. 

[57]M.Gerloch and L.R.Hanton, Inorg. Chem.  20, 1981, 1046–1050. 

[58]A. K.Yaseen and I. H. Al-Karkhi, Baghdad Science Journal, 10, 

2013. 

[59]J. Singh1 and P. Singh, ISRN Physical Chemistry, 2012, 2012,1-6. 

 

[60] M. N. AL-Jibouri , W. A. Jawad , A. A. Balakit and M.Obies, Egypt. 

J. Chem., 64,2021, 5227 - 5239. 

[61]R. R. Conry, Inorganic & Coordination Chemistry, First 

Edition,2006. 

 

[62] K. Fujisawa , T. Ono  and M. Okamura, Inorganics , 8, 2020, 1-15. 

 

https://pubs.rsc.org/en/results?searchtext=Author%3AMatvey%20V.%20Fedin
https://pubs.rsc.org/en/results?searchtext=Author%3AMatvey%20V.%20Fedin
https://pubs.rsc.org/en/results?searchtext=Author%3AArtem%20S.%20Bogomyakov
https://pubs.rsc.org/en/results?searchtext=Author%3AIvan%20V.%20Smolyaninov
https://pubs.rsc.org/en/results?searchtext=Author%3AIrina%20V.%20Ershova
https://pubs.rsc.org/en/results?searchtext=Author%3AGeorgy%20K.%20Fukin
https://pubs.rsc.org/en/results?searchtext=Author%3AAnton%20V.%20Cherkasov
https://pubs.rsc.org/en/results?searchtext=Author%3AAndrey%20G.%20Starikov


 

78 
 

[63] Z. D. Matovic´, A.Meetsma  , V. D. Miletic´ , P. J. van 

Koningsbruggen, InorganicaChimicaActa 360, 2007, 2420–2431. 

[64]V.Amendola, M.Boiocchi, V.Brega, L.Fabbrizzi, and L.Mosca, 

Inorg. Chem., 49,  2010, 997–1007. 

[65] J. P.Barbier,A. El Biyyadh,C.Kappenstein,N. D.Mabiala andR. P. 

Hugel , Inorg. Chem., 24,  1985, 3615–3620. 

[66] V. V Bon
  
ActaCryst. C66, 2010 , m300-m302. 

[67]N.Yuzo  , K.Sigeo, BULLETIN OF THE CHEMICAL SOCIETY OF 

JAPAN, 43, 1970, 3814-3819. 

[68]R. G. Charles, J. Org. Chem., 22,  1957, 677–679. 

 

[69] B. C. Yallur, P. M. Krishna and M.Challa, heliyon.7, 2021, 1-12. 

[70]  S. B. Bakare, Pol. J. Chem. Tech.,  21, 2019, 26-34. 

 

[71] E.Kenawy, M. M. Azaam and S. A. Khattab, Sci JBAS 40, 2019, 69-

77. 

 

[72] R. Jayalakshmi, V. Jayakkumar, D. DhivyaPriya, Dr. R. Rajavel, 

IJERT, 6,  2017,1-9. 

 

[73]N. P. Ebosie,   M. O. C. Ogwuegbu,   G. O. Onyedika and  F. C. 

Onwumere, Journal of the Iranian Chemical Society, 18, 2021, 3145–

3175.  

[74] G. Matela, A R T I C L E H I S T O R Y, 20, 2020, 1908-1917. 

 

[75] A.Kapila, M.Kaur and H.Kaur , Materialstoday: Proceedings,40, 

2021, S102-S106. 

[76]W. H. Mahmoud  , R. G. Deghadi , G. G. Mohamed, Arabian Journal 

of Chemistry, 13, 2020, 5390–5405.  

 

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jean+Pierre++Barbier
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ahmed++El+Biyyadh
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Charles++Kappenstein
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=N.+Dongui++Mabiala
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Rene+P.++Hugel
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Rene+P.++Hugel
https://pubmed.ncbi.nlm.nih.gov/?term=Bon+VV&cauthor_id=20921608
http://journals.iucr.org/c
http://journals.iucr.org/c/contents/backissues.html
https://www.journal.csj.jp/author/Nishida%2C+Yuzo
https://www.journal.csj.jp/author/Kida%2C+Sigeo
https://link.springer.com/article/10.1007/s13738-021-02265-1#auth-Ngozi_P_-Ebosie
https://link.springer.com/article/10.1007/s13738-021-02265-1#auth-Martin_O__C_-Ogwuegbu
https://link.springer.com/article/10.1007/s13738-021-02265-1#auth-Gerald_O_-Onyedika
https://link.springer.com/article/10.1007/s13738-021-02265-1#auth-Fidelis_C_-Onwumere
https://link.springer.com/article/10.1007/s13738-021-02265-1#auth-Fidelis_C_-Onwumere
https://link.springer.com/journal/13738


 

78 
 

[77] M.Hajrezaie, M.Paydar, S. Z.Moghadamtousi, P.Hassandarvish, N. 

S.Gwaram, M.Zahedifard, E.Rouhollahi, H.Karimian, C.YengLooi, H. M. 

Ali, N. Abdul Majid, and M.Ameen Abdulla, The Scientific World 

Journal, 2014, 2014, 1-12 . 

 

[78]M. M. Abd-Elzaher, A. A. Labib , H. A. Mousa , S. A. Moustafa, M. 

M. Ali and A. A. El-Rashedy, beni-suef university journal of basic and 

applied sciences, 5, 2016, 85–96. 

 

[79] S. M. Emam , I. E. El Sayed, M. I. Ayada and H. M. Hathout, 

Journal of Molecular Structure,  1146, 2017,  600–619.  

[80] Z.Shokohi-Pour, H.Chiniforoshan, A.A. Momtazi-Borojeni, B. J. 

Notash, Photochem. Photobiol. B, 162, 2016,, 34-44. 

 

[81] K.Indra , A. Xavier and B.Harinathan, Am. J. PharmTech Res., 10,  

2020. 

[82] R. Nair, A. Shah, S. Baluja and S. Chanda, J. Serb. Chem. Soc. 71, 

2006, 733–744 . 

 

[83] A. A. El-Sherif , T. M.A. Eldebss, SpectrochimicaActa Part A,79 

,2011, 1803–1814. 

[84] S. Chandra,  D. Jain , A. K. Sharma and P. Sharma, Molecules,14, 

2009,  174-190. 

 

[85] M. Abdel-Hameed , A.-M.M. Abdel-Mawgoud, S. K . Mohamed and  

L. H. Abdel-Rahman, Sohag J. Sci., 7, 2022,  123-130. 

 

[86] I.Anis, M.Aslam, Z. Noreen, N.Afza , A. Hussain, A. H.Chaudhry, 

M.Safder, Int J Curr Pharm Res,  5,2013, 30-39. 



 

78 
 

 

[87] S. Nayak, P. Gamez, B. Kozlevčar, A. Pevec, O. Roubeau, S. 

Dehnen and J. Reedijk, Polyhedron, 29, 2010, 2291-2296. 

[88]W. Al Zoubi and Y. G. Ko, Appl. Organometal. Chem. 2016, 1–12. 

[89] R. Kumar and P. Mathur, Spectrochim. Acta, 136,2015, 818. 

[90] S.Zolezzi , E.Spodine, A.Decinti , Polyhedron 22, 2003 1653-1658. 

[91]J.T. Groves, S.J. Crowley and  K.V. Shalyaev, in: Proceedings of the 

241th ACS National Meeting, Las Vegas, NV,  J. Am. Chem. Soc. 1997. 

[92] J. W. Faller and A. R. Lavoie, Organometallics 20, 2001, 5245-5247. 

[93] D.J. Cross, J.A. Kenny, I. Houson, L. Campbell, T. Walsgrove and 

M. Wells, Tetrahedron Asym. 12 , 2001, 1801. 

[94]K. Maruyama, K. Kubo, Y. Toda, K.Kawase, T.Mashino and 

A.Nishinaga , Tetrahedron Letters, 36,  1995, 5609-5612. 

[95] D.A. Evans, J. M. Janey, N. Magomedov and S. J. Tedrow, 

AngewChemInt Ed, 40, 2001, 1884-1888. 

[96] K. M.Abuamer, A. A.Maihub, M. M. El-Ajaily, A. M.Etorki, M. 

M.Abou-Krisha, M. A.Almagan, International Journal of Organic 

Chemistry, 4, 2014, 7-15. 

[97] Z. Salem, Chemistry and Materials Research, 9, 2017, 10-16. 

[98] S. Z. Topal, K.Ertekin, B.Yenigül and A.Erçaǧ , Turk J Chem, 36 

2012 , 503 – 514. 

[99] S. Papić, N. Koprivanac, Z. Grabarić and D. Parac-Osterman, 

Elsevier Science Limited , 25 1994, 229-240. 



 

78 
 

[100] P. Sykes, ''A guide book to Mechanism in Organic Chemistry", 

4
th
eddition., Longman (1975) 

[101]Y. H. Sabah, MSC Thesis, Al-Nahrain University,2017. 

[102] G. G. Mohamed, M. M. Omar, A. M. Hindy, Turk J Chem, , 30, 

2006, 361 – 382. 

[103]R. N. Pandeyand SATYENDRA SHARMA, Int. J. Chem. Sci.: 12, 

2014,  635-640. 

[104] D. M. Wiles,B . A. Gingras and  T. Suprlnchuk, CANADIAN 

JOURNAL OF CHEMISTRY. 45, 1967, 469- 473. 

 

[105] S.N. Pal and S. Pal, J. Chem. Soc. Dalton Trans., 2002, 2102. 

[106] M. S. Raizada, SYNTH. REACT. INORG. MET.-ORG. CHEM., 

17, 1987, 625-633. 

[107] P. S. Farag, M. M. Hemdan, A. A. El-Sayed, J Heterocyclic Chem. 

2020, 1–14. 

[108]S. Belaid, A. Landreau,  S. Djebbar, O. B. Baitich, G. Bouet and J. 

P. Bouchara, J Inorg Biochem,102,  2008, 63-69. 

[109] B.Semire and O. A.Odunola,  Quim. Nova,  37, 2014,  833-838. 

 

[110] M. M. Al-Mogren1 and A.-N. M. A. Alaghaz, Int. J. Electrochem. 

Sci., 8, 2013. 

 

[111] A.Etorki, S. Ben-Saber, M. El-ajaily and A. Maihub, J. Chem. 

Chem. Eng. 7, 2013 , 193-199. 

[112] I. T. Siraj, and J. Rabiu, DUJOPAS ,. 7 ,  2021, 44-51. 

 



 

78 
 

[113] M. A.Hadi, and I. K. Kareem,  Egypt.J.Chem., 63, 2020, 301- 313. 

 

[114] M.A  Hitchman, Inorganic Chemistry 16, 1977,  1985–1993. 

[115] A. A.A. Emara , A. M. Ali , A. F. El-Asmy and  El-S. M. Ragab, 

Journal of Saudi Chemical Society, 18,  2014, 762–773. 

[116]Y. Nishxda and S.  Kida, Coordination Chemistry Reviews,27, 

1979,  275-298. 

[117]N. Raman, A. Kulandaisamy and K. Jeyasubramanian, Indian 

journal of chemistry, 41, 2002, 942-949. 

[118]G. E. Manoussakis and C. A. Bolos, Inorg. Chim. ActaBioinorg. 

Chem.,  108, 1985,  215-220. 

 

[119] C. Preti and G. Tosi, CAN. J. CHEM. 53,1975. 

[120] C. A. L. Filgueiras and F.Carazza, Journal of Chemical Education, 

57, 1980, 826- 827. 

[121] W.J. Geary, Coordination Chemistry Reviews, 7,  1971, 81-122. 

 

[122] R. D. Feltham and R. G. Hayter , J. Amer. chem. soc., 82, 1964 , 

4587. 

[123] S. Chandra, M. Tyagi and K. Sharma. J. Iran. Chem. Soc., 6, 2009, 

310 -316.  

[124]C. E.Housecroft, A. G.Sharpe, In Inorganic Chemistry, Pearson 

Education Limited, 3, 2008. 

[125]N. Sarı , S. Ç.Şahin  , H.Öğütcü , Y. Dede, S.Yalcin  , A.Altundaş , 

K.Doğanay,  SpectrochimicaActa Part A: Molecular and Biomolecular 

Spectroscopy, 106 , 2013, 60–67. 

https://www.sciencedirect.com/journal/coordination-chemistry-reviews


 

77 
 

[126] T. Paul, Md. F.Hossen, Md. K.-E-Zahan, Md. M.Haque, Md. 

S.Hossain, R.Zamir, Md. A. Asraf, Asian Journal of Research in 

Chemistry, 13, 2020, 

[127] C. Spinu, M. Pleniceanu, M. Isvoranu and L. Spinu, Asian Journal 

of Chemistry, 17,  2005, 2122-2128. 

 

64, M. Kato, H. B. Jonassen and J. C. Fanning, Chemical Reviews., ] 8[12

 128.–1964, 99 

 

Inorganic ,ummingsC. C ., and SeiM. C. W ., RlumR. B .P[129] 

Chemistry,13, 1974, 450-456 

. 

[130] R. E. Duval, M. Grare and B. Demoé, Molecules, 24, 2019, 1-9. 

 

[131] P. Kavitha,  M. R. Chary, B.V.V.A. Singavarapu, and K. L.  Reddy, 

 journal of Saudi chemical society , 20, 2016,  69-80. 

 

[132] M. S. Refat , I. M. El-Deen , M. A. Zein , A.Majid A. Adam , M. D 

I. Kobeasy, Int. J. Electrochem. Sci., 8 , 2013,  9894 – 9917. 

 

 

 

 

 

 

 

 

 

 



 

77 
 

 

 

 

 

 

 

 

 

 



 :الخلاصة

 

-2(حضز ين يفاعهه  L1اندراست ححضيز نىعين ين لىاعد شف الأول )حضًنج      

aminothiophenol 9,10يع-phenathrenquinon ( وانثانيL2حضزين يفاعهه)2-

aminothiophenolيع 

2,5-dihydroxy1,4-benzoquinon  . اننيكم واننحاس  انكىبهج و الأول يع ايىناثحناسك انهيكاند حيث 

 ثنائيتانكىبهج و اننيكم) (فيًا حناسك انهيكاند انثاني يع ايىني M:L()1:1بنسبت يىنيه ) انخكافؤ( ثنائيت)

نين اننىوي انز) تانًحضزين بخمني ينجزي حشخيص انهيكاند. (M:L)2:1)بنسبه يىنيه )انخكافؤ( 

يعمداث  ج(فيًا شخصانحزاريت وانخحانيمححج انحًزاء انًزئيت, الاشعت  فىق انبنفسجيتانًغناطيسي, الاشعت 

, ريتلاانًىانحًزاء, انخىصيهيت ححجانًزئيه, الاشعت    فىق انبنفسجيتالاشعت ) اثانهيكاندين انًحضزين بخمني

حى الخزاح انشكم انهندسي انًزبع انًسخىي نًعمداث انهيكاند  .(انحساسيت انًغناطيسيت وانخحانيم انحزاريت 

. كذنك حى اخخبار انفعانيت انبايهىجيت نهًزكباث انهيكاند انثاني انشكم رباعي انسطىح يعمدي أظهزالأول فيًا 

 Staphylococcus aureus).و   Escherichia coli) انًحضزة جًيعها باسخخداو نىعين ين انبكخزيا

 حيث اظهزث يعمداث انهيكاند الاول فعانيت بايهىجيت يمارنت بانهيكاندين انًحضزين و يعمداث انهيكاند انثاني.

 

 

 

 


