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PREFACE 

 

Coordination chemistry is an extensive area of research since late 

nineteenth century. Compounds with electronegative donor atoms like 

sulphur, nitrogen or oxygen play significant role in the formation of 

coordination compounds. Out of many versatile multifunctional 

ligands, thiosemicarbazones and hydrazones are effective and 

resourceful in coordination chemistry due to their wide range of 

applications in analytical-, pharmaceutical- and biological fields.  

Previous reports on the synthesis, characterization and antimicrobial 

studies of some transition metal complexes of thiosemicarbazones are 

promising and favourable for further research. The metal complexes of 

substituted thiosemicarbazones and hydrazones have attracted much 

attention due to their antibacterial-, antifungal- and antioxidant 

properties. Hence it was considered to be worthwhile and interesting to 

synthesize N(4)-methyl(phenyl)thiosemicarbazones and 

isonicotinoylhydrazones of different carbonyl derivatives and their 

transition metal complexes. 

In the present programme of research work, eight different ligands i.e., 

2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone, 

4-[N,N-(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone, 4-benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazones, 4-hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazones, Crotonaldehyde isonicotinoylhydrazone, 4-[N,N-

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone,  4-hydroxy-3-



 ii 

methoxyacetophenone isonicotinoylhydrazone and 4-(4-benzyloxy 

benzalidene)amino-2,3-dimethyl-1-phenyl-3-pyrazolo-5-one, were 

synthesised and characterized. Their coordinating behaviour towards 

typical transition metal ions like Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) were studied and the new complexes were prepared. They were 

characterized using various analytical and spectral techniques and 

tentative structures were assigned to them. One of the ligands, 4-(4-

benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-pyrazolo-5-one 

was not used for the synthesis of metal complexes.  

The content in this thesis is divided in to two parts consisting of 13 

chapters.  Chapter I of Part I, ‗Synthesis, characterizations and 

computational studies‘, gives a brief description of the history, 

significance and applications of coordination complexes. A brief 

review of thiosemicarbazones, hydrazones and their complexes 

followed by the significance and scope of the present investigation are 

also included in this chapter.  

The materials used, procedures adopted for the synthesis of the ligands 

and the physico-chemical techniques used for the characterization of 

the ligands and the complexes are given in Chapter II. 

The synthesis and characterization of the ligands, 2,4-dihydroxy 

benzaldehyde N(4)-methyl(phenyl)thiosemicarbazone, 4-[N,N-

(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone, 4-benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone,  4-hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone, crotanaldehyde isonicotinoylhydrazone, 4-[N,N-



 iii 

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone and 4-

hydroxy-3-methoxyacetophenone isonicotinoylhydrazone and their 

transition metal complexes are described in Chapters III, IV, V , VI, 

VII, VIII and IX, respectively.   Single crystal X-ray diffraction 

analysis together with computational studies of a novel Schiff base, 

named as 4-(4-benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-

pyrazolo-5-one are presented in chapter X. The reactivity and NLO 

studies of all the ligands synthesized in the present investigation were 

done by DFT method. The geometry optimization have been generated 

at B3LYP/6-311++G(d,p) using the GAUSS-VIEW 5.0.9 program. 

The details of computational studies are presented in chapter XI. These 

eleven chapters are included in Part I of the thesis. 

In addition to the synthesis and structural studies of the compounds, 

their antimicrobial- and antioxidant evaluations have been carried out 

and the results are presented in chapter XII of Part II, ‗Biological 

studies‘. The inhibition effects of  2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone, 4-[N,N-(dimethyl)amino]benzal 

dehyde N(4)-methyl(phenyl)thiosemicarbazone, 4-benzyloxybenzal 

dehyde N(4)-methyl(phenyl)thiosemicarbazone,  4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone and 4-

[N,N-(dimethyl)amino]benzaldehyde isonicotinoylhydrazone  and their 

selected complexes on bacterial strains such as P. aeruginosa   E. coli, 

S. aureus  and B. subtilis and on fungal culture such as C. albicans and 

A. niger are presented here. 

The antioxidant activities of 2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone, 4-benzyloxybenzaldehyde N(4)-



 iv 

methyl(phenyl)thiosemicarbazone, 4-hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone and 4-hydroxy-3-

methoxyacetophenone isonicotinoylhydrazone  and their selected metal 

complexes were measured using DPPH assay. The results of the 

analyses are presented in chapter XIII of Part II of the thesis. 

The references cited in the text are arranged in a serial order at the end 

of each chapter. 
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1.Introduction 

Since late nighteenth century, deliberate efforts were made to prepare 

and characterize the coordination complexes. Transition metal ions 

which have partially filled d sub-shells, readily combine with different 

ligands by coordinate bonds to form coordination complexes. French-

born Alfred Werner developed the basis for modern coordination 

chemistry. Werner explained the spatial arrangement of ligands around 

the metal ions of complexes by suggesting two types of valencies, 

primary- and secondary valencies. In addition to this, there are many 

other structural theories on bonding such as Valence Bond Theory 

(VBT), Crystal Field Theory (CFT), Ligand Field Theory (LFT) and 

the Molecular Orbital Theory (MOT).  More satisfactory explanation 

for the bonding and the properties of the complexes was given by 

Crystal Field Theory.  Both ionic- and covalent nature of metal-ligand 

interactions in coordination complexes are considered in MOT. 

Transition metal complexes have been of great interest to researchers 

for many years due to their significant biological applications.  The 

oxidation state and coordination number of the central metal ion 

determine the geometry and physico-chemical properties of the 

complex formed.   Transition metal ions easily form coordination 

complexes due to their small size, large charge/size ratio and vacant d-

orbitals. 

Interaction of transition metal ions with biologically important systems 

provides extremely bewitching area of coordination chemistry.  There 

are number of coordination compounds that play important roles in 

https://en.wikipedia.org/wiki/Electron_shell
https://en.wikipedia.org/wiki/Coordination_chemistry
https://en.wikipedia.org/wiki/Coordination_chemistry
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biological process. Our body itself produces and consumes many 

coordination complexes during the physiological processes such as 

chlorophyll [magnesium-porphyrin complex, photosynthetic pigment], 

haemoglobin [iron-porphyrin complex, red pigment in blood], 

mayoglobin, vitamin–B12, etc. Many enzymes that catalyse 

physiological process are coordination complexes. Coordination 

compounds have functions in diverse areas such as medicine, 

metallurgy, dyes and pigment industries and analytical chemistry. 

Carboxypeptidase, is a coordination compound catalysing the process 

of digestion. Coordination compounds have specific colours and find 

applications in dyes and pigment industries. EDTA is a complex 

compound used for the determination of hardness of water. The 

concept of coordination chemistry can be applied in the extraction of 

metals. Thus, coordination chemistry   is the most exigent and 

indispensable area of modern inorganic chemistry.  

The Schiff bases, often called as azomethines [N-subsituted imines] 

contain carbon-nitrogen double bonds, have been extensively used as a 

chelating agents in coordination chemistry. Their metal complexes are 

of great interest due to their biological activities such as anticancer-, 

antibacterial-, antiviral- and antifungal  activities [1-4]. The wide range 

of biological activities of these compounds are due to the imine groups 

present in them. Most of the Schiff base compounds have structures 

quite suitable for chelation with metal ions. They are generally formed 

by the condensation of primary amines with carbonyl compounds by 

the reversible reaction in presence of either acid/base catalyst or upon 
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heating[5]. They are characterized by the presence of an azomethine 

group, –RC=NR', where R and R' are alkyl, cycloalkyl, aryl or 

heterocyclic groups. Schiff bases are widely designed by varying the 

chemical environment about the –C=N- group. The presence of a lone 

pair of electron in the sp
2
hybridized orbital on the imino nitrogen atom 

makes the azomethine group more significant. In recent years, Schiff 

bases with N-S-O and N-O-O moieties and their transition metal 

complexes have massive interest due to their desirable chemical- and 

physical properties and diverse applications in different fields. They 

show variable bonding and stereo-chemical possibilities depending on 

the nature of metal ions, structure of the ligands and metal-ligand 

interactions. 

1.1. Structure and bonding of thiosemicarbazones (TSCs) and their 

complexes 

Thiosemicarbazones are basically Schiff bases that belong to a group 

of thiourea derivatives and have emerged as an important class of 

sulphur donor ligands. They are chelating agents with C=N-NH-CS-

NH moiety and form complexes with metal ions by bonding through 

thionate sulphur (=S) and azomethine (=N–) groups, although in some 

cases they behave as monodentate ligands where they bind through 

thionate sulphur (=S) alone. The presence of nitrogen and sulphur in 

chelating agents causes a decrease in solubility of the complexes and 

allows the complex to be isolated from the solution. TSCs show wide 

applications due to the electron donating property of sulphur. They 

exhibit a variety of biological activities, such as antitumor-[6], 
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antifungal-[7], antibacterial-[8], and antiviral- [9] activities. The 

remarkable biological activities observed for these compounds are due 

to their complexing ability. 

Complexes of thiosemicarbazones with transition metals have received 

much attention during last two decades. An all-inclusive review by 

Campell on the coordination chemistry of thiosemicarbazones deduced 

that the nature of sulphur donor atoms is the most important single 

factor affecting the behaviours of thiosemicarbazones as ligands[10]. 

Various applications of thiosemicarbazones and their metal complexes 

are the driving forces behind the present study of  the synthesis of new 

N(4)-disubstituted thiosemicarbazones and their metal complexes.  

Modified thiosemicarbazones can be easily prepared by varying the 

parent aldehyde or ketone used for the synthesis, particularly with 

compounds having additional donor sites or by using 

thiosemicarbazides with substituents on the terminal nitrogen atom. 

Structure-activity relationship studies revealed that the presence of 

bulky groups on the terminal nitrogen of the thiosemicarbazone moiety 

strongly enhances the pharmacological activities of these compounds 

[11]. Thus, substituted thiosemicarbazones and their complexes were 

studied exclusively due to their important biological activities [12-19].  

Thiosemicarbazones of the type R
1
 R

2
 C

2
 = N

3
-N

2
H-C

1
(=S)-N

1
 R

3
 R

4
 

constitute  an important class of N,S-donor ligands. They generally 

bind to the metals through N
2
, S or N

3
, S donor atoms forming four- or 

five membered rings, respectively (Fig.1). 
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Fig.1. General  structure  of  thiosemicarbazone 

The existence of keto-enol tautomerism in equilibrium is an interesting 

attribute of thiosemicarbazones. In the solid state, they predominantly 

exist in the keto [thioamido] form, whereas due to the interaction with 

the solvent   molecules they can exhibit keto-enol [thiol] tautomerism 

in solution (Fig 2). The enol form which predominates in the solution, 

can effectively coordinate to a metal ion (Fig.2). 

 

Fig.2. Keto-enol tautomer‘s of thiosemicarbazone 

In most of the metal complexes, thiosemicarbazone exists in keto form. 

Depending upon the conditions of preparation, the complexes may be 

cationic, neutral or anionic. It acts as neutral bidentate ligand in the 

keto form. In enol form it can deprotonate and acts as anionic bidentate 

NR1

R2

N
H

NH2

S

1

2 3 4 NR1

R2

N NH2

SH

1

2 3 4
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ligand. Thiosemicarbazone molecule itself exists in almost planar 

structure, with the sulphur atom in trans-configuration to azomethine 

nitrogen atom. The presence of azomethine group makes 

thiosemicarbazone to exist as E and Z stereoisomers [Fig.3]. 

Considering the thermodynamic   stability, E isomer predominates 

more in the mixture[20]. 

 

Fig.3. E and Z stereoiosmers 

Detailed research have revealed that the steric effects of various 

substituents on the thiosemicarbazone moiety decide the spatial 

arrangements of the ligand. During complexation, the compound will 

be in the cis- form because of the extra stability associated with 

electron delocalization in chelated complex with the bonding through 

thione/thiol  sulphur and hydrazine nitrogen in a bidentate manner  as  

shown  in   Fig.4.    
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Fig.4. Metal chelation of bidentate thiosemicarbazone moiety 

When an additional coordination functionality is present in the nearby 

position of the donating atoms, thiosemicarbazones coordinate in a 

tridentate manner as shown in Fig.5. 

 

Fig.5. Metal chelation of tridentate thiosemicarbazone moiety 

1.2. Metal complexes of thiosemicarbazones   

Transition metal complexes of N, S donor ligands have received much 

attention during last few years. Among N, S donor ligands, 

thiosemicarbazones have been explored greatly. The transition metal 

complexes of thiosemicarbazones attracted many researches due to 

their structural heterogeneity, variable modes of bonding, versatile 

pharmacological activities and ion sensing potential[13, 21, 22]. 

Synthesis and characterization of their metal complexes, single crystal 

structural analysis, biological and pharmaceutical applications were 
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reviewed in details since 1974. The synthesis and biological 

applications of complexes of thiosemicarbazones continue to attract the 

attention of chemists since Domagk first reported on their anticancer 

activity[23-25]. Structural characterization of thiosemicarbazone 

complexes that emerged during that period entrenched 

thiosemicarbazones as an important class of ligand for a variety of 

reasons[10, 20, 26, 27]. Jayakumar et  al[28] reported  six copper 

complexes of  2-benzoylpyridine-N
4
,N

4
-dimethyl-3-thiosemicarbazone 

(HL). These complexes were characterized by elemental analysis, 

magnetic susceptibility- and conductivity measurements, FT-IR, UV–

Vis and EPR studies. It was found that the thiosemicarbazone 

coordinated through one of the pyridyl nitrogen, azomethine nitrogen 

and thioiminolate sulphur atoms.  From EPR studies, the binuclear 

nature of some of the complexes was confirmed. Syntheasis and 

characterization of four Ru(III) complexes with 4-methyl-3-

thiosemicarbazone ligands, (E)-2-(2-chlorobenzylidene)-N-

methylhydrazinecarbothioamide (HL
1
) and (E)-2-(2-nitrobenzylidene)-

N-methylhydrazinecarbothioamide (HL
2
), were reported by Sampath et 

al[29]. The complexes were tentatively assigned an octahedral 

geometry. All the complexes had been examined for DNA binding, 

DNA cleavage, antioxidant and cytotoxic activities under in vitro 

experimental conditions. The DNA binding abilities of the ligands and 

complexes were studied and found that the complexes bind to DNA via 

an intercalative mode. Further, in vitro antioxidant-, anticancer- and 

cytotoxic studies done on the ligands and Ru(II) complexes showed 

that all the Ru(II) complexes served as potential antioxidants and good 
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cytotoxic agents than the ligands. The conclusion of this study was that 

the thiosemicarbazone complexes containing triphenylphosphine as co-

ligand, led to an improved interaction with DNA, free radical and 

tumour cell line than the other complexes. 

Vibrational-, NMR- and UV-Visible spectroscopic investigation and 

NLO studies on benzaldehyde thiosemicarbazone using computational 

calculations were done by Moorthy et al[30]. The vibrational, 

electronic, NBO, optical and frontier molecular interaction studies 

have been carried out by HF and B3LYP methods with 6-311++G(d,p) 

basis set. The XRD results revealed that the stabilized molecular 

systems were confined in orthorhombic unit cell system. The energy 

gap of HOMO and LUMO was found as 3.87 eV. This was only an 

intermediate energy gap which indicated the enriched electronic 

activity of the compound.  Synthesis, spectral characterization and 

biological activities of Mn(II) and Co(II) complexes of 

benzyloxybenzaldehyde-4-phenyl-3-thiosemicarbazone were reported 

by Prathima et al[31]. The EPR and electronic spectral studies of both 

the complexes indicated octahedral site symmetry for the metal ions. 

The ligand had no    antibacterial activity but both of the complexes 

showed considerable antibacterial activities. Soroush Sardari et al[32] 

reported a new series of 31 thiosemicarbazones synthesised by the 

reactions of various aldehydes and ketones with 4-

phenylthiosemicarbazide or thiosemicarbazide at room temperature. 

All of them showed high activity toward Mycobacterium Bovis. 

Sreenath Reddy et al[33] synthesized Ni(II) and Cu(II) complexes of 
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2-butyl-4-chloro-5-formylimidazole thiosemicarbazone (L) and 

characterized them by elemental analysis, FT-IR, mass spectra, 

electronic and EPR spectra. A distorted octahedral geometry was 

assigned for the complexes from the electronic spectra and EPR 

calculations. Both the complexes showed only moderate antimicrobial 

activities against the human pathogens when compared to the standard, 

Amoxiclav. The Ni(II) and Cu(II)complexes of this ligand were tested 

for the  activity against cancer cell lines,  (MDA-MB 231 cell lines) 

using the MTT assay method. Among the compounds studied, Cu(II) 

complex showed better activity at 80 g/ml and the Ni(II) complex at 

100 g/ml. The synthesis, characterization, crystal structures, 

biological activities and fluorescence studies of the complexes of 

Cu(II), Zn(II) and Ni(II) with 3-carbaldehyde 

chromonethiosemicarbazone were reported by Li et al[34]. Interactions 

of the ligand and the complexes with DNA were studied and found that 

the compounds bind to DNA in an intercalative mode, especially, the 

Zn(II) complex bind to DNA very strongly than the free ligand, Ni(II)- 

and Cu(II) complexes. In vitro antioxidant activities of the compounds 

were investigated and found that they have significant activity against 

superoxide- and hydroxyl radicals. The scavenging property of Cu(II) 

complex was better than the ligand, Zn(II) and Ni(II) complexes and 

some standard antioxidants. Biological properties of 4-

Benzyloxybenzaldehyde-4-methyl-3-thiosemicarbazone [BBMTSC] 

and its Cd(II) complex  was reported by Suvarapu Lakshmi Narayana 

et al[35]. The results showed that the BBMTSC can act as a strong 

antioxidant. In addition to antioxidant activity, BBMTSC can act as a 
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better antibacterial agent against Staphylococcus aureus and 

Pseudomonas aeruginosa while its Cd(II) complex showed better 

activity against Bacillus subtilis and Escherichia coli. Regarding 

antifungal activity, the Cd(II)-BBMTSC acted as a better antifungal 

agent than free BBMTSC. 

The synthesis, characterization, antibacterial-, antifungal-, antioxidant- 

and DNA interaction studies of mononuclear Co(II), Ni(II), Cu(II), 

Zn(II), Pt(II) and Pd(II) complexes of  N,N,-bis-p- 

methoxyacetophenone thiosemicarbazone were reported by Richa 

Kothari and Brajraj Sharma [36]. The complexes were characterized by 

elemental analysis, conductivity measurements, FTIR, 
1
H NMR-, 

mass- and electronic spectra. Metal complexes showed better 

antibacterial-, antifungal- and antioxidant properties than the free 

ligand. Selvamurugan et al[37]  reported a new series of Ni(II) 

complexes of 4-chromone-N(4)-substituted thiosemicarbazones.   

Characterization of the complexes were carried out by using  FT-IR, 

electronic, 
1
H, 

13
C, 

31
P NMR and ESI-Mass spectra. The ligands were 

found to act as tridentate. Drug-like properties of the complexes were 

analysed by DNA/protein interaction studies and in vitro cytotoxic 

studies against human breast cancer cell line (MCF-7). The DNA 

binding studies showed that the complexes bind to DNA via 

intercalative mode. The complexes with the phenyl substituent on the 

ligand moiety showed good DNA and protein binding interaction and 

had a good anticancer activity   against human breast cancer cell line 

(MCF-7), due to the electron withdrawing nature of the phenyl group 
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on the terminal nitrogen atom of the thiosemicarbazone.  K. K. 

Aravindakshan and C G R Nair [38] reported the complexes of vanillin 

thiosemiearbazone (3-methoxy-4-hydroxybenzaldehyde 

thiosemicarbazone), (VTSCH) with Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll) 

and Hg(ll) ions. Structures were assigned to these complexes based on 

electrical conductivity, magnetic susceptibility and spectroscopic 

measurements. Spectrophotometric determination of gold(III) using 2-

hydroxy-3-methoxybenzaldehyde thiosemicarbazone [HMBATSC] as 

a chromophoric reagent was reported by Prem Kumar et al[39]. 

Gold(III) ion formed a blue - coloured complex with HMBATSC in an 

aqueous-DMF solution  at pH 6.0. The gold complex showed the 

absorption maximum at 385 nm, and Beer‘s law was obeyed in the 

concentration range, 0.49–8.37 μg/mL. The complex had 1 1: 1 

stoichiometry with a stability constant of 1.32 × 106. This method was 

used for the determination of gold(III) in environmental water samples. 

Adsorption and inhibition actions of 4-(N,N-Dimethylamino) 

benzaldehyde thiosemicarbazone [DMABT] on 6061 Al/SiC 

composite and its base alloy in sulfuric acid medium were reported by 

Geetha et al[40]. The results revealed that DMABT was an effective 

inhibitor, showing an inhibition efficiency of 70% in 0.5M sulfuric 

acid. DMABT behaved as cathodic type inhibitor. It obeyed 

Langmuir‘s model of adsorption, and the adsorption was 

predominantly through physisorption. The adsorption process was 

spontaneous and exothermic process accompanied by an increase of 

entropy. Inhibition efficiency of DMABT on aluminium composite and 

its base alloy increased with the increase in concentration of sulfuric 



Chapter 1 

 

 13 

acid and decreased with increase in temperature from 30
0
 to 50

0
C. 

K.G. Sangeetha and K.K. Aravindakshan [41]  prepared  Cd(II) 

complex of 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone N(4)-methyl-

N(4)-phenyl thiosemicarbazone. The ligand crystallized in triclinic 

system with a space group P-1. Cadmium(II) complex crystallized as a 

monoclinic crystal system with a space group P21/c. Cadmium was 

found to be coordinated through oxygen, azomethine nitrogen and 

thione sulphur. A rapid extractive spectrophotometric determination of 

copper(II) in environmental samples, alloys, complexes and 

pharmaceutical samples using 4-[N,N(dimethyl)amino]benzaldehyde 

thiosemicarbazone was reported by Karthikeyan et al[42]. The 

investigation showed that yellow Cu(II) complex formed in the pH 

range,  4.4–5.4 was 1:2. It obeyed Beer‘s law up to a concentration of 

4.7 μg/mL and the optimum concentration range for the determination 

was 1.2–3.8 μg/mL. 

Harness et al[43] prepared Cu(II), Zn(II), Cd(II) and Hg(II) complexes 

of p-dimethylaminobenzaldehyde thiosemicarbazone [dmabTSC]. The 

ligand and complexes were strongly fluorescent in DMSO but their 

luminesce almost entirely quenched in dichloromethane. Elemental 

analyses and molar conductivity data suggested a bimetallic copper 

complex while each of the other complex contained a single metal 

center as expected from the reaction stoichiometry. In all the 

complexes, dmabTSC coordinated as a neutral bidentate ligand binding 

through the azomethine nitrogen and thiocarbonyl sulphur. Synthesis, 

structural characterization, and biological application of p-[N,N-bis(2-
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chloroethyl)aminobenzaldehyde thiosemicarbazone and its nickel(II) 

complex were  reported by Anitha et al[44]. These compounds were 

characterized by elemental analyses, IR, electronic- and 
1
H NMR 

spectroscopy. The compound, p-[N,N-bis(2-

chloroethyl)aminobenzaldehyde thiosemicarbazone crystallised in a 

triclinic crystal system with a space group,  P-1. In 1:2 complex, 

thiosemicarbazone coordinated to nickel in SNNS mode. The complex 

was tested for its antibacterial activity against various pathogenic 

bacteria. Synthesis, characterization and biological activity of a Schiff 

base derived from 3,4-dihydroxybenzaldehyde and thiosemicarbazide 

and its with iron(II) and nickel(II) complexes were reported by Xinde 

Zhu et al[23]. The complexes were characterized by elemental 

analyses, molar conductance, IR, UV/Vis, 
1
H- NMR and ESI-MS 

spectra. Mossbauer spectrum was used to identify the electronic state 

of iron(II) in the ferrous complex. Biological activity tests revealed 

that the complexes exhibited strong super oxygen dismutase activity 

and inhibitory actions towards Escherichia coli, Bacillus subtilis, 

Staphylococcus aureus and Cryptococcus neoforms. A series of 

complexes of Ni(II) and Cu(II) with benzil bis(thiosemicarbazone) 

were prepared by Sulekh Chandra et al[45]. They were characterized 

by elemental analyses, mass spectra, molar conductance and magnetic 

susceptibility measurements and spectral (electronic-, IR and EPR) 

studies. The involvement of sulphur and azomethine nitrogen in 

coordination to the central metal ion was confirmed from IR spectral 

data. Spectral studies suggested an octahedral geometry for the Ni(II) 

complex and  tetragonal geometry for the Cu(II) complex. The free 
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ligand and its metal complexes were tested in vitro against the gram-

positive bacteria (Bacillus macerans) and gram-negative bacteria 

(Pseudomonas striata). Fungicidal screening tests were conducted for 

Ni(II) and Cu(II) complexes against phytopathogenic fungi, 

Rhizoctonia bataticola, Alternaria alternata, and Fusarium odum. The 

results showed that the complexes were more active than the free 

ligand. 

The antiviral activities of [bis-(citronellalthiosemi 

carbazonato)nickel(II)] and [aqua(pyridoxalthiosemicarba 

zonato)copper(II)] chloride monohydrate were reported by Giorgio 

Pelosi et al[46]. They showed activity against the retroviruses HIV-1 

and HTLV-1/-2. The copper complex was anti-HIV active. A series of 

complexes of Co(III), Ni(II), Cu(II) and Zn(II) with (E)-1-(1-

hydroxypropan-2-ylidene)thiosemicarbazide(LH) were synthesized by 

Priya et al[47]. These compounds were successfully characterized 

using various spectro-analytical techniques. The molecular structures 

of the ligand, (LH) and the Ni(II) and Cu(II) complexes were 

determined by single crystal X-ray diffraction studies. LH acted as a 

tridentate ligand and coordinated to Co(III) centre in thiolate form and 

Ni(II) centre in thione form. The Ligand, (LH) and all the complexes 

were screened against pathogenic bacterial and fungal strains. 

Synthesis, characterization, electrochemical studies and in vitro 

antibacterial activity of a novel thiosemicarbazone and its Cu(II), 

Ni(II), and Co(II) complexes were reported  by  Salman A. Khan  et  

al[48]. These compounds were characterized by FT-IR, NMR studies 
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and mass spectral analysis. Thiosemicarbazone coordinated to metal 

through the thionic sulphur and the azomethine nitrogen. In vitro 

antibacterial activities of these compounds were tested by the disc 

diffusion micro dilution assay against two Gram-positive and Gram-

negative bacteria. The results showed that the complex of CuCl2 was 

better antibacterial agent as compared to chloramphenicol. Five 

thiosemicarbazone derivatives of benzophenone were synthesized by 

Bienvenu Glinma et al[49]. They were characterized by various 

spectrometrical methods. These compounds were screened in vitro for 

their antiparasitic activity and toxicity on Trypanosoma brucei brucei 

and Artemia salina leach. 

1.3. Hydrazone, structure and bonding of the complexes 

Schiff bases are a class of compounds consisting of imine (–C=N–) 

functional groups and are considered to be a versatile pharmacophore 

for the development of various bioactive compounds. Schiff bases with 

N, O donor atoms can encapsulate metal ions and appear to be 

particularly attractive owing to the stability that they can grant to their 

complexes by chelation.  Hydrazones are a promising group of 

compounds in the Schiff base family. The hydrazones offer a number 

of attractive features such as the degree of rigidity, conjugated π-

system and a NH unit that readily participates in hydrogen bonding or 

may be a site of protonation-deprotonation. Hydrazones have been 

reported to demonstrate a broad spectra of biological activities 

including antimicrobial-, antituberculosis-, anti-inflammatory-, 

anticancer-, anticonvulsant- and analgesic activities [50, 51]. These 
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ligands obtained by condensation of hydrazines or hydrazides with 

aldehydes or ketones are shown in Fig. 6. 

Besides their growing interest in coordination chemistry,  

aroylhydrazones  R–CO–NH–N=CH–R‘, exhibit a variety of biological 

properties based on the formation of bioactive metal chelates[52]. They 

can coordinate with transition metal ions through the N atom of 

azomethine group and O atom of carbonyl group. Therefore, they can 

coordinate in vivo with metal ions as shown in Fig.7. The presence of –

C=O group increases the electron delocalization and denticity of the 

aroylhydrazone ligands[53]. 

 

Fig.6. Synthesis of hydrazone 

 

Fig.7. General mode of coordination of aroylhydrazone 
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The architectural structure of aroylhydrazone unveiles that due to the 

presence of nucleophilic  azomethine [imine]  nitrogen  and  amino 

nitrogen,  azomethine carbon can act as both electrophile and 

nucleophile and can show configurational isomerism [54] as shown in 

Fig.8. 

 

Fig.8. Architectural structure of aroylhydrazone 

 

In the solid state, they generally exist in the amido form, whereas they 

predominatly exist as an equilibrium mixture of amido and iminol 

forms in solution (Fig.9). The amido-iminol equilibrium depends on 

the nature of the substituents on the hydrazide skeleton, pH of the 

medium, etc.[55]. Hydrazones coordinate to metal center in the neutral 

amido or anionic iminolate forms. Due to their facile characteristics, 

they show interesting coordination modes and stereo-chemical 

probabilities depending on the nature of metal ions, substituents on the 

ligands and metal-ligand interactions. 
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Isonicotinic acid hydrazide (isoniazid, INH), is a widely used 

antituberculosis drug.  Isonicotinicotinoylhydrazones have wide range 

of applications in organic synthesis, analytical chemistry and in 

medical biotechnology[56]. They show a variety of coordination 

modes depending on the reaction conditions, type of substituents and 

stability of the metal complex formed. Their coordination behaviour 

also depends upon the pH of the medium [57]. They are generally bi-, 

tri- or poly-dentate ligands capable of forming very stable complexes 

with transition metal ions. 

 

Fig.9. Tautomerism in aroylhydrazone 

1.4. Metal complexes of hydrazone 

Amrita Parl and Gurmeet Singh [58] reported biologically active 

isonicotinicotinoylhydrazones of substituted benzaldehydes. These 

were characterized by AT-IR and 
1
H NMR spectral analyses. The in 

vivo antibacterial screening showed that N-(benzenesulfonyl)-N'-[(5-

chloro-2-hydroxyphenyl)methylidene]pyridine-4-carbohydrazide(GM-

I) substituted isonicotinoyl hydrazones exhibit good activity. Ahmed et 

al[59] reported the synthesis and characterization of Mn(II), Co(II), 

Ni(II) and Cd(II) complexes of salicyldehyde isonicotinoylhydrazone 

and 2-hydroxynaphthaldehyde isonicotinoylhydrazone. The complexes 
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were characterized using solubility, melting point, UV measurement 

and infrared spectroscopy. The coordination of the metal ions to the 

ligands was through the oxygen of carbonyl group, the nitrogen of the 

imine group and the oxygen of the hydroxyl group. Moksharagni et 

al[60] prepared isonicotinoyl- and nicotinoyl hydrazones of 2-formyl 

pyridine, 2-acetyl pyridine and 2-benzoyl pyridine. All of them were 

characterized by IR, 
1
H NMR and mass spectral data. They were 

screened for their antibacterial activities against Staphylococcus 

aureus, Bacillus subtilis, Escherichia coli and Salmonella typhi. 

Isonicotinoylhydrazones showed more antibacterial activity than the 

corresponding nicotinoylhydrazones. 

Co(II), Ni(II) and Cu(II) complexes of isonicotinic acid 2-(9-

anthrylmethylene)-hydrazide were  prepared by Dianu et al[61]. These 

complexes were characterized by analytical and physico–chemical 

techniques, such as elemental- and thermal analyses, magnetic 

susceptibility- and conductivity measurements, electronic-, EPR- and 

IR spectral studies. The infrared spectral studies suggested the 

bidentate or monodentate nature of the ligands in the complexes. The 

pyridine nitrogen did not involve in the coordination. A tetrahedral 

geometry was suggested for the nitrate complexes and an octahedral 

geometry for the others. Malhotra et al[62] synthesized a series of (E)-

N'-(substituted benzylidene)isonicotinohydrazide derivatives. The 

structure of all the compounds were confirmed by using various 

spectral techniques like IR-, 
1
H NMR-, 

13
C NMR- and mass spectra. 

All the compounds were tested for their antimicrobial activities in 
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terms of zone of inhibition, minimum inhibitory concentration, 

minimum bactericidal concentration and minimum fungicidal 

concentration in comparison with standard drugs. The results 

suggested that all the compounds possessed mild biological activities. 

Among the synthesized derivatives, (E)-N'-(3,4-

dimethoxybenzylidene)isonicotinohydrazide, (E)-N'-(3,4,5-

trimethoxybenzylidene)isonicotinohydrazide and (E)-N'-(4-hydroxy-3-

methoxybenzylidene)isonicotinohydrazide showed considerable 

antimicrobial activities. Ram K. Agarwal et al[63] prepared a new 

series of complexes of cobalt(II) and nickel(II) with N- 

isonicotinamido-2′,4′-dichlorobenzalaldimine (INH-DCB) with a 

general composition, MX2·n(INH-DCB). The complexes were 

characterized by elemental analyses, IR- and electronic spectra, 

magnetic susceptibility- and conductivity measurements. An 

octahedral geometry was suggested for all the complexes. The metal 

complexes were tested for their antifungal- and antibacterial activities 

on different species of pathogenic fungi and bacteria and their 

biopotency was also discussed. Vidya Desai and Rachana Shinde [64] 

developed a new, simple and convenient environmentally benign 

synthesis of nicotinoylhydrazones in good yield using lemon juice as 

natural catalyst. A variety of hydrazones have been synthesized by this 

green methodology, proving its versatility. These hydrazones were 

screened for antimicrobial activity and revealed that they exhibited 

good activity against E-Coli than S. Aureus. Most of these compounds 

showed better antitubercular action than that of the standard drugs, 
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pyrazinamide, streptomycin and ciprofloxacin. These may be potential 

candidates for the development of new drug substrates in future. 

Cobalt(II), nickel(II) and copper(II) complexes of (E)-N‘-(2-hydroxy-

5-nitrobenzylidene)isonicotinohydrazide were reported by Fasina et 

al[51]. These complexes were characterized based on elemental 

analyses, conductivity measurements, IR- and electronic absorption 

spectroscopy. The data suggested 1:2 [M:L] stoichiometry for the 

copper and cobalt complexes and a 1:1 [M:L] for the nickel complex. 

The electronic absorption spectral data supported octahedral geometry 

for cobalt(II) and copper(II) complexes and square planar for nickel(II) 

complex. In vitro antimicrobial properties of the compounds were 

screened against five pathogenic bacteria using the agar-well diffusion 

method and showed that the activity was in the order Ni>Co>Cu 

complexes. They can be used as entities for the development of new 

antimicrobial agents.  A new series of quinoline hydrazone derivatives 

and their metal complexes   were synthesized by Mandewale et al[65]. 

The biological properties of these compounds were evaluated against 

Mycobacterium tuberculosis (H37 RV strain). Most of them showed 

100% inhibitory activity at a concentration of 6.25–25 𝜇g/mL, against 

Mycobacterium tuberculosis. Complexation with Cu(II)and Zn(II) 

effectively enhanced  the conformational rigidity of the hydrazones 

and were found to be good materials for photochemical applications. 

Fluorescence properties of all these compounds were also investigated. 

Surendra Prasad and Ram K. Agarwal [66] reported that nickel(II) 

complexes of a novel ligand, N-isonicotinamido-furfuraldimine. The 
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hydrazone behaved as a neutral bidentate N and O donor ligand. The 

complexes were characterized by elemental analyses, molecular weight 

determinations, magnetic susceptibility measurements, thermo 

gravimetric, electrochemical and spectroscopic studies. The complexes 

had octahedral geometry. The antimicrobial studies of the complexes 

showed that they were moderate antibacterial and antifungal agents.  

Khlood S. Abou-Melha[67] synthesized Mn(II), Fe(III) Co(II), Ni(II), 

Cu(II) and UO2(II) complexes of isonicotinic acid (2-

hydroxybenzylidene)hydrazide, (HL). The ligand and its metal 

complexes were characterized by using elemental- and thermal 

analysis, IR-, electronic-, mass- and 
1
H NMR spectra, as well as 

magnetic moment- and conductance measurements. All complexes, 

except those of Cu(II) and UO2 displayed octahedral configuration. 

The Cu(II) complex had a square planar geometry distorted towards 

tetrahedral. The UO2(II) complex had a hepta-coordination. The ligand 

and its metal complexes were tested against a gram +ve bacterium 

(Staphylococcus aureus), a gram −ve bacterium (Escherichia coli)and 

Fungus (Candida albicans). The tested compounds showed good 

antibacterial activities. Synthesis and characterization of 

lanthanide(III) perchlorato complexes of N-isonicotinamido-p-

dimethylaminobenzalaldimine (INH-PDAB) and N-isonicotinamido-3-

methoxy-4-hydroxybenzalaldimine were  reported by Ram K. Agarwal 

and Rajendra K. Sarin [68]. The complexes were characterized by 

using analytical-, magnetic and IR- and UV-Vis spectral methods. The 

thermal stabilities of compounds were also studied.  Kelode et al[69] 

synthesized and characterized a Schiff base derived from 2,4-
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dihydroxy benzophenone and isonicotinoyl hydrazid and its complexes 

with Cr(III), Mn(III), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), VO(IV) and 

Zr(IV) ions. As per IR spectral data, the hydrazone acted as a 

monobasic bidentate ligand, coordinating through O
-
 of the 

deprotonated phenolic group and the nitrogen atom of imine group. 

The magnetic susceptibility measurements and electronic spectral data 

suggested square planar geometry for the Ni(II) and Cu(II) complexes, 

square pyramidal geometry for the Mn(III) and VO(IV) complexes and 

octahedral geometry for the other complexes. EL-Bahnasawy et al[70] 

have reported the synthesis of cobalt, nickel, copper and zinc 

complexes of the isonicotinoyl hydrazones derived from 

benzoylacetone (Bz), salicyaldehyde (Sal) and 2-

hydroxynaphthaldehyde (Naph). The compounds were subjected to 

thermal analysis. Their electrical conductivities were measured at 

different temperatures.  Agarwal et al[71] reported the synthesis, 

spectral and thermal studies of oxovanadium(IV) complexes  of N-

isonicotinamido-3',4',5'-trimethoxybenzalaldimine (INH-TMB) and N-

isonicotinamido-2'-furanaldimine (INH-FUR). They were 

characterized on the basis of analytical-, conductance-, molecular 

weight-, and magnetic moments-, IR- and electronic spectral data. The 

infrared data of the complexes suggested the bidendate nature of the 

ligands, coordinating through carbonyl-oxygen- and azomethinic-

nitrogen atoms. Thermal stabilities of the complexes were investigated 

by thermo gravimetric analysis. Kriza et al [72] prepared Co(II), 

Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) complexes of glyoxal bis-

isonicotinoyl hydrazone (isoniazid, H2L) and their structures were 
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confirmed by using elemental analyses, magnetic susceptibility and 

thermo gravimetric studies. IR-, electronic, 
1
H-NMR and EPR spectral 

studies were also carried out. The stoichiometric formulae 

were[M(H2L)(H2O)2](NO3)2·xH2O, where M=Co(II), Ni(II) or Cu(II) 

and [M(H2L)](NO3)2, where M=Zn(II), Cd(II) or Hg(II) and H2L= 

glyoxal bis-isonicotinoyl hydrazone. Ligand acted as a neutral 

tetradentate one coordinating through carbonyl oxygen- and 

azomethine nitrogen atoms. The hydrazone and it‘s complexes were 

tested for activities against a number of bacteria by well–diffusion 

technique in DMF. 

2. Conclusions 

It is evident from our brief literature survey that nitrogen-sulphur 

donor ligands systems play important role in coordination chemistry. 

The studies of complexes of this type of ligands have considerable 

attention in the light of tautomerism present in them. Transition metal 

complexes of N, S, O donor ligands have great interest due to their 

chemical- and structural peculiarities and also due to their analytical 

and biological applications. There are only a few reports on the 

synthesis, characterization and applications of metal complexes of 

substituted thiosemicarbazones and isonicotinoylhydrazones of 4-

hydroxy-3-methoxyacetophenone, 4-

[N,N(dimethyl)amino]benzaldehyde and crotonaldehyde. Therefore, in 

the present course of research, we have decided to synthesis and 

characterize the metal complexes of these ligands. 
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3. Scope and significance of the present investigation 

Thiosemicarbazones and hydrazones are prominent ligands. The study 

of thiosemicarbazone- and hydrazone metal complexes showed that 

they have distinct solubility, better stability and  promising biological 

activities. Our literature survey revealed that reports on systematic 

investigation on the coordination behaviour of N(4)-disubstituted 

thiosemicarbazones of substituted aldehydes and ketones are very less. 

It also revealed that di-substitution on N(4) of thiosemicarbazide 

moiety enhances their biological activities. Aroylhydrazones are 

multidentate ligands which form a variety of bioactive metal chelates 

with various metal ions by coordinating through oxygen and nitrogen 

atoms. By virtue of the presence of active thiosemicarbazone   and 

hydrazone skeleton, we hope that these compounds and their 

complexes will be conceivably useful chemotherapeutic agents.  

In the present investigation, we have synthesized transition metal 

complexes of different N(4)-methyl(phenyl)thiosemicarbazones  and  

isonicotinoylhydrazones ligands. The main ligands that we have 

prepared during this investigations and their abbreviations are given 

below: 

1. 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazones  (HL) (DBMPTSC) 

2. 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (HL) (PDBMPTSC) 
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3. 4-Benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazones  (HL) (BBMPTSC) 

4. 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazones  (HL) (AMPTSC) 

5. Crotanaldehyde isonicotinoylhydrazone (HL) (CINH)  

6. 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(HL) (PDBINH)  

7. 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 

(HL) (AINH) 

8. 4-(4-Benzyloxybenzalidene) amino-2,3-dimethyl-1-phenyl-3-

pyrazolo-5-one (L) 

We have prepared the complexes of the first seven of these ligands 

with Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) ions. These metal 

complexes were characterized by various physic-chemical methods 

like elemental analyses, magnetic susceptibility measurements and IR-, 

UV-Vis and 
1
H NMR spectral techniques. Tentative structures of the 

compounds have been suggested. These studies are described in 

chapters three to nine. One of the ligands, 4-(4-benzyloxybenzalidene) 

amino-2,3-dimethyl-1-phenyl-3-pyrazolo-5-one was not used for the 

synthesis of metal complexes. Its single crystal X-ray diffraction 

analysis together with computational studies are presented in Chapter 

X. The reactivity and NLO studies of all ligands were done by DFT 

method. The geometry optimization have been generated at B3LYP/6-
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311++G(d,p) using the GAUSS-VIEW 5.0.9 program. The details of 

computational studies are presented in Chapter XI. These eleven 

chapters are included in Part I of the thesis. 

Besides the structural studies of the complexes, we have conducted 

their antimicrobial- and antioxidant evaluation and the results are 

presented in Part II. The inhibition effects of  2,4-

dihydroxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone, 4-

[N,N-(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone, 4-benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone, 4-hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone and 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone on bacterial strains such as P. aeruginosa   E. 

coli, S. aureus  and B. subtilis are of this part and on fungal cultures 

such as C. albicans and A. niger are included in Chapter XII. 

The antioxidant activity of 2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone,  4-benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone, 4-hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone and 4-hydroxy-3-

methoxyacetophenone isonicotinoylhydrazoneand their metal 

complexes were evaluated using DPPH assay. The results of the 

analysis are presented in Chapter XIII of Part II of thesis. 

The references cited in the text are arranged in a serial order at the end 

of each chapter. 
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A brief account of the materials used and methods employed for the 

synthesis of the ligands and the complexes are given in this chapter. 

The details of various instruments used for the characterization of the 

ligands and the complexes are also discussed here. However, all 

specific synthetic procedures and experimental set up are explained in 

the relevant chapters.  

1. Metal salts   

For the synthesis of Co(II), Ni(II), Cu(II),  Zn(II) and Cd(II)  

complexes, corresponding metal chlorides  were used. They were 

Sigma Aldrich/ Qualigens , AnalaR or equivalent grade.  

2. Solvents  

The solvents such as methanol, ethanol, diethyl ether, petroleum ether, 

chloroform, dimethylformamide and DMSO were used for the 

synthesis, extraction and recrystallization of the ligands and the 

complexes. Commercially available solvents like ethanol and methanol 

were purified according to the standard procedures [1]. Others were E. 

Merck reagents and used as such. The solvents used for the spectral 

studies were of spectroscopic grade.  

3. Other reagents  

Other main reagents used in this work were N-methylaniline, carbon 

disulphide, sodium chloroacetate, hydrazine hydrate, sodium 

hydroxide pellets, hydrochloric acid, sulphuric acid, glacial acetic acid, 

etc. Precursors of ligands such as 4-benzyloxybenzaldehyde, 4-
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hydroxy-3-methoxyacetophenone, 2,4-dihydroxybenzaldehyde and 

crotonaldehyde were purchased from  Sigma Aldrich or Alfa Aesar. 

They were used as such without further purification.  

4.  Synthesis of ligands  

4.1. Synthesis of N(4)-methyl(phenyl)thiosemicarbazide (MPTSC) 

N(4)-Methyl(phenyl) thiosemicarbazide was synthesized following a 

reported procedure [2]. It involves two steps: 

4.1.1.  Preparation of carboxymethyl N(4)-

methyl(phenyl)dithiocarbamate  

To a mixture consisting 12 ml (15.2 g, 0.20 mol) of carbon disulphide 

and 21.6 mL (21.2 g, 0.20 mol) of N-methylaniline, an aqueous 

solution of 8.4 g (0.21mol in 250 mL) of sodium hydroxide pellets was 

added. This solution was stirred at room temperature for about 4 hr till 

the organic layer disappeared. At this point, the resulting pale orange 

coloured solution was treated with about 23.2 g (0.20mol) of sodium 

chloroacetate, added in small portions with stirring. The stirring was 

continued for 1 hr. The solution was then allowed to stand overnight 

(for about 17 h). The resulting pale yellow solution was acidified with 

25 mL of conc. HCl and the buff coloured solid separated was 

collected and dried. (Yield 80%, M.P 197-198
0
C).  

4.1.2 Preparation of N(4)-methyl(phenyl)thiosemicarbazide  

A solution of 17.7g (0.0733mol) of carboxymethyl                                                                

N(4)-methyl(phenyl)dithiocarbamate in 20 mL of 98% hydrazine 
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hydrate and 10 mL of water was heated on a water bath for about  10 

minutes, when colourless crystals began to appear. Heating was 

continued for another 5 minutes. The cooled mixture was filtered, 

washed with water and dried under lamp. The crude product was 

recrystallized from a mixture of ethanol and water. The colourless, 

triclinic crystals formed were filtered and dried. (Yield 80%,                       

M.P 122
0
C). Mechanism of reaction pathway of N(4)-methyl 

(phenyl)thiosemicarbazide can be represented as in Scheme 1. 

 

Scheme 1. Mechanism of formation of N(4)-methyl 

(phenyl)thiosemicarbazide 

4.1.3. Preparation of thiosemicarbazones and hydrazones 

Thiosemicarbazones and hydrazones (listed below) were prepared by 

refluxing the precursors in stoichiometric ratio. The details of 

preparation of each ligand and its complexes are given in the 

respective chapter. The ligands synthesized and used in this 

investigation are: 
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➢ 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (HL) (DBMPTSC)  

➢ 4-[N,N(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  (HL) (PDBMPTSC)  

➢ 4-Benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (HL) (BBMPTSC)  

➢ 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (HL)   (AMPTSC) 

➢ Crotonaldehyde isonicotinicotinoylydrazone (HL) (CINH)  

➢ 4-[N,N(Dimethyl)amino]benzaldehyde 

isonicotinicotinoylhydrazone (HL) (PDBINH)  

 4-Hydroxy-3-methoxyacetophenone 

isonicotinicotinoylydrazone (HL) (AINH)  

 4-(4-Benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-

pyrazolo-5-one (L) 

5. Analytical methods  

Semi-microanalyses were conducted by standard methods to check the 

purity of the compounds. Carbon, hydrogen, and nitrogen estimations 

were carried out by microanalyses using EUROVECTOR EA 3000 at 

Sophisticated Analytical Instrument Facility, CSIR- Central Drug 

Research Institute, Lucknow. The percentages of metals present in the 
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complexes were determined by reported methods [3].  For the 

estimation of metal, a known amount of the complex was decomposed 

by digesting with a mixture of concentrated nitric acid and perchloric 

acid. The decomposition process was repeated twice or thrice by the 

addition of fresh concentrated nitric acid and finally with concentrated 

hydrochloric acid to confirm the completion of decomposition process. 

After cooling, it was extracted with distilled water and the solution was 

used for the estimation of the metal. Cobalt, zinc and cadmium were 

estimated by EDTA titrimetric method. Copper was estimated 

iodometrically using standard sodium thiosulphate solution [4]. Nickel 

was estimated gravimetrically. Estimation of chloride was done 

gravimetrically as silver chloride. Sulphur was estimated 

gravimetrically as barium sulphate.  

6. Physico-chemical methods  

The physico-chemical studies of the ligands and the complexes were 

carried out by using spectro-analytical techniques such as IR-, 
1
H-

NMR, ESI-MS, magnetic succesptibility measurements, single crystal 

X-ray crystallography, thermo garvimetric analysis, electron 

paramagnetic resonance- and electronic spectral studies. Detailed 

information concerning NLO-, antimicrobial- and antioxidant studies 

using the ligands are described in the respective chapters of the thesis.  

6.1. Infrared spectra  

The FT-IR spectra of the ligands and the complexes were recorded in 

KBr medium, on a Jasco FTIR 4100 spectrometer (4000-400 cm
-1

).  
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6.2. Electronic spectra  

UV-Visible spectra of the compounds were recorded on JASCO V-750 

Spectrophotometer with a scanning range of 200-900 nm.  Depending 

on the solubilities of complexes, their electronic spectra were recorded 

either in solution (10
-3

 M) or in the solid state.  

6.3. 
1
H NMR spectra  

1
H NMR spectra of the ligands and Zn(II) and Cd(II) complexes were 

recorded in DMSO-d6 by using Bruker Avance III, 400MHz with 9.4 

Tesla super-conducting magnet  spectrometer.   

6.4. Mass spectra   

Mass spectral analysis of the ligands were done at Sophisticated 

Analytical Instrument Facility, CSIR- Central Drug Research Institute , 

Lucknow  using Waters UPLC-TQD  Mass spectrometer  with a mass 

range of 100-2000 Da , Provide [M+1]+ ion or adduct ions.   

6.5. Electron Spin Resonance spectra  

EPR spectra were recorded on a Varian E-112X-band and JEOL JES-

FA200 ESR Spectrometer with X and Q band using tetracyanoethylene 

(TCNE) as a standard at Sophisticated Analytical Instrument Facility 

(SAIF), IITB, Bombay. The EPR spectra in solution at 77 K were 

recorded, using the 100 kHz field modulation; g factors were quoted 

relative to the standard marker, TCNE (g = 2.00277).  
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6.6. Magnetic susceptibility measurements  

The magnetic susceptibility measurements of the complexes were done 

at room temperature on a Gouy-type magnetic balance (Sherwood 

Scientific magnetic susceptibility balance). Hg[Co(NCS)4] was used as 

calibrant . Diamagnetic corrections, using Pascal‘s constants, were 

applied by adding the diamagnetic contributions of various atoms and 

structural units [5]. The net magnetic moments of the complexes were 

calculated in Bohr Magneton (B.M) from the corrected molar 

susceptibilities.   

 6.7. Single crystal X-ray crystallography  

Crystallographic analysis of the compounds were perfomed on Bruker 

Kappa APEXII (Mo Kα) diffractometer, at Sophisticated Test and 

Instrumentation Centre, Kochi. Direct methods were used to solve the 

structures and refined by full-matrix least-squares method using 

SHELXL-97/ SHELXL-2014/7 [6, 7]. The crystallographic tools, 

PLATON [8], ORTEP [9], DIAMOND [10] and MERCURY [11] 

were used for structure analysis and presentation of the results. 

6.8. Thermo gravimetric analysis 

Thermo gravimetric analysis of the complexes were done using a 

Perkin Elmer Simultaneous Thermal Analyser (STA 8000), at Central 

Sophisticated Instrumentation Facility (CSIF), University of Calicut.  
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1. Introduction 

Thiosemicarbazones are an important class of multidentate ligands 

with potential S and N donor sites. They have gained much importance 

because of the pharmacological activities associated with them. They 

show antitumor, antiviral and antibacterial activities[1]. They are also 

used as fungicides and pesticides[2]. Transition metal complexes of 

thiosemicarbazone have attracted special attention[3].   

Thiosemicarbazones with OH group at the ortho position to the 

azomethine group are of much interest mainly due to the presence of 

hydrogen bonds of either O-H. . .N or O. . . .H-N type and tautomerism 

between enol-imine and keto-amine forms. A detailed literature survey 

revealed that such thiosemicarbazones and their first row transition 

metal complexes show good antibacterial-, antiviral- and super oxygen 

dismutase activities[4-6]. Several thiosemicarbazones show good 

corrosion inhibition activities in acidic medium. Their inhibition 

capacity against mild steel corrosion is found to enhance with the 

introduction of groups with delocalized pi electron density on the 

thiosemicarbazone moiety[7].  

Quite contrary to these observations, most of the work reported are on 

unsubstituted thiosemicarbazones. It is found that much less work has 

been reported on that N(4) di-substituted thiosemicarbazone. 

Therefore, our attention was drawn to 2,4-dihydroxybenzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (HL) and in this chapter the 

synthesis and characterization of this new ligand, (Fig.1) and its Co(II), 

Ni(II), Cu(II), Zn(II), and Cd(II) complexes are discussed. 
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Fig.1. 2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) 

*IUPAC Name: (E)-2-(2,4-dihydroxybenzylidene)-N-methyl-

phenylhydrazinecarbothioamide. 

2. Experimental 

2.1. Materials and methods 

Details regarding the chemicals used and the methods adopted for the 

characterization of the compounds are described in Chapter II. 

2.2. Preparation of the ligand (HL)  

A mixture of N(4)-methyl(phenyl)thiosemicarbazide (0.005mol) in 

ethanol (30 ml), 2,4-dihydroxybenzaldehyde  (0.005mol) and catalytic 

amount  of glacial acetic acid was refluxed  for 4hr on a water bath. 

Slow evaporation of the solvent yielded yellow coloured single crystals 

and the product was recrystallized. The synthetic procedure of the 

ligand, 2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) is shown below in the Scheme 1. 
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2.3. Preparation of the complexes 

An ethanolic solution of metal chloride (0.025mol in 30 ml) was added 

drop wise to an ethanolic solution of HL (0.05mol in 30 ml) and 

refluxed for 4hr. The product was kept aside for slow evaporation. The 

precipitate was filtered, washed with ethanol for several times and 

dried over anhydrous calcium chloride. 

 

Scheme 1. Synthetic pathway of 2,4-dihydroxybenzaldehyde N(4)- 

                  methyl(phenyl)thiosemicarbazone (HL) 

3. Results and discussion 

The data obtained from the analytical- and physico-chemical studies 

have been used to assign the structures and geometries of the 

compounds. 
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3.1. Characterization of the ligand (HL) 

The ligand was characterized by single crystal X-ray analysis, IR, UV-

Vis and 
1
H NMR spectral techniques. 

3.1.1. Micro analytical data 

The CHNS percentages of the ligand, 2,4-dihydroxybenzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (HL) was in good agreement 

with the suggested formula, C15H15N3O2S (Table 1). It was non-

hygroscopic and stable at normal atmospheric conditions. It melted at 

179°C and was soluble in DMSO, DMF, chloroform, etc. 

Table 1. Physico-chemical and analytical data of HL 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point 

(
0
C) 

Colour 

CHNS Analysis Found % 

(Calculated)% 

C H N S 

C15H15N3O2S 65 179
0
C Yellow 

59.32 

(59.72) 

4.91 

(4.97) 

13.18 

(13.93) 

9.96 

(10.61) 

 

3.1.2. Single crystal X-ray crystallography 

Single crystals of HL suitable for X-ray analysis were obtained from its 

solution in ethanol. A crystal with the dimensions, 0.60 x 0.30 x 0.20 

mm was selected for collecting the data. It crystallized with one 

molecule per asymmetric unit into monoclinic crystal system with a 

space group of P 21/c.  X-ray crystallographic data were collected at 

296(2) K on a Bruker Model Kappa Apex II diffractometer by 
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employing graphite monochromated Mo Kα (λ = 0.71073 Å) radiation. 

Direct methods were used to solve the structure and was refined by 

least square method on F
2 

using SHELXL-97[8]. The crystallographic 

tools, PLATON[9], ORTEP[10], DIAMOND3.2d[11] and 

MERCURY3.5.1[12] for windows were used for structure analysis and 

presentation of the results. All non-hydrogen atoms were refined 

anisotropically. The details of the X-ray data collection and structure 

refinements are given in Table 2. Bond distances and angles are listed 

in Table 3.  The PLATON diagram of HL with the atom numbering 

scheme is shown in Fig.2. The packing pattern of HL is shown in Fig.3. 

Hydrogen bonding interaction parameters of HL are shown in Fig.4. 

Crystallographic data of the compound have been deposited with the 

Cambridge Crystallographic Data Centre as supplementary publication 

No.1941848. 

A torsion angle value of  -3.1(2)  corresponding to S(1)-C(8)-N(2)-

N(3) moiety confirms the syn-periplanar configuration of the S(1) 

atom with respect to azomethine nitrogen atom, N(3). A torsion angle 

of -5.7(3) corresponding to N(2)-C(8)-N(1)-C(6) moiety indicates a 

little distortion from the periplanar  configuration of  the phenyl ring 

of the thioemicarbazone part  from azomethine and aromatic aldehyde 

part. The terminal nitrogen atoms, N(1) and N(3) of the 

thiosemicarbazide fragment are in an anti-periplanar conformation 

with respect to the C(8)–N(2) with a torsion angle of  [N(1)-C(8)-N(2)-

N(3)] 176.98(16)°. Similarly, the nitrogen atoms, N(1) and N(3) of the 

thiosemicarbazide fragment are in an anti-periplanar conformation 



Chapter  3 

 

 52 

with respect to C(8)–N(2), with a torsion angle −179.16(18)
0
. The 

bond angles of C(10)–C(9)–N(3), C(8)–N(2)–N(3) and C(9)–N(3)–

N(2) are 121.10(15),  120.02(15)  and 116.70(14)
0
, respectively. It is 

an evidence for the deviation of the co-planarity of thiosemicarbazide- 

and aldehyde moieties. The bond distances, C(8)–N(1), C(8)–N(2) , 

C(9)–N(3) and N(2)–N(3) are1.337(2), 1.347(2), 1.274(2) and 1.367(2) 

Å, respectively. They are found to be intermediate between the 

analogous single [C–N, 1.47 and N–N, 1.45 Å] and double [C=N, 1.28 

and N=N, 1.25 Å] bond distances[13]. Similarly, C(11)-O(2) has a 

bond distance of 1.3573(18) A
0
   which is also consistent with the C-O 

single bond. The bond distance of C(8)-S(1) is 1.6798(17) A
0
, which is 

intermediate between single- and double bonds.  The bond angle of 

N(1)-C(8)-N(2) is 115.54(15)
0
. It is narrower when compared with the 

bond angle of N(1)-C(8)-S(1) [123.71(12)
0
]. This may be due to the 

intra-molecular hydrogen bonding between the free hydroxyl group 

and the imine nitrogen. The crystal structures are stabilized by intra-

molecular- and inter-molecular hydrogen bonding interactions[14]. 
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Table 2. Crystal data and structure refinement parameters for 

compound, HL 

Identification 

code 

shelx 

 

 

Empirical 

formula 

C15H15N3O2S  

 

Theta range for 

data collection 

2.754 - 28.453 

deg 

 

Formula 

weight 

301.36 R indices (all 

data)           

R1 = 0.0682,  

wR2 = 0.126 

Temperature 296(2) K 

 

Goodness-of-fit 

on F
2
 

0.961 

 Refinement 

method                  

Full-matrix least-

squares on F
2 

Limiting indices -7<=h<=9,  

-16<=k<=19, 

-18<=l<=18 

Wavelength 0.71073 A Extinction 

coefficient    

n/a 

Crystal size 0.60x0.30 x 0.20 

mm 

Completeness to 

theta 

25.242  100.0 

% 

Crystal 

system, 

 space group 

Monoclinic,  P 

21/c 

Reflections  

collected       

11898 

Unit cell  

dimensions 

 Independent  

reflections 

3745 [R(int) = 

0.0322] 

a (A
0
) 7.5056(5) Max. and min. 

transmission         

0.957 and 

0.878 

 

b (A
0
) 14.3457(15) Data / restraints / 

parameters     

3745 / 0 / 197 

c (A
0
)  14.1312(14)   Absorption  

coefficient 

0.223 mm
-1 

 α(°) 90 deg  F(000) 632 

β(°) 99.802(4) deg   Z 4,  1.335 

Mg/m
3 

γ(°) 90 deg. Volume 1499.3(2) A
3 
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Fig.2. The PLATON diagram of HL with atom numbering scheme 

Table 3. Selected structure parameters of HL 

Bond Length    
(Å) 

Bond Angle 

(°) 

Torsion Angles 

(°) 

C(1)-C(6) 1.376(3) C(6)-C(1)-C(2) 119.7(2) 
N(3)-C(9)-

C(10)-C(15) 

-

175.15(17) 

C(1)-C(2) 1.383(3) N(1)-C(8)-N(2) 115.54(15) 
N(3)-C(9)-

C(10)-C(11) 
5.9(3) 

C(1)-H(2) 0.9300 N(1)-C(8)-S(1) 123.71(12) 
C(9)-C(10)-

C(11)-O(2) 
-0.7(3) 

C(3)-C(4) 1.367(4) C(15)-C(10)-C(9) 119.66(15) 
O(2)-C(11)-

C(12)-C(13) 

-

179.81(17) 

C(4)-C(5) 1.380(3) O(2)-C(11)-C(12) 117.34(14) 
C(11)-C(12)-

C(13)-O(1) 
179.83(17) 

C(5)-C(6) 1.369(3) C(12)C(11)C(10) 120.39(15) 
C(11)-C(12)-

C(13)-O(1) 
179.83(17) 

C(6)-N(1) 1.441(2) O(1)-C(13)-C(14) 117.39(15) 
N(2)-C(8)-

N(1)-C(6) 
-5.7(3) 

C(7)-N(1) 1.462(2) C(8)-N(1)-C(6) 122.49(13) 
S(1)-C(8)-

N(1)-C(6) 
174.39(14) 

C(7)-H(7A) 0.9600 C(8)-N(1)-C(7) 122.12(15) 
S(1)-C(8)-

N(1)-C(7) 
-4.8(2) 

C(8)-N(1) 1.337(2) C(9)-N(3)-N(2) 116.70(14) 
N(1)-C(8)-

N(2)-N(3) 
176.98(16) 

C(8)-N(2) 1.347(2) N(2)-C(8)-S(1) 120.75(13) 
S(1)-C(8)-

N(2)-N(3) 
-3.1(2) 

C(8)-S(1) 1.6798(1) C(11)-C(10)-C(9) 122.70(15) 
C(10)-C(9)-

N(3)-N(2) 
178.31(16) 

C(9)-N(3) 1.274(2) N(3)-C(9)-C(10) 121.10(15) 
C(8)-N(2)-

N(3)-C(9) 
167.96(17) 
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C(9)-C(10) 1.435(2) C(8)-N(2)-N(3) 120.02(15) 
N(2)-C(8)-

N(1)-C(7) 
175.13(17) 

C(10)-C(15) 1.394(2) C(6)-N(1)-C(7) 115.39(14)  

 

C(10)-C(11) 1.401(2) 

 

C(11)-O(2) 1.3573(18) 

C(11)-C(12) 1.375(2) 

C(12)-C(13) 1.383(2) 

C(13)-O(1) 1.355(2) 

C(13)-C(14) 1.384(2) 

C(14)-C(15) 1.364(3) 

N(2)-N(3) 1.367(2) 

N(2)-H(2N) 0.82(2) 

O(1)-H(1A) 0.8200 

O(2)-H(2A) 0.8200 

 

3.1.3. Spectroscopic analysis  

a) Electronic spectrum 

The electronic spectrum of the ligand showed an intense band at 285 

nm due to π→π* transition of the azomethine chromophore and the 

benzene ring (intra-ligand charge-transfer transition). The band at 333 

nm in the spectrum may be attributed to n →π* transition. The data are 

given in Table 4. 
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Fig.3. Packing pattern of HL 

 

 

Fig.4. H-bond interactions (shown as dashed lines) of HL 
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Fig.5. Electronic spectrum of HL 

 

Table 4. Electronic spectral bands of HL 

 Spectral bands (nm)      Assignments 

285 π→π* transition  

333 n→π* transition  

 

b)  Infrared spectrum 

The important vibrational bands of the ligand with the tentative 

assignments are given in the Table 5 and Fig.6. Thioamide (NH–C=S–) 

group in the ligand indicated the possibility of thione-thiol 

tautomers[15]. A band of medium intensity at 3290 cm
-1

 due to 

asymmetric stretching of the secondary –NH group of the thioamide 

part ruled out the existence of the ligand as a thiol tautomer[16]. The 

presence of a band at 836 cm
-1

 due to υ(C=S) and  the absence of a 

band ~ 2500 cm
-1
, characteristic of υ(S-H) confirmed the existence of 
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the ligand in thione form [17]. The band at 3055 cm
-1

 may be attributed 

to the stretching vibration of the aromatic C-H group. The presence of 

an intense band at 1626 cm
-1

 was characteristic of an azomethine 

(>C=N) group. The medium intensity band at 1040 cm
-1

 in the 

spectrum can be assigned to δ(N-N) vibration. 

 

Fig.6. IR spectrum of HL 

Table 5. Significant IR spectral bands (in cm
-1

) of HL 

Bands (cm
-1

) Assignments 

3290 υ(N-H) 

3055 υ(C-H)  (aromatic) 

1626 υ(C=N) 

1040 δ (N-N) 

836 υ(C=S) 
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c) 
1
H NMR spectrum  

The 
1
H NMR spectrum of the ligand was recorded in DMSO-d6. There 

was a sharp singlet peak at 11.54 ppm due to N-H proton attached to 

azomethine group (Table 6). A sharp signal at 3.58 ppm was 

assignable to CH3 protons on the terminal N-atom. The phenolic 

proton (O–OH) showed a singlet at 10.84 ppm and a signal at 8.25 

ppm represented the phenolic proton (p–OH). The proton attached to 

azomethine moiety resonated at 9.87 ppm. The multiplet signals 

appeared in the range of 7.49–6.26 ppm were attributed to eight 

aromatic protons. A solvent peak observed near to 2.5 ppm. 

Table 6. 
1
H NMR assignments of HL 

 

 

 

 

 

     δ (ppm) Assignments 

          11.54 N-H proton  

         10.84 Ar-OH group (ortho) 

          9.87 Azomethine hydrogen 

         8.25 Ar-OH group (para) 

7.49 - 6.26 (m)   Aromatic protons 

        3.584 -CH3 group on terminal nitrogen atom 
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Fig.7. 
1
H NMR spectrum of HL 

3.2. Characterization of the complexes 

2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

(HL) formed stable complexes with Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) ions. These complexes were soluble in chloroform, DMSO, 

DMF, etc. They were characterized as follows; 

3.2.1. Analytical data of metal complexes 

The analytical data and physical properties of all the complexes are 

listed in Table 7. The ligand on interaction with Co(II), Ni(II), Cu(II), 

Zn(II) and Cd(II) formed complexes with moderate yields. All the 
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complexes were found to be non-hygroscopic and stable at normal 

atmospheric conditions. They all had sharp melting points which 

indicated their purity. The purity was also checked by TLC method. 

Elemental analytical data of all the complexes were in good agreement 

with the suggested molecular formulae. The general formula of the 

complexes was found to be [M(HL)2Cl2].H2O, where M = Ni(II) or 

Cu(II). The Co(II) complex was found to be [M(HL)2]Cl2.H2O. The 

Zn(II) and Cd(II) complexes were of the type, [Zn(HL)Cl2] and 

[CdL2], respectively. 

Table 7. Physico-chemical and analytical data of the complexes 

Compound 
Colour 

 

Yield 

(%) 

M.P 

(
0
C) 

Elemental Analysis (%) found 

(calculated) 

C H N S Metal 

[Co(HL)2]Cl2.H2O Black 60 192 
47.21 

(47.96) 

4.01 

(4.26) 

11.01 

(11.19) 

7.98 

(8.52) 

7.41 

(7.85) 

[Ni(HL)2Cl2].H2O 
Reddish 

orange 
63 197 

47.21 

(47.98) 

4.00 

(4.26) 

11.02 

(11.19) 

8.23 

(8.53) 

7.29 

(7.82) 

[Cu(HL)2Cl2].H2O 
Dark 

green 
61 189 

47.03 

(47.67) 

4.01 

(4.24) 

11.10 

(11.12) 

8.19 

(8.47) 

7.89 

(8.41) 

[Zn(HL)Cl2] Yellow 60 186 
41.01 

(41.16) 

3.99 

(3.43) 

9.60 

(9.61) 

7.30 

(7.32) 

14.98 

(14.94) 

[CdL2] White 68 
191 

 

50.03 

(50.34) 

4.35 

(4.12) 

11.24 

(11.74) 

 

8.92 

(8.95) 

15.20 

(15.72) 

 

 

3.2.2. Electronic spectra and magnetic moments 

The electronic spectra of   the metal complexes mostly comprised of d-

d transition bands of metal ions and charge-transfer bands involving 

electronic transitions between metal ions and ligands i.e., LMCT or 
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MLCT [18]. It mainly gives idea about the geometry around the metal 

ion in the complex. The weak intensity of the peaks can be attributed to 

forbidden transitions [19]. The effective magnetic moments of the 

complexes were calculated in Bohr Magneton (B.M) from the 

corrected molar susceptibility values that were obtained after applying 

the diamagnetic corrections to them. These corrections were done for 

the atoms and structural units using Pascal‘s constants. Generally, The 

transition metal complexes give spin-only magnetic moment values 

depending upon the number of unpaired electrons in them. But in a few 

cases, they show aberrations from these spin-only values which can be 

assigned to spin-orbit coupling or orbital contributions. Hence, the 

magnetic moment values of a metal complex not only contribute 

information about the number of unpaired electrons and the orbitals in 

which they are present, but also help us to assign the oxidation state of 

the metal and thus, to predict  the possible structure and  geometry   of 

the complex.  

The electronic spectra of the ligand and its complexes (Fig.8) were 

recorded in solid state. The absorption band position and band 

assignments of the complexes are given in the Table 8. Generally, 

Co(II) complexes have octahedral, square planar or tetrahedral 

structures. Octahedral Co(II) has 
4
T1g the ground state  term with three 

spin-allowed transitions,   

4
T1g(F) → 

4
T1g(P), 

        4
T1g(F) → 

4
A2g(F) and 

4
T1g(F) → 

4
T2g(F). 
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Coordination geometry of Co(II) complexes are can be predicted from 

the  observed magnetic moment values. Even though octahedral and 

tetrahedral Co(II) complexes have same number of unpaired electrons, 

they can be distinguished by the extent of deviation of the effective 

magnetic moment values (μeff) from the spin-only value. High-spin 

octahedral Co(II) complexes with 
4
T1g as the ground state term have 

significant orbital contribution and show magnetic moment values 

between 4.70 and 5.20 B.M at room temperature. This value is higher 

than the predicted spin-only value of 3.87 B.M for three unpaired 

electrons [20]. This could be due to the effect of spin-orbit coupling. 

Low-spin octahedral Co(II) complexes with  
2
Eg ground term have  no 

orbital contribution. The reported magnetic moments of such 

complexes are in the range of 1.80-1.90 B.M, i.e., close to 1.72 B.M, 

the spin-only value for one unpaired electron [21]. Square planar 

complexes of Co(II) are always low-spin(S=1/2) and show magnetic 

moments in the range of 2.20-2.70 B.M which is rather higher than the 

expected spin-only value for one unpaired electron (1.73 B.M).
.
 This 

could be due to spin-orbit coupling [20]. Tetrahedral Co(II) complexes 

with 
4
A2 ground term have  no orbital contribution. The expected 

magnetic moment value is 3.87-4.7 B.M, which is close to the spin-

only value for three unpaired electrons. 

Due to spin-orbit coupling, usually the spectrum of Co(II) complex has 

poor resolution and hence it is complicated. Among the transitions, 

4
T1g(F)→

4
T1g(P) refers to highest energy transition (lower 

wavelength).  In octahedral complexes, the spin allowed transition, 
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4
T1g(F) →

4
T2g(F)  generally occurs  in the near infrared region. The 

Co(II) complex showed three absorption bands at  277, 490 and 688 

nm. In the case of Co(II) complexes,  dark colour together with weak 

and broad bands in the spectra in the range 1000-1200 nm are 

characteristic of square-planar geometry. They may be due to 
2
A1→ 

2
E 

at higher energy and 
2
A1 → 

2
B1 at lower energy region. In this study, 

the Co(II)  showed a broad band at 688 nm which can be assigned to 

2
A1 → 

2
E transition.  The bands at 490 and 277 nm can be assigned to 

intra-ligand charge-transfer transitions, n→π* and π→π*, respectively.  

The magnetic moment value of this complex, 2.14 BM, confirmed the 

square planar environment around the metal ion. 

The electronic spectra of octahedral Ni(II)complexes show the 

following  characteristic spin- allowed transitions:   

   3
A2g(F) → 

3
T2g(F)    

   3
A2g(F) → 

3
T1g(F) 

   3
A2g(F) → 

1
Eg(D) 

  
3
A2g (F) → 

1
A1g(G)  and  

  3
A2g(F) → 

3
T1g(P).   

The transition, 
3
A2g(F)→

3
T2g(F) is  usually found in the infrared 

region.  A close pair of bands corresponding to the  transitions, 

3
A2g(F)→

3
T1g(F)  and 

3
A2g(F)→

1
Eg(D),  followed by a weaker  

transition, 
3
A2g(F)→

1
A1g(G) and a stronger one due to

  

3
A2g(F)→

3
T1g(P) transitions are found in the blue end of the electronic 
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spectrum. Six-coordinate octahedral Ni(II) complexes have 
3
A2g  

ground term in both high-spin and low-spin states.  

Octahedral bivalent nickel complexes show the magnetic moment 

values in the range, 2.90-3.30 B.M. They are slightly higher than the 

spin-only value for two unpaired electrons. As the ground term is 
3
A2g 

there can be no orbital contributions. However, a little higher values of 

the magnetic moment are due to the spin-orbit coupling or higher state 

mixing with the ground state term. For tetrahedral Ni(II) complexes, 

the experimental values of magnetic moments fall in the range of 3.60-

4.10 B.M[22]. The observed higher values of the moment than the 

spin-only value for the two unpaired electrons are owing to the orbital 

contribution of the spin-triplet (
3
T1) ground term. If the distortions in 

the field of coordinated ligands are large, the magnetic moments with 

small orbital contributions may result and give rise to an observed 

moment value as low as 3.20 B.M [23]. Four-coordinate square-planar 

Ni(II) complexes have spin-singlet ground term and are diamagnetic.  

In the present case, Ni(II) complex showed three spin-allowed 

transitions,  
3
A2g(F)→ 

3
T1g(P), 

3
A2g(F)→ 

3
T1g(F) and 

3
A2g(F)→

3
T2g(F) 

with bands at 311, 573 and 865 nm  respectively, indicating its 

octahedral geometry. A magnetic moment value of 2.76 B.M for the 

present Ni(II) complex confirmed its octahedral geometry. 

The spectroscopic ground state term of copper(II) is 
2
D. When the 

symmetry of copper(II) complex lowers from octahedral  to D4h or C4v, 

the energy levels again split and give more transitions [16]. As a result, 

the electronic spectrum of a Cu(II) complex becomes more 
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complicated. As per literature, copper(II) complexes have bands in the 

range 307 and 304 nm, which may be assigned to π→π* 
transitionsof 

phenyl rings. LMCT transitions (due to the combination of S→Cu and 

N→Cu) are observed in the range, 423-409 nm [24]. In the case of 

octahedral Cu(II) complexes which are usually dark blue or green 

coloured due to the absorption bands present in 200-900 nm region, 

which is corresponding  to   
2
Eg→

2
T2g transition [25]. The band 

produced thereby will be a broad one due to Jahn-Teller effect [26]. A 

regular octahedral Cu(II) complex with a ground term 
2
T2g, has an 

observed magnetic moment value in the range, 1.80-2.10 B.M. This is 

somewhat higher than the spin–only value of 1.73 B.M, corresponding 

to one unpaired electron. The slightly higher value may be due to spin-

orbit coupling. For a tetrahedral Cu(II) complex, the predicted 

magnetic moment value is around 2.20 B.M. The observed value of 

magnetic moment fall in the range, 1.95-2.00 B.M [27]. Most of the 

square planar Cu(II) complexes exhibit a single broad asymmetric d–d 

band in the region, 625–1388 nm [28] and the broadness of the band is 

due to the combination of the three spin–allowed transitions, 

2
B1g→

2
A1g, 

2
B1g→

2
B2g, and 

2
B1g→

2
Eg. 

In the electronic spectrum of [CuL2Cl2].H2O, a broad band observed at 

639 nm, may be due to the electronic transition, 
2
Eg→

2
T2g. This 

observation is consistent with octahedral geometry of the complex. The 

Cu(II) complex of HL registered a magnetic moment of 1.92 B.M, 

supporting its octahedral structure. The complexes of Zn(II) and Cd(II) 

were found to be diamagnetic. 
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3.2.3. IR spectra and mode of bonding 

The IR spectral investigation is used to assign structures and 

geometries of the compounds by identifying the bands corresponding 

to the important functional groups. Generally, coordination of a ligand 

to a metal ion results in an appreciable shift in absorprtion bands of 

ligand with respect to the metal complexes formed. The significant IR 

spectral bands of the ligand and the complexes (Fig.9) together with 

their possible assignments are given in the Table 9. 

Table 8. Electronic spectral bands of the complexes. 

      Compound Spectral  bands    Assignments  

       λmax(nm)  

      [Co(HL)2 ]Cl2.H2O 

 

 

     277 * 

     490     n*    

     688 
  2

A1 → 
2
E 

      [Ni(HL)2Cl2].H2O 

 

 

      311   3
A2g(F)

3
T1g(P) 

      573br   3
A2g(F)

3
T1g(F) 

      865   3
A2g(F)

3
T2g(F) 

       [Cu(HL)2Cl2].H2O        639br 
      2

Eg→
2
T2g 

br= broad 

The probable assignments of the bands were made in comparison with 

the spectra of similar type of compounds. The IR spectra of all the 

compounds showed broad bands in the region, 3200–3600 cm
-1

, 

assignable to intra-molecular hydrogen bonded –OH groups. The 

appearance of bands in this region in the spectra of all the complexes 

pointed out that the –OH groups have not involved in coordination. 
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Here, strong and broad absorption in the region 3224-3413 cm
-1

 of all 

the complexes except that of Co(II) also provided evidence for the 

presence N-H group or lattice water molecules in them. A strong IR 

band at 1626 cm
-1

 may be assigned to azomethine group present in the 

ligand. 

 

Fig.8. Electronic spectra of a)[Co(HL)2]Cl2.H2O b)[Ni(HL)2Cl2].H2O 

and c)[Cu(HL)2Cl2].H2O 

 

On coordination of the ligand, this band underwent a shift to lower 

frequencies (1599-1618cm
-1

) indicating the coordination of the 

nitrogen of azomethine (C=N) group. Coordination of azomethine 
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nitrogen weakens the bond order between the carbon and nitrogen, 

shifting the band due to its vibration to lower frequencies[29].  A 

medium intensity band at 836 cm
-1

 in the ligand spectrum can be 

assigned to pure υ(C=S) mode[30]. The shift of this band to lower 

frequency region (around 800 cm
-1

) in the spectra of all the complexes, 

except that of Cd(II) supports the participation of the thiocarbonyl 

sulphur (C=S) in coordination to the central metal ions [31]. However, 

in the spectrum of Cd(II) complex, this band suffers a large lowering 

(approximately 120 cm
-1

). The position of a new band at 715 cm
-1

 in 

the spectrum of this complex suggests the presence of C-S-M, formed 

by the enolisation of –NH-C=S group in the ligand to –N=C-SH and 

coordinations to the Cd(II) through S
-
 after deprotonation [32]. This is 

further supported by the appearance of weak new bonds around 550 

cm
-1

 in the spectra of the complexes due to υ(M-N).  

Table 9. IR spectral assignments of ligand and metal complexes 
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Fig.9. IR spectra of a)[Co(HL)2Cl2].H2O b)[Ni(HL)2Cl2].H2O 

c)[Cu(HL)2Cl2].H2O d) [CdL2] 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

The spectrum of the Cu(II) complex in DMSO solution at liquid 

nitrogen temperature (77K) at X-band frequency in the region 8.75-

9.65 GHz with 100 kHz field modulation was recorded. It provides 

information which is useful to understand the stereochemistry around 

the metal ion. The Cu(II) ion with a spin angular momentum, ms = 

±1/2 and  an effective spin of S = 3/2, gives a doubly degenerate spin 

state in the absence of the magnetic field. The degeneracy between 

these states is disturbed in the presence of magnetic field and the 

energy difference between them is given by, E = hv = gβB, where h is 

the Planck‘s constant, v is the frequency, g is the Lande‘s splitting 
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factor (equals to 2.0023 for a free electron), β is the Bohr Magneton 

and B is the magnetic field strength. 

The solution spectrum shows four hyperfine spectral lines 

characteristic of a monomeric Cu(II) complex.  The g-tensor value can 

be used to derive the ground state. For this complex, the observed 

value of 𝑔‖ was 2.35 and g┴ was 2.03. The trend, 𝑔‖> g┴ > 2.0023 

observed for the complexes indicates that the unpaired electron is 

localised in d𝑥
2
−𝑦

2 
orbital of Cu(II) ion. In octahedral geometry, the 

unpaired electron lies in d𝑥
2
−𝑦

2 
orbital. If the trend is g┴>𝑔‖>2, the 

unpaired electron lies in the dz
2
 orbital giving 

2
A1g as the ground state. 

The 𝑔‖ value is an important function for indicating covalent character 

of M-L bond [33]. According to Neiman and Kivelson [34], 𝑔‖ less 

than2.3 indicates covalent character while greater than 2.3 indicates 

ionic character of the metal-ligand bond in complexes. Here, ESR 

spectrum showed the 𝑔‖ value of complex as slightly greater than 2.3, 

indicating a small amount of ionic character of the copper-ligand bond. 

The exchange interaction between the copper centers in polycrystalline 

sample is explained by Hathaway expression G= (𝑔‖-2)/(g⊥-2). 

According to Hathaway and Tomlinson [35], if the value of G is 

greater than 4, the exchange interaction between copper(II) centers is 

negligible, whereas when it is less than 4, a considerable exchange 

interaction exists. Here, a value of G>4.0, indicated negligible 

exchange coupling in complex (G= 11.83). No signal at half field was 

observed in the spectrum, ruling out the possibility of a dimeric form 

[36]. 
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Fig.10. X-Band ESR spectrum of [Cu(HL)2Cl2].H2O complex at LNT 

in DMSO 

3.2.5. 
1
H NMR spectrum of [Zn(HL)Cl2] 

The 
1
H NMR spectrum of the Zn(II) complex was recorded in DMSO 

at room temperature(Fig.11). A singlet at 11.55 ppm can be assigned to 

N–H proton. Another singlet observed at 9.85 ppm can be assigned to 

azomethine proton. Aromatic protons showed a multiplet peaks in the 

region, 7.49–6.25 ppm. 
4
N–CH3 protons absorbed at 3.38 ppm.  The 

two singlets at 10.87 and 8.25 ppm are assigned to ortho and para 

hydroxyl protons, respectively. This ruled out the possibility of 

coordination of hydroxyl group to Zn(II) ion. 
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Fig.11. 
1
H NMR spectrum of Zn(HL)Cl2 

3.2.6. Thermo gravimetric analysis 

Thermo gravimetric analysis of the metal complexes provides idea 

about their thermal stabilities. It is also useful to confirm whether the 

water molecules (if present) are coordinated or not to the central metal 

ion. The complex, [Co(HL)2]Cl2.H2O, showed two stages of 

decomposition at 67°C and between 229-368°C. The first stage of 

decomposition was at 67
0
C with weight loss of 2.01% (calcd. 2.39%) 

which may be due to the loss of one molecule of lattice water.  The 

second stage of decomposition was in between 229 and 368°C with a 

weight loss of 19.42% which may be due to the successive degradation 

of the ligand. The residual mass left behind at 486°C was 7.57% which 

may be due to the formation of CoO (calcd. 9.98%). 
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In [Ni(HL)2Cl2].H2O, three decomposition stages were observed. 

Initial mass loss of 1.44% (2.3%) at 92
0
C corresponded to the loss of 

one lattice water molecule. The second stage was at 190–391°C and 

demonstrated a mass loss of 28.72%. A residual mass of 12.88% 

(calcd. 12.09%) was left which may be due to the formation of a nickel 

sulphide. 

[Cu(HL)2Cl2].H2O registered the first stage of decomposition at 75.5°C 

with a weight loss of 1.32% (calcd. 2.3%) which may be due to the 

elimination of one water molecule in the lattice. The next stage of 

decomposition occurred in the temperature range, 173–230°C with a 

mass loss 10.09% due to the decomposition of the ligand moiety. A 

residual mass of 11.56% may be due to the formation of CuS (calcd. 

12.66%). 

The Cd(II) complex showed two stages of decomposition. The first 

decomposition stage occurred at 91
0
C with weight loss of 1.44% 

(calcd. 2.45%) which may be due to moisture. The decomposition 

stage in the range of 178-486
0
C may due to the decomposition of the 

ligand moiety. 
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 Fig.12. TG curves of a) [Co(HL)2]Cl2.H2O b)[Ni(HL)2Cl2].H2O 

c)[Cu(HL)2Cl2].H2O and d)[CdL2] 

4. Conclusions 

We were able to obtain single crystals of 2,4-dihydroxybenzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (HL). The synthesis and 

characterisation of its Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) 

complexes are also discussed. The Co(II) complex was assigned square 

planar geometry. The Ni(II) and Cu(II) complexes were assigned 

octahedral geometries based on spectroscopic- and magnetic studies. 

Based on the elemental analyses, IR and NMR spectral data, Zn(II) and 

Cd(II) complexes were assigned tetrahedral geometry. According to IR 

and 
1
H NMR spectral data, HL was found to function as neutral 

bidentate ligand in all the complexes, except that of Cd(II), where it 
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was acted as monoanionic bidentate one. The structures of complexes 

are presented in Fig.13-16. 

 

Fig.13. Proposed structure of  the Co(II) complex, [Co(HL)2]Cl2.H2O 

 

Fig.14. Proposed structure of the complexes, [M(HL)2Cl2].H2O                                                     

M= Ni(II) or Cu(II). 
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Fig.15. Proposed structure of  the Zn(II) complex, [Zn(HL)Cl2] 

 

 

Fig.16. Proposed structure of the Cd(II) complex, [CdL2] 
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1. Introduction 

Thiosemicarbazones of substituted carbonyl compounds show marked 

differences in their donor properties compared to those of 

unsubstituted ones. Moreover, the biological activities of 

thiosemicarbazones are found to be considerably enhanced by the 

presence of certain substituents on the carbonyl compounds [1]. It is 

also observed that substitution on terminal nitrogen atom of the 

thiosemicarbazide moiety raises the biological activities of such 

compounds [2]. 

By virtue of the unique structural features of 4-[N,N-

(dimethyl)amino]benzaldehyde, it finds several applications in the 

fields of analytical chemistry and corrosion inhibition processes.  

Karthikeyan et al[3] proposed 4-[N,N-(dimethyl)amino]benzaldehyde 

thiosemicarbazone (DMABT)  as an analytical reagent for the 

extractive spectrophotometric determination of copper(II).  

Parameshwara et al[4]  also  reported that  DMABT can function as a 

sensitive and selective sensor  for the spectrophotometric 

determination of palladium(II). 

However, a detailed literature survey revealed that no work has been 

reported on 4-[N,N-(dimethyl)amino]benzaldehyde N(4) di-substituted 

thiosemicarbazone (HL) (Fig.1). Hence, in the current work the 

complexes of Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) with this ligand 

were prepared and characterized. 
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Fig.1. 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazon (HL) 

*IUPAC Name: (Z)-2-(4-(dimethylamino)benzylidene)-N-methyl-N- 

phenylhydrazinecarbothioamide 

 

2. Experimental  

2.1. Materials and methods 

A detailed description about the materials, methods and 

characterization techniques used in this work are given in Chapter II of 

Part I. 

2.2. Preparation of the ligand (HL)   

N(4)-methyl(phenyl)thiosemicarbazide (0.1mol) dissolved in hot 

ethanol was added slowly to a hot ethanolic solution of 4-[N,N-

(dimethyl)amino]benzaldehyde (0.1mol) and stirred for  15 minutes in 

the presence of 2-3 drops of glacial acetic acid. The resulting yellow 

coloured solution was kept for evaporation. The solid mass obtained 

was filtered and washed several times with ethanol and followed by 

diethyl ether. It was dried under vacuum. The product was 
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recrystallized from ethanol (Yield = 65%, M.P = 172
0
C). The synthetic 

pathway of the ligand is shown below in Scheme 1. 

 

Scheme 1.    Synthetic pathway of 4-[N,N-(dimethyl)amino] 

benzaldehyde   N(4)-methyl(phenyl)thiosemicarbazone 

(HL) 

 

2.3. Preparation of the metal complexes  

Hot solution of metal chloride (0.001 M) in ethanol (20cm
3
) was added 

to a hot solution of the ligand (0.002 M) in ethanol (20cm
3
). The 

solution mixture was heated under reflux on a water bath for 4hr. On 

cooling, the coloured complexes precipitated out. The complexes 

obtained were filtered, washed with ethanol and diethyl ether and 

dried. The purity of the complexes were checked by TLC method. 
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3. Results and discussion 

The data obtained from the characterization studies have been 

correlated to explain the properties, structures and bondings of the 

compounds. 

3.1. Characterization of the ligand (HL) 

3.1.1. Micro analytical data 

The intense yellow coloured ligand in powder form registered a 

melting point of 172
0
C. It was soluble in chloroform, DMF, DMSO 

and partially soluble in ethanol. The suggested formula for the ligand, 

C17H20N4S was in good agreement with the CHNS percentages (Table 

1). 

Table 1. Physico-chemical and analytical data of HL 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point 

(
0
C) 

Colour 

CHNS Analysis Found % 

(Calculated)% 

C H N S 

C17H20N4S 65 172
0
C 

Intense 

Yellow 

65.01 

(65.38) 

6.12 

(6.41) 

17.20 

(17.95) 

9.99 

(10.25) 

  

3.1.2. Spectroscopic analysis  

a) Electronic spectrum 

The electronic absorption spectrum of the ligand in DMF was recorded 

in the range 200–900 nm (Fig.2). It shows two absorption maxima. The 

intense absorption peak at 264 nm is due to π→π* transition. The band 
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at 363 nm in the ligand spectrum may be attributed to n→π* transition. 

The data are given in Table 2.  

 

Fig.2. Electronic spectrum of HL 

Table 2. Electronic spectral bands of HL 

b)  Infrared spectrum  

IR spectra of the ligand is depicted in the Fig.3 and the spectral data 

are listed in the Table 3. In the spectra of the ligand, the absorption 

bands due to υ(N-H) appear at 3252 and 3166 cm
-1

. Usually, 

thiosemicarbazones can coordinate as either a neutral (thione) or as a 

mono-anionic(thiolate) ligand[5]. The band at 815 cm
-1

 corresponds to 

Spectral bands 

(nm) 

Assignments 

264 π→π* transition 

363 n →π* transition 
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υ(C=S). The presence of an intense band at 1596 cm
-1

 is characteristic 

of an azomethine (>C=N) group.  The band due to υ(C=S)+ υ(C= N) + 

υ(C-N) vibration observed at 1370 cm
-1

 and that due to υ(N-C-S)+ 

υ(C-S) vibration was present at 1175 cm
-1

. (N-N) bending vibration 

occurred at 1062 cm
-1

. The absence of an absorption band in the 

region, 2600-2500 cm
-1

 (corresponding to υ(S-H) group) indicates that 

the thione form of the ligand exists in the solid state[6]. Most of the 

vibrational bands appear to be strongly overlapped and only the major 

ones are indicated in Table 3. 

 

Fig.3. IR spectrum of HL 
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Table 3. IR spectral assignments (in cm
-1

) of HL 

 Bands (cm
-1

) Assignments 

  3252, 3166 υ(N-H) 

       2992                            υ(C-H) (aromatic) 

       1596 υ(C=N) 

       1370 υ(C=S)+ υ(C= N) + υ(C-N) 

       1175 υ(N-C-S)+ υ(C-S) 

       1062 δ (N-N) 

        815 υ(C=S) 

 

C)  
1
H NMR spectrum 

The NMR spectrum of the ligand was recorded in CDCl3. The major 

NMR shifts are shown in Table 4. The spectrum showed a sharp 

singlet at 11.63 ppm. This may be due to hydrazide N-H proton. 

According to literature reports, it is expected between 13-15ppm for 

the E form and between 9-12ppm for the Z form and therefore, in the 

present case the ligand exists as the Z isomer[7]. There is no signal of 

thiol proton (-SH group) which is expected around 4 ppm confirming 

thione form of the ligand in a polar solvent. The azomethine proton 

showed a sharp singlet peak at 9.13 ppm. The peak at 3.56 ppm 

corresponds to protons of the methyl group on the terminal   nitrogen.  

The peak at 2.97 ppm is attributed to methyl protons of dimethyl 

amino groups which are chemically and magnetically equivalent ones. 
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Table 4. 
1
H NMR data of HL 

δ (ppm) Assignment 

11.63  N-H  proton  

7.94 – 6.72 (m) Aromatic protons 

9.135 Azomethine proton  

3.568 -CH3 group on terminal nitrogen atom 

2.97 -CH3 protons (NMe2)  

 

3.2. Characterization of the metal complexes 

Ligand formed stable complexes with Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) ions. All the complexes were found to be non-hygroscopic and 

stable at room temperature. These complexes were insoluble in ethanol 

and water, but were readily soluble in chloroform, DMSO, DMF, etc. 

3.2.1. Analytical data of metal complexes 

The analytical data and physical properties of the ligand and its 

complexes are listed in Table 5. All the complexes were intensely 

coloured due to the presence of sulphur-to-metal charge-transfer bands. 

Elemental analytical data of all complexes were in good agreement 

with the suggested molecular formulae. The complexes were found to 

have a general formula [M(HL)2Cl2], where M = Ni(II), Cu(II) or  

Zn(II) and  for the Co(II) complex, formula was found to be 

[Co(HL)2]Cl2.H2O,  where HL is the bidentate neutral ligand. 

However, in the case of Cd(II) complex, the formula was found to be, 

Cd(L)2 where L
-
 is the bidentate monoanion of HL. 
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Fig.4. 
1
H NMR spectrum of HL 

Table 5. Physico-chemical and analytical data of the complexes 

Compound 
Colour 

 
Yield 

(%) 

MP 

(
0
C) 

Elemental Analysis (%) found 

(calculated) 

C H N S Metal 

C17H20N4S 
Intense 

yellow 
70 172 

65.01 

(65.38) 

6.12 

(6.41 

17.20 

(17.95) 

9.99 

(10.25) 
- 

[Co(HL)2]Cl2. H2O  
Dark 

brown 
68 182 

52.81 

(52.86) 

5.56 

(5.18) 

14.51 

(14.51) 

8.25 

(8.29) 

7.80 

(7.63) 

Ni(HL)2 Cl2 
Brownish 

black 
74 184 

54.01 

(54.09) 

5.12 

(5.30) 

14.25 

(14.84) 

8.12 

(8.48) 

7.68 

(7.78) 

Cu(HL)2 Cl2 Black 78 179 
53.28 

(53.79) 

5.05 

(5.27) 

14.02 

(14.76) 

8.14 

(8.43) 

8.01 

(8.37) 

Zn(HL)2 Cl2 
Light 

yellow 
82 186 

52.53 

(53.66) 

5.04 

(5.26) 

14.21 

(14.73) 

8.07 

(8.41) 

8.41 

(8.59) 

 Cd(L)2 
White 

 

76 

 

181 

 

55.01 

(55.40) 

4.99 

(5.43) 

14.89 

(15.21) 

8.21 

(8.69) 

16.75 

(15.26) 
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3.2.2. Electronic spectra and magnetic moments 

The electronic spectra of the ligand and its complexes (Fig.8) were 

recorded in solid state. The absorption band positions and band 

assignments of the complexes are given in the Table 8. The Co(II) 

complex showed absorption bands at  363 and 535 nm. The dark 

colour of the Co(II) complex together with weak and broad bands in 

the spectra are characteristic of square planar geometry. In this study, 

the Co(II)  showed a broad band at 535 nm which can be assigned to 

2
A1 → 

2
E transition.  The band at 363 nm can be assigned to intra-

ligand charge-transfer transition.  The magnetic moment value of this 

complex, 1.72 BM, confirmed the square planar environment around 

the metal ion[8]. 

Octahedral Ni(II) ion with d
8 

configuration has  
3
A2g ground state. The 

spin-allowed transitions and bands present in the spectrum of the 

present Ni(II) complex are, 

3
A2g(F) → 

3
T2g(F) ~ 880 nm 

3
A2g(F) → 

3
T1g(F)  ~ 685 nm 

3
A2g(F) → 

3
T1g(P)  ~ 517 nm 

The bands present at 356 and 254 nm can be assigned to intra-ligand 

charge-transfer transitions, n→π*, π→π* respectively. Its effective 

magnetic moment value, 2.83 B.M is consistent with the spin-only 

value expected for two unpaired electrons of an octahedral Ni(II)  

complex[9]. 
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The spectroscopic ground state term of copper(II) is 
2
D. In an 

octahedral field it splits into two levels, 
2
T2g and 

2
Eg.  The present 

Cu(II) complex showed a broad band at 597 nm.  It may be due to 

2
Eg→

2
T2g transition [10], typical of a Cu(II) complex with distorted 

octahedral geometry. The Cu(II) complexes with distorted octahedral 

geometry have magnetic moment values slightly higher than the spin-

only value of, 1.73 B.M[11]. The Cu(II) complex obtained here 

showed a magnetic moment of 1.95 B.M. On the basis of electronic 

spectra and magnetic susceptibility measurements, a distorted 

octahedral geometry is suggested for the present Cu(II) complex. As 

expected, the Zn(II) and Cd(II) complexes have no characteristic 

absorption bands in the visible region and are diamagnetic in nature. 

On the basis of analytical data, the Zn(II) and Cd(II) complexes are 

assigned octahedral- and tetrahedral geometries, respectively[12]. 

 
Fig.5. Electronic spectra of a) [Co(HL)2]Cl2.H2O b) Ni(HL)2Cl2 c) 

Cu(HL)2Cl2 
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Table 6. Electronic spectral bands and their assignments of the 

complexes 

      Compound Spectral  bands    Assignments  

       λmax (nm)  

      [Co(HL)2]Cl2.H2O       535br 
    2

A1 → 
2
E   

      Ni(HL)2Cl2 

 

 

 

 

      254    π→π*  

      356    n→π*  

      517 
   3

A2g(F) → 
3
T1g(P) 

      685  
    3

 A2g(F) → 
3
T1g(F) 

      880 
    3

A2g(F) → 
3
T2g(F) 

       Cu(HL)2Cl2       597br      
2
Eg → 

2
T2g 

 

3.2.3. Infrared spectra and mode of bonding 

The spectral analyses were performed on the ligand and its complexes 

in the same experimental conditions to compare the frequency changes 

on coordination. Generally, the absorption bands of ligand undergo 

shift from their positions to lower frequency region upon coordination 

to metal centers. This in turn helps to identify the coordinated atoms of 

the ligand. The significant IR spectra of the ligand (Fig.3) and 

complexes (Fig.6) along with their probable assignments are depicted 

in the Table 6. 

A sharp band at 1596 cm
-1

in the ligand spectrum is found to be shifted 

to about 10-21 cm
-1 

lower frequency region on complexation. This 

indicates the involvement of azomethine nitrogen in coordination [13, 

14]. This is further supported by the appearance of weak new bonds 

around 518 cm
-1

 in the spectra of the complexes due to υ(M-N).   

A medium intensity band at 815 cm
-1

 in the ligand spectrum can be 

assigned to pure υ(C=S) mode. The shift of this band to lower 

frequency region (around 800 cm
-1

) in the spectra of all the complexes, 
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except that of Cd(II) supports the participation of the thiocarbonyl 

sulphur (C=S) in coordination to the central metal ions [15]. However, 

in the spectrum of Cd(II) complex, this band supports a large lowering 

(approximately 190 cm
-1

). The position of a new band at 625 cm
-1

 in 

the spectrum of this complex suggests the presence of C-S-M, formed 

by the enolisation of –NH-C=S group in the ligand to –N=C-SH and 

coordinations to the Cd(II) through S
-
 after deprotonation. Therefore, 

the ligand coordinates as a neutral, bidentate (through the imino 

nitrogen and thiocarbonyl sulphur) one in the complexes of Co(II), 

Ni(II), Cu(II) and Zn(II). However, in the case of Cd(II),  the ligand 

coordinates  in a bidentate monoanionic (through the imino nitrogen 

and thiolate sulphur) manner. 

 

Fig.6. IR spectra of  a) [Co(HL)2]Cl2.H2O b) Ni(HL)2Cl2  c) 

Zn(HL)2Cl2  d) Cd(HL)2 
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Table 7. IR spectral assignments of metal complexes 

Compound C17H20N4S [Co(HL)Cl2.H2O [Ni(HL)2Cl2] [Cu(HL)2Cl2] [Zn(HL)2Cl2] [Cd(L)2] 

υ(NH) 
3252 

3166 
3433 

3373 

3136 
3301 

3448 

3115 
3413 

υ (C-H)    

(Ar) 

 

2992 

 

2899 2941 2920 2910 2848 

υ (C=N) 1596 1586 1586 1583 1585 1575 

ν(C=S)+ 

ν(C=N) + 

ν(C-N) 

1370 1350 1349 1329 1359 1349 

ν(N-C-

S)+ν(C-S) 

 

1175 1164 1154 1164 1113 1169 

δ(N-N) 

 

1062 

 

1124 1175 1103 1052 1062 

υ(C=S) 815 758 806 755 806 - 

υ(M-N) - 487 476 497 467 518 

 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

The ESR spectrum of Cu(II) complex in DMSO at 77 K at X-band  

was recorded. EPR measurement was made with microwave radiations 

in the region, 8.75- 9.65 GHz with 100 kHz field modulation (Fig.7). 

The Cu(II) ion (S=3/2, ms= ±1/2) leads to a doubly degenerate spin 

state in the absence of magnetic field. In the presence of magnetic 

field, the degeneracy is lifted between these two states. The energy 

difference between them  is given by E = hv = gβB, where h is the 

Planck‘s constant, v is the frequency, g is the Lande‘s splitting factor, 

equals to 2.0023 for a free electron), β is the Bohr magneton and B is 

the magnetic field. As both g and β are constant, this equation implies 

that the splitting of the energy levels is directly proportional to 

the magnetic field strength. The solution spectrum of the complex at 77 

https://en.wikipedia.org/wiki/Magnetic_field
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K in DMSO is axial and shows four hyperfine lines characteristic of a 

monomeric Cu(II) complex. They correspond to −3/2, −1/2, 1/2 and 

3/2 which arise from the coupling of the odd electron with copper 

nucleus (I = 3/2). The value of 𝑔‖ is 2.47 and g┴ is 2.06. This complex 

showed 𝑔‖> 2.3 which is characteristic of an ionic environment.  The 

trend 𝑔‖> g┴> 2.0023 observed for the complex indicates that the 

unpaired electron is localised in
 

d𝑥
2
−𝑦

2 
orbital of the Cu(II) ion. 

Therefore, a distorted octahedral geometry is proposed for the 

complex. The exchange interaction between the copper centers in 

polycrystalline sample is explained by Hathaway expression G= (𝑔‖-

2)/( g⊥-2). Here, the value of G = 7.83, indicates negligible exchange 

coupling in the complex. No signal at half field was observed in the 

spectrum, ruling out the possibility of a dimeric form. 

 

Fig.7. X-Band ESR spectrum of Cu(HL)2Cl2 complex at LNT in 

DMSO 
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3.2.5. 
1
H NMR Spectrum of [Zn(HL)2Cl2] 

The NMR spectrum of the Zn complex was run in DMSO-d6.  

Aromatic protons exhibit multiplet signals in the range, 6.638–8.000 

ppm. The sharp singlet at 10.862 ppm is assigned to –NH proton. A 

singlet observed at 10.07 ppm can be assigned to azomethine proton. 

The peak at 2.85 ppm corresponds to methyl protons on terminal 

nitrogen atom.  The peak at 3.36 ppm is attributed to methyl protons of 

dimethyl amino group.  The peak observed at 2.50 ppm may be due to 

DMSO. Fig.8 represents the 
1
H NMR spectrum of [Zn(HL)2Cl2]. 

 

Fig.8. 
1
H NMR of Zn(II) complex 

3.2.6. Thermo gravimetric analysis 

Thermo gravimetric analysis (TG) of a compound is used to check its 

purity and thermal stability. According to the results obtained, the 
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complexes are not volatile and their decomposition occur in more than 

one step. A typical thermogram of Co(II) complex is shown in the 

Fig.9. The analysis was done under at nitrogen atmosphere in a 

temperature range, 30–500
0
C and at a heating rate of 10

0
 C min

-1
. 

Generally, water molecules in complexes are of two types, lattice water 

and coordinated water[16]. The lattice water will be lost at low 

temperature (60-120
0
C) whereas the loss of coordinated water 

molecule is observed at high temperature (150-200
0
C). 

For [Co(HL)2]Cl2.H2O, the first stage of decomposition occurred at 

67
0
C  with weight loss 1.92% (calcd. 2.33%). It may be due to the loss 

of one molecule of lattice water. The second stage of decomposition 

occurred in the temperature range, 145–296°C which may be due to the 

decomposition of the ligand moiety (weight loss 33%). The residual 

mass (9%) observed at 500°C indicated the non- volatile metal oxide 

formed. 

 

Fig.9. TG curve of Co(II) complex 
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4. Conclusions 

In the present investigation, the synthesis and characterization of  the 

ligand, 4-[N,N-(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone and its Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) 

complexes have been discussed. The ligand behaved as an N, S 

bidentate neutral one coordinating through azomethine nitrogen and 

thione sulphur in Co(II), Ni(II), Cu(II) and Zn(II) complexes and as 

bidentate monoanionic one in the case of Cd(II) complex. The mode of 

coordination of the ligand was clearly determined from the IR spectral 

studies. Based on the magnetic moment measurements and electronic 

spectral studies, Co(II) complex was assigned square planar geometry 

as shown in Fig.10. The complexes of Ni(II), Cu(II) and  Zn(II)were 

found to have octahedral geometries with a general molecular formula, 

[M(HL)2Cl2], where M = Ni(II), Cu(II) or  Zn(II) (Fig.11). A 

tetrahedral geometry was assigned to the Cd(II) complex as given in 

Fig.12. 
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Fig.10. Proposed structure of the Co(II) complex, 

[Co(HL)2]Cl2.H2O 

 

 

Fig.11. Proposed structure of the complexes, 

[M(HL)2Cl2] 

M= Ni(II), Cu(II) or  Zn(II). 
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Fig.12. Proposed structure of the Cd(II) complex, [Cd(L)2] 
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1. Introduction 

As ligands, thiosemicarbazones of substituted aromatic aldehydes and 

heterocyclic carbonyl compounds haven‘t received much attention as 

they actually deserve. In pursuit of our studies on thiosemicarbazones 

of aromatic aldehydes, our attention was drawn to that of 4-

benzyloxybenzalde [1-3]. Despite the fact that metal complexes of 

thiosemicarbazones of 4-benzyloxybenzaldehyde have been studied, 

there are no reports on complexes of 4-benzyloxybenzaldehyde N(4)-

disubstituted thiosemicarbazone. Reports on 4-benzyloxybenzaldehyde 

thiosemicarbazones revealed that they show good antioxidant and 

antibacterial activities [4]. Therefore, in this chapter, we present our 

studies on the synthesis and characterization of 4-

benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone (HL) 

and its complexes with a few first row  transition metal ions. The 

structure of the ligand is given in Fig.1. 

 

Fig.1. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemi 

carbazone (HL) 

* IUPAC  Name: (E)-2-(4-(benzyloxy)benzylidene)-N-methyl-N- 

phenylhydrazinecarbothioamide 
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 2. Experimental  

2.1. Materials and methods 

A detailed description about the materials, methods and physico-

chemical techniques used in this study are given in Chapter II of Part I.  

2.2. Preparation of the ligand (HL) 

A solution of N(4)-methyl(phenyl)thiosemicarbazide in ethanol (0.1 

mol, 250 ml) was added to 4-benzyloxybenzaldehyde in ethanol (0.1 

mol, 250 ml)  with 2 or 3 drops of glacial acetic acid and refluxed for 

3hr with stirring. The scheme is shown below. The resulting intense 

yellow coloured solution was concentrated, cooled filtered and washed 

several times with ethanol. The solid product obtained was kept in a 

desiccator under reduced pressure over anhydrous calcium chloride. 

The product was recrystallized from ethanol. (Yield: 60%, M.P = 

139ºC). 

 

Scheme 1. Synthetic pathway of 4-benzyloxybenzaldehyde N(4)- 

                 methyl(phenyl)thiosemicarbazone (HL) 
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2.3. Preparation of complexes  

Hot solution of metal chloride in ethanol (20 cm
3
) was added to a hot 

solution of the ligand in ethanol.  All the complexes were synthesized 

by mixing stoichiometric quantities of the ligand (0.002M) and the 

metal salts (0.001M). Then mixture was heated under reflux on a water 

bath for 3hr. On cooling the contents, coloured complexes precipitated 

out. Complexes obtained were filtered, washed with ethanol and 

diethyl ether and then dried and kept under reduced pressure over 

fused calcium chloride. The purity of the complex was checked by 

TLC. 

3. Results and discussion 

The data obtained from the analytical- and physico-chemical studies 

have been correlated to explain the properties, structure and bonding of 

the compounds. 

3.1. Characterization of the ligand (HL) 

The ligand, intense yellow coloured powder, having a melting point of 

139
0
C, was soluble in chloroform, acetonitrile, dimethylformamide, 

etc. TLC technique was adopted for testing its homogeneity and purity. 

It was characterized by elemental analysis (Table 1), IR- (Table 2 and 

Fig.2), electronic- (Table 3 and Fig.3) and 
1
H NMR- (Table 4 and 

Fig.4) spectral studies. 
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3.1.1. Micro analytical data 

The elemental analysis of the ligand was performed on a 

EUROVECTOR EA 3000. The experimentally found out- and 

calculated percentages of C, H, N and S were in good agreement with 

the molecular formula of the ligand, C22H21N3OS.  

Table 1. Physico-chemical and analytical data of HL 

Compound 

(Empirical 

Formula) 

Yield     

(%) 

Melting 

Point 

(
0
C) 

Colour 

CHNS Analysis Found % 

(Calculated)% 

C H N S 

C22H21N3OS 60 139 Yellow 
70.32 

(69.02) 

5.59 

(5.25) 

11.18 

(10.46) 

8.52 

(8.05) 

 

3.1.2. Spectroscopic analysis 

 a) Vibrational spectrum  

IR spectral data of the ligand with the tentative assignments of the 

bands are given in the Table 2 and Fig.2. Due to the presence of –NH-

C (=S)-NR2 group, in this type of ligands there is a possibility of 

thione-thiol tautomerism. However, the absence of a band ~ 2500 cm
-1

, 

characteristic of thiol form, excluded this possibility in the present case 

[5]. Moreover, there is a band at 820 cm
-1
, characteristic of ν(C=S), 

denoting that the free ligand exists in thione form.  The band at 3341 

cm
-1 

in the ligand spectrum takes into account for N-H stretching 

vibration [6]. The bands at 2939 and 2871 cm
-1

 represent the 

asymmetric- and symmetric stretching vibrations of –CH group, 

respectively [7]. The band at 3042 cm
-1

 may be due to C-H (aromatic) 

stretching vibration. The band at 1617 cm
-1

 represents the azomethine 
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stretching vibration [8]. The band at 1001cm
-1

 may be assigned to N-N 

bending vibration [9]. 

Table 2. IR spectral assignments (in cm
-1

)of HL 

 

Fig.2. FT-IR spectrum of HL 

b)  Electronic spectrum 

The electronic spectrum of the ligand showed an intense band at 286 

nm which can be attributed to π→ π* transition.  Similarly, a band at 

335 nm in the ligand spectrum may be due to n →π* transition of the 

azomethine group. The data are given in Table 3. 

Bands   (cm
-1

) Assignments 

3341 υ(N-H) 

3042 υ(C-H) (aromatic) 

2939 υ(C-H) (asymmetric) 

2871 υ(C-H) (symmetric) 

1617 υ(C=N) 

1001 δ (N-N) 

820 υ(C=S) 
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Table 3. Electronic spectral bands of HL 

    Spectral Bands  Assignments 

 λmax (nm) 

     286 π →π
*   

transition 

     335 n →π
*   

transition  

 

c) 
1
H NMR spectrum 

The formation of the 4-benzyloxybenzaldehyde  N(4)-methyl 

(phenyl)thiosemicarbazone was confirmed by analyzing its 
1
H NMR 

spectrum recorded in DMSO-d6 using TMS as internal standard. The 

1
H NMR spectrum of the ligand showed a multiplet between 7.81- 6.99 

ppm, which was due to aromatic protons. A sharp singlet at 9.071 ppm 

was attributed to the -NH proton. The triplet   that appeared at 2.47 

ppm was assignable to -CH3 protons on the terminal N-atom of the 

thiosemicarbazone  moiety. The signal that appeared at 3.12 ppm was 

due to the –OCH2 group. The azomethine hydrogen appeared as a 

sharp singlet at 5.11 ppm [4]. 

 

Fig.3. Electronic spectrum of HL 
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Table 4. 
1
H NMR data of HL 

 δ (ppm) Assignments 

   9.701 -NH group 

7.81-6.99(m)   Aromatic Protons 

  5.11 Azomethine hydrogen 

3.12 -OCH2 group 

2.472 -CH3 group on terminal nitrogen atom  

 

 

Fig.4. 
1
H NMR spectrum of HL 

3.2. Characterization of the complexes 

All the complexes of 4-benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone were stable under atmospheric 

conditions. They were non-hygroscopic and soluble in chloroform, 

DMSO and DMF, but sparingly soluble in other common organic 



Chapter 5 

 

 112 

solvents like methanol and ethanol. Elemental analyses, magnetic 

moment measurements, FT-IR, electronic- and EPR spectral studies 

and TG analysis were used to characterize them. 

3.2.1. Elemental analysis 

The analytical data and physical properties of the ligand (HL) and its 

complexes are listed in Table 5. The complexes were found to have a 

general formula [M(HL)2Cl2].H2O, when M=Co(II), Ni(II), Zn(II) or 

Cd(II), n = 0 and when M= Cu(II),  n=1. 

3.2.2. Electronic spectra and magnetic moments 

The important electronic spectral bands of Co(II), Ni(II) and Cu(II) 

complexes and their possible assignments are given in the Table 6. 

Table 5. Physico-chemical and analytical data of complexes 

Compound 
Colour 

 

Yield 

(%) 

MP 

(0C) 

Elemental Analysis (%) found 

(calculated) 

C H N S Metal 

C22H21N3OS Yellow 60 139 
69.50 

(70.32) 

5.10 

(5.59) 

11.01 

(11.18) 

8.21 

(8.52) 
- 

[Co(HL)2Cl2] 
Brownish 

black 
62 152 

52.92 

(53.40) 

4.01 

(4.24) 

8.18 

(8.49) 

6.20 

(6.47) 

4.96 

(5.96) 

[Ni(HL)2Cl2] Brown 65 158 
53.02 

(53.42) 

4.05 

(4.24) 

8.15 

(8.49) 

6.19 

(6.47) 

5.25 

(5.93) 

[Cu(HL)2Cl2].H2O Black 61 164 
52.76 

(53.16) 

4.01 

(4.23) 

8.17 

(8.45) 

6.18 

(6.44) 

5.51 

(6.30) 

[Zn(HL)2Cl2] 
Yellow 

 

65 

 

148 

 

52.89 

(53.06) 

4.20 

(4.22) 

8.40 

(8.44) 

6.20 

(6.43) 

6.38 

(6.57) 

[Cd(HL)2Cl2] White 66 151 
50.01 

(50.66) 

3.93 

(4.03) 

7.95 

(8.06) 

6.03 

(6.14) 

10.48 

(10.79) 

 

In the present case, Co(II) complex has three  spin allowed transitions 

at 295, 407 and 893 nm characteristic of octahedral geometry of the 



Chapter 5 

 

 113 

complex. The Co(II) complex registered  a magnetic moment value of 

4.82 B.M. This value, conformed a high-spin octahedral geometry 

around Co(II) ion. 

In the present case, three intense spin allowed transitions, 

3
A2g(F)→

3
T2g(F), 

3
A2g(F)→ 

3
T1g(F) and 

3
A2g(F)→ 

3
T1g(P) with bands 

at 645, 423 and 264 nm,  respectively, indicate octahedral geometry 

around Ni(II) ion. It has registered a magnetic moment value of 2.82 

B.M indicating its octahedral geometry. 

In the present copper complex, a band at 635 nm may be due to 

2
Eg→

2
T2g transition, indicating an octahedral geometry for the 

complex. The Cu(II) complex registered a magnetic moment of 1.98 

B.M, indicating its 6-coordinate octahedral geometry. The complexes 

of Zn(II) and Cd(II) were found to be diamagnetic. 

 3.2.3. IR spectra and mode of bonding 

The FT-IR spectra of the complexes provide information about the 

binding sites of the ligands with the metal ions. The important IR 

spectral bands in the ligand spectrum usually undergo shift from their 

positions upon coordination to metal ions in the complexes. The 

important IR spectral bands of the ligand (Fig.2) and the complexes 

(Fig.5) together with their probable assignments are given in Table 7. 

  



Chapter 5 

 

 114 

Table 6. Electronic spectral bands and their assignments of the 

complexes 

Compound 

Spectral  bands 
Assignments 

 
 

λmax (nm) 

[Co(HL)2Cl2] 

 

 

295 
4
T1g(F) → 

4
T1g(P) 

407 
4
T1g(F) → 

4
A2g(F) 

893 
4
T1g(F) → 

4
T2g(F)

 

[Ni(HL)2Cl2] 

 

264 
3
A2g(F) → 

3
T1g (P) 

423 
3
A2g (F) → 

3
T1g(F) 

645 
3
A2g (F) → 

3
T2g (F)

 

[Cu(HL)2Cl2].H2O 
635br 

 
2
Eg → 

2
T2g 

 

 

Fig.5. Electronic spectra of a) [Co(HL)2Cl2] b) [Ni(HL)2Cl2]  and c) 

[Cu(HL)2Cl2].H2O 
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The broad band at 3341 cm
-1

 in the ligand spectrum, assigned to the 

stretching of -NH group [10] remained in the spectra of all the 

complexes almost at the same positions, indicating the absence of 

enolisation of –NH-C=S group. The strong bands due to ν(C=N) are 

found to be shifted to downfield by a few cm
-1 

in the complexes due to 

the coordination of nitrogen [11]. The IR spectrum of the ligand 

showed typical bands in the range of 2800-2900 cm
-1

, which can be 

attributed to the symmetric- and asymmetric stretching vibrations of –

CH group [7]. These bands remained almost at the same position in the 

spectra of the complexes. The medium intensity band observed at 1001 

cm
-1
in the ligand spectrum due to δ(N-N) vibration has been found to 

be shifted to higher wave numbers, 1113-11169 cm
-1

 in the spectra of 

all the complexes. The bands due to υ(C=S) group in the spectra of the 

complexes shifted to lower frequency region, supporting the 

participation of the thiocarbonyl sulphur (C=S) in coordination to the 

central metal ions. These shifts indicated the coordination of the ligand 

through azomethine nitrogen and thione sulphur atom in all these 

complexes. The bands observed in the range, 507-520 cm
-1 

in the 

spectra of all the metal complexes may be assigned to υ(M-N)[12]. 

Therefore, the FTIR data indicated that the ligand functioned as 

neutral, bidentate (coordinating through the imino nitrogen and 

thiocarbonyl sulphur) in all the complexes. 
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Fig.6. IR spectra of (a) [Co(HL)2Cl2]b) [Ni(HL)2Cl2]  c) 

[Cu(HL)2Cl2].H2O  d) [Zn(HL)2Cl2]and e) [Cd(HL)2Cl2] 
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Table 7. IR spectral assignments of the ligand and complexes 

 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

ESR spectrum of the Cu(II) complex was recorded at 77K in DMSO 

solution, on the X-band at 8.75-9.65 GHz with 100 kHz  field 

modulation in  liquid nitrogen temperature (LNT)  and spectrum is 

presented in Fig.7. The spectrum shows well- resolved signals. The 

analysis of the spectrum gives 𝑔‖ = 2.50 and g⊥ = 2.07. The complex 

under study showed the trend 𝑔‖> g⊥> 2.0023, indicating that the 

unpaired electron is localized in d𝑥
2
−𝑦

2 
orbital of the Cu(II) ion[13]. In 

addition, exchange coupling interaction between two Cu(II) ions is 

explained by Hathaway expression, G= (𝑔‖-2)/( g⊥-2). Here, the value 

of G>4.0, indicates the absence of considerable exchange coupling 

interaction in complex (G=7.14). Normally, a value of 𝑔‖ = 2.3 or 

higher, indicates an ionic environment; while g|| less than 2.3 shows a 

covalent environment around Cu(II) ion. The 𝑔‖ value for the present 

Cu(II) complex is 2.50, indicating its ionic character. 
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Fig.7. X-Band ESR spectrum of Cu(II)  complex at LNT in DMSO 

3.2.5. 
1
HNMR spectrum of [Zn(HL)2Cl2] 

The 
1
H NMR spectrum of the Zn(II) complex was recorded in DMSO 

at room temperature (Fig.8). A singlet at 11.08 ppm can be assigned to 

N–H proton. A singlet observed at 10.02 ppm can be assigned to 

azomethine proton. Aromatic protons showed a multiplet peaks in the 

region, 8.63–5.6 ppm. –CH3 protons absorbed at 3.57-3.11 ppm.  The 

peaks in the range, 2.50-2.49 ppm may be assigned to solvent protons. 

 

Fig.8. 
1
H NMR spectrum of [Zn(HL)2Cl2] 
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3.2.6. Thermo gravimetric analysis 

Thermo gravimetric analyses are useful techniques to understand 

thermal stabilities and purities of the complexes and to confirm the 

presence and nature of water molecules whether coordinated or lattice 

held ones in the complexes. 

The [Ni(HL)2Cl2] complex showed three stages of decomposition 

which may be due to the successive degradation of  ligand molecule. A 

residual mass of 9.67% was left which may be due to the formation of 

NiS (calcd. 10.30%). 

For [Cu(HL)2Cl2].H2O, two decomposition stages were observed. 

Initial mass loss (61
0
C) corresponded to the loss of one lattice water 

molecule with a mass loss of 1.73% (Calcd. 1.99%).  The second stage 

occurred between 101–352°C with a mass loss of 46.2%. A residual 

mass of 7.43% may be due to the formation of copper oxide(calcd. 

8.4%). 

For [Zn(HL)2Cl2], the first stage was between 169–186°C and 

demonstrated a mass loss of 8.67%. The second stage occurred at 225–

374°C with a mass loss of 38.5%. A residual mass of 8.7% may be due 

to the formation of ZnS (calcd. 10.82%). 

For [Cd(HL)2Cl2] complex, the first stage decomposition occurred at  

263-358
0
C with weight loss of 39.1%. It may be attributed to the 

degradation of the ligand molecules. The absence of any thermal 

change before this temperature demonstrated its high thermal stability. 
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A residual mass of 12.05% may be due to the formation of CdO (calcd. 

13.74%). 

 

Fig.9. TG curves of a) [Ni(HL)2Cl2] b) [Cu(HL)2Cl2].H2O   c) 

[Zn(HL)2Cl2] and d) [Cd(HL)2Cl2] 

4. Conclusions 

The synthesis and characterisation of Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) complexes of 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) were discussed. Based on the elemental 

analyses, IR and NMR spectral data, all the complexes were assigned 

octahedral geometry (Fig.10). According to IR and 
1
H NMR spectral 

data, HL was found to function as neutral bidentate ligand. 
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Fig.10. Proposed structures of the complexes,  [M(HL)2Cl2].nH2O,      

when M= Co(II), Ni(II), Zn(II) or Cd(II); n=0 and when M= 

Cu(II); n=1. 
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1. Introduction 

The ligands with electronegative donor atoms like sulphur, nitrogen 

and oxygen play prominent role in the formation of coordination 

compounds. Out of numerous versatile multifunctional ligands with 

these donor atoms, thiosemicarbazones are potent. Traces of interest of 

thiosemicarbazones date back to the beginning of the 20th century. 

Thiosemicarbazones are getting more attraction due to their antitumor-

[1], antibacterial-[2], antifungal-[3], and antiviral-[4] activities and 

these activities have been shown to enhance on coordinating with 

metal ions [5, 6]. A variety of thiosemicarbazones can be synthesized 

by using different carbonyl compounds and by diversely substituting at 

N(4) position of the thiosemicarbazide moiety [7]. When these ligands 

coordinate with metal ions, they either act as neutral bidentate- or as 

anionic bidentate ligands. Very rarely, they can act as mono dentate 

ligands by binding through sulphur alone [8]. 

Our literature survey revealed that acetophenone- and substituted   

acetophenone thiosemicarbazones  and their transition metal 

complexes showed good antibacterial-[9], antioxidant-[10], antifungal-

[11], cytotoxic-[12] activities. However, there are no reports on the 

coordination behaviour of N-subsituted thiosemicarbazones of 4-

hydroxy-3-methoxyacetophenone. The present chapter portrays the 

synthesis and characterization of Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) complexes with a novel thiosemicarbazone (HL) derived from 

the condensation of  4-hydroxy-3-methoxyacetophenone and N(4)-

methyl(phenyl)thiosemicarbazide. The structure of the ligand is given 

in Fig.1.  
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Fig.1. 4-Hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone, (HL) 

*IUPAC  Name: (E)-2-(1-(4-hydroxy-3-methoxyphenyl)ethylidene)-N-

methyl-N-phenylhydrazinecarbothioamide 

 

2. Experimental 

2.1. Materials and methods 

The details about the chemicals used, the procedures adopted for the 

synthesis of precursors and the methods of characterization are 

described in Chapter II. 

2.2. Preparation of the ligand (HL) 

N(4)-methyl(phenyl)thiosemicarbazide (0.1mol, 250 ml) dissolved in 

hot ethanol was added slowly to an ethanolic solution of  4-hydroxy-3-

methoxyacetophenone (0.1mol, 250 ml)  under constant stirring. A 

white coloured solution was formed after refluxing the mixture for 

about 4hr in the presence of a catalytic amount of glacial acetic acid. A 

white coloured compound was obtained on evaporating the solvent. It 

was dried under reduced pressure (Yield=78%, M.P=149
0
C). The 
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synthetic pathway of the ligand, 4-hydroxy 3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone (HL) is shown in Scheme 1. 

 

Scheme 1. Synthetic pathway of 4-hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone (HL) 

2.3. Preparation of the metal complexes 

A methanolic solution of metal chloride (0.025mol in 20 ml) was 

slowly added to a methanolic solution of HL (0.05mol in 40 ml) and 

the mixture was refluxed for 4hr. The resulting mixture was 

concentrated and cooled. The complex precipitated was filtered off, 

washed several times with methanol and dried under reduced pressure. 

All the complexes were prepared using a reaction mixture containing 

metal chloride and ligand in 1:2 molar ratio. Yields and melting points 

of the complexes were noted. 
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3. Results and discussion 

The physical properties, elemental analytical-, and spectral data have 

been used to explain the structure and bonding of the compounds. 

3.1. Characterization of the ligand (HL) 

3.1.1. Micro analytical data 

The white coloured ligand, 4-hydroxy-3-methoxyacetophenone N(4) 

methyl(phenyl)thiosemicarbazone (HL) was soluble in chloroform, 

DMSO, DMF, etc. The compound was stable under atmospheric 

conditions. It was non-hygroscopic in nature. It was characterized 

analytically and further by FT- IR, UV-Vis- and 
1
H NMR spectral 

techniques. CHNS percentages were in agreement with the suggested 

molecular formula, C17H19N3O2S of the ligand. 

Table 1. Physico-chemical and analytical data of HL 

 

3.1.2. Spectroscopic analysis 

a) Vibrational spectrum  

Infrared spectroscopy brings important information in the preliminary 

conformation of the structural aspects of new molecules in the absence 

of the crystallographic data. The FT-IR spectrum of the compound was 

recorded in the region, 4000–400 cm
-1 

and is presented as Fig.2. A 

Compound 

(Emperical 

formula) 

Yield 

(%) 

Melting 

point 

(
0
C) 

Colour CHNS Analysis Found% 

  (Calculated)% 

C H N S 

C17H19N3O2S 78 149
0
C   White 61.20 

(61.94) 
5.32 
(5.76) 

12.32 
(12.75) 

9.50 
(9.71) 
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sharp band observed at 3454 cm
-1 

may be due to -OH stretching 

vibration [13]. The band at 3217 cm
-1 

may be assigned to NH 

stretching vibration. A weak absorption band observed at 2950 cm
-1 

was due to C-H stretching vibration. The non- existence of a band 

around 2560 cm
-1

 [assigned to υ(S–H)] indicated the existence of the 

ligand as thione tautomer in the solid state [14]. A sharp band at 1593 

cm
-1 

was assigned for the stretching mode of C=N bond of the ligand. 

The band appeared at 1482 cm
-1 

was assigned the C=C stretching 

vibration. A medium intensity band found at 1344 cm
-1

 may be 

attributed to υ(C=S)+ υ(C=N) + υ(C-N).  The band at 1206 cm
-1 

in the 

ligand spectrum may be assigned to υ(NH–C=S). Absence of any 

characteristic band due to υ(C=O) in the region, 1725-1705cm
-1

 

confirmed the condensation of carbonyl compound. The band at 857 

cm
-1

 corresponded to υ(C=S). 

 

Fig.2. IR spectrum of HL 
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Table 2. IR spectral assignments (in cm
-1

) of HL 

Bands (cm
-1

) Assignments 

3454 υ(-OH) 

33217 υ (-NH) 

1 1593  υ(C=N) 

1344 υ(C=S)+ υ(C=N) + υ(C-N) 

1206 υ(NH-C=S) 

1103 δ(N-N) 

857 υ(C=S) 

 

b)  Electronic spectrum 

The electronic absorption spectrum of the ligand was recorded in solid 

state in the range of 200–900 nm (Fig.3). The strong peak at 267 nm 

can be attributed to π→π* transition. Similarly, a peak at 329 nm may 

be due to n→π* transitions. The data are given in Table 3.    

 

Fig.3. Electronic spectrum of HL 
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Table 3. Electronic spectral bands of HL 

Spectral bands 

(nm) 
Assignments 

 267 π→π* transition 

329                 n→π* transition 

 

c)  
1
H NMR spectrum 

The 
1
H NMR spectrum of the ligand is presented in Fig.4.The 

spectrum showed a singlet at 10.802 ppm which can be assigned to N–

H proton. A sharp singlet at 10.551 ppm may be assigned to -OH 

proton. A sharp singlet at 9.463 ppm may be assigned to aromatic 

proton adjacent to methoxy group. A doublet at 9.338-9.317 ppm may 

be attributed to the aromatic proton near to imine bond. The remaining 

aromatic protons showed multiplet peaks in the region 7.555–6.791 

ppm. Singlet at 3.831 ppm may be assigned to methoxy protons. 
4
N–

CH3 protons absorbed at 3.575 ppm. A singlet at 2.276 ppm may be 

attributed to three methyl protons on azomethine carbon. 
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Fig.4. 
1
H NMR spectrum of HL 

Table 4. 
1
H NMR data of HL 

    δ (ppm) Assignments 

10.802 O-H proton 

10.551 N-H proton 

9.463  Azomethine proton    

7.555–6.791        Aromatic Protons 

3.831  Methoxy Protons 

3.575  -CH3 group on terminal nitrogen atom 

2.276  -CH3 group on azomethine carbon. 
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3.2. Characterization of the metal complexes 

All the complexes of 4-hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (HL) were stable under atmospheric 

conditions. They were soluble in DMSO, chloroform, DMF, etc., and 

sparingly soluble in methanol and ethanol. The micro analytical data of 

the complexes were obtained on the CHNS analyser. FT-IR, UV-Vis, 

magnetic measurements, 
1
H NMR, TG and ESR studies were carried 

out for the characterization and structural elucidation of the complexes. 

3.2.1. Analytical data of metal complexes 

The micro analytical data of all the complexes agreed well with their 

proposed molecular formulae. The physico-chemical and analytical 

data of the complexes are presented in Table 5. 

Table 5. Physico-chemical and analytical data of the complexes 

Compound 
Yield 

(%) 

   

Colour 

  

M.P 

(0C) 

 

 

Elemental Analysis (%) found 

(calculated) 

C H N S Metal 

 C17H19N3O2S 78 White 149 
61.20 

(61.94) 

5.32 

(5.76) 

12.32 

(12.75) 

9.50 

(9.75) 
- 

[Co(HL)Cl2] 66 
Dark 

green 
179 

44.02 

(44.43) 

4.12 

(4.14) 

9.14 

(9.15) 

7.00 

(6.97) 

12.35 

(12.83) 

  [Ni(HL)2Cl2].H2O 74 Brown 182 

  50.26   

(50.60) 

 

4.51 

(4.71) 

10.21 

(10.42) 

  8.00 

(7.93) 

7.12 

(7.27) 

  [Cu(HL)Cl2].H2O 72 Black 178 
42.24 

(42.34) 

3.89 

(3.94) 

8.95 

(8.72) 

6.25 

(6.64) 

13.45 

(13.19) 

      [ZnL(H2O)Cl] 78 Yellow 172 
45.39 

(45.62) 

4.41 

(4.47) 

 

9.28 

(9.39) 

7.15 

(7.16) 

14.58 

(14.62) 

       [Cd(L)2] 75 White  175 
52.51 

(52.92) 

4.71 

(4.67) 

   10.81 

(10.89) 

8.12 

(8.30) 

  14.02 

  (14.58) 
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3.2.2. Electronic spectra and magnetic moments  

The electronic spectra of the metal complexes were recorded in solid 

state and their assignments are given in Table 6. 

The tetrahedral Co(II) with 
4
A2 ground state  showed three transitions,  

4
A2→

4
T2(F), 

4
A2→

4
T1(F) and 

4
A2→

4
T1(P). The first one is not usually 

observed since it occurs in the region, 3300–2000 nm. 
4
A2→

4
T1(P) 

transition appears as an intense broad band in the visible region. Here, 

Co(II)  complex  showed absorption bands at 675 and 451 nm due to  

4
A2→

4
T1(P) and 

4
A2→

4
T1(F)  transitions, respectively. Tetrahedral 

Co(II) complexes show magnetic moments in the range, 3.8–4.7 B.M, 

while octahedral complexes in the range, 4.8–5.6 B.M. The low-spin 

square planar Co(II) complexes have magnetic moments in the range, 

2.1–2.9 B.M. Here, the magnetic moment of the Co(II) complex was 

3.86 B.M. The electronic spectrum, dark green colour and the magnetic 

moment of the complex confirmed its tetrahedral geometry.   

Octahedral Ni(II) complexes with d
8 

configuration have a ground state, 

3
A2g. In this study, broad bands at 413, 623 and 875 nm may be 

assigned to three spin-allowed transitions
 3

A2g(F)→
3
T1g(P), 

3
A2g(F)→

3
T1g(F) and 

3
A2g(F)→

3
T2g(F), respectively, indicating the 

octahedral geometry of Ni(II) complex. The magnetic moment of the 

complex was 2.92 B.M which supported its octahedral geometry. 

Most of the square planar Cu(II) complexes exhibit a single broad 

asymmetric d–d band in the region, 625–1388 nm [15] and the 

broadness of the band is due to the combination of the three spin-



Chapter 6 

 

 135 

allowed transitions, 
2
B1g→

2
A1g, 

2
B1g→

2
B2g, and 

2
B1g→

2
Eg. Here, the 

Cu(II) complex showed a broad band at 369 nm, assigned to π→π*  

transition of aromatic rings and another one at 647 nm. As the four 

lower orbitals are so close in energy, individual transitions will not be 

prominent and therefore, all the three vibronically induced transitions 

appeared as a broad single absorption band. The magnetic moment 

value of the complex was found to be 1.87 BM, which supported its 

square planar structure. 

 

Fig.5. Electronic spectra of (a) [Co(HL)Cl2] b) [Ni(HL)2Cl2].H2O and 

c) [Cu(HL)Cl2].H2O 
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Table 6. Electronic spectral bands and their assignments of the 

complexes 

br = broad 

3.2.3. IR spectra and mode of bonding 

The bonding of the ligands to metal ions has been studied by careful 

comparison of the infrared spectra of the complexes with those of the 

free ligands. It can be observed that the significant absorption bands in 

the ligands spectrum generally undergoes shift upon coordination to 

metal ions in the complexes. The significant IR spectral bands of 

ligand and its metal complexes with their assignments are depicted in 

the Table 6. The infrared spectrum of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone (HL) 

and its metal complexes are mainly characterized by the absorptions 

due to the vibrations of  -NH,  -OH, –C=S, –C=N and –N-N groups. 

The broad bands present in the region, 3454 cm
-1 

in the spectra of all 

the complexes are assigned to υ(OH) group. The band due to the 

stretching of secondary -NH group of the thiosemicarbazone moiety 

observed at 3217 cm
-1

 in the ligand spectrum. It was found to be 

retained nearly at the same position in the spectra of all the complexes 

       Compound Spectral  bands Assignments  

               λmax (nm) 

   

 [Co(HL)Cl2] 675br 
         4

A2 → 
4
T1 (P) 

 

[Ni(HL)2Cl2].H2O  

 

 

413 
   3

A2g(F) → 
3
T1g (P) 

623 
3
A2g (F) → 

3
T1g(F) 

 
 

875 
3
A2g (F) → 

3
T2g (F) 

[Cu(HL)Cl2].H2O 647br 

 

2
B1g→

2
A1g ,

2
B1g→

2
B2g 

and 
2
B1g→

2
Eg 
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except those of Zn(II) and Cd(II) complexes. This suggested the 

coordination of thioamide in the thione form itself [19]. In Zn(II) and 

Cd(II) complexes, the medium intensity band at 3217 cm
-1 

in the ligand 

spectrum, due to the secondary –NH of the thioamide group was not 

observed, indicating the loss of H-atom via enolisation of –NH-C=S to 

–N=C-SH and subsequent coordination through the thiolate sulphur 

atom to the metal ion. 

The ligand can exhibit thione–thiol tautomerism since it contains 

thioamido (–NH–C=S) functional group. There was no characteristic 

band due to υ(S-H) in the range 2700-2500 cm
-1

 in ligand and its metal 

complexes. The band at 1593 cm
-1

 assigned to the azomethine group in 

the ligand spectrum, was shifted towards lower frequency in the 

spectra of all the complexes, indicating the involvement of the 

azomethine nitrogen atom in coordination [16]. The bands near 1344 

and 857 cm
-1

 in the spectrum of the free ligand were assigned to 

υ(NH–C=S) and υ(C=S). These bands are seen to be shifted to lower 

wave numbers in the spectra of all the complexes, confirming the 

coordination of sulphur with the metal ions. However, in the spectra of 

Zn(II) and Cd(II) complexes, the bands corresponding to υ(C=S) are 

found to be shifted to lower wave numbers to a greater extend 

(approximately 192 and 182 cm
-1

).  The position of the new bands at  

726 and 730 cm
-1

 in the spectra of these complexes suggested the 

presence of C-S-M, formed by the enolisation of  -NH-C=S group in 

the ligand to -N=C-SH and subsequent coordination to the Zn(II) and 

Cd(II) through S
-
 after deprotonation. In the case of Zn(II) complex, 

the presence of broad band in the region of 3500 cm
-1

 due to –OH 

stretching modes of water molecule present in the compound. The 
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presence of coordinated water molecule was supported by the 

appearance of new bond at 445 cm
-1

 due to υ(M-O). This was further 

confirmed by 
1
H NMR of the complexes. 

The band observed at 1103 cm
-1

 in the ligand spectrum due to υ(N-N) 

has been found to be shifted to higher wave numbers  in the spectra of  

all the complexes. The IR spectra of all the complexes showed new 

band at 439-497 cm
-1

 assigned to υ(M–N). Thus, the IR spectra suggest 

that the ligand coordinates as a neutral, bidentate (through the imino 

nitrogen and thiocarbonyl sulphur) one in the complexes of Co(II), 

Ni(II) and Cu(II). But in the case of Zn(II) and Cd(II), ligand 

coordinates in bidentate monoanionic (through the imino nitrogen and 

thiolate sulphur) manner. 

 

Fig.6. IR spectra of (a)[Co(HL)Cl2] b)[Ni(HL)2Cl2].H2O c) 

[Cu(HL)Cl2].H2O  and d) [Cd(L)2] 
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Table 7. IR spectral assignments of the metal complexes 

 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

ESR spectrum of copper complex recorded in DMSO at liquid nitrogen 

temperature (LNT) and is presented in Fig.7. It is exhibited a typical 

monomeric spectrum with a set of four well resolved signals. The 

ground state can be derived from g-tensor value. The 𝑔‖ and 𝑔⊥values 

were 2.428, 2.04, respectively. The trend in 𝑔‖ >𝑔⊥> 2.0023 suggests 

that the unpaired electron lies predominantly in the d𝑥
2
−𝑦

2 
orbital, with 

2
B1g as the ground state. In the present case, it was found that 𝑔‖> g⊥> 

2 and therefore, the unpaired electron is likely to be in the d𝑥
2
−𝑦

2
orbital, 

indicating square planar geometry around copper(II) ion [17, 18]. ESR 

spectrum showed that the 𝑔‖ value of complex was greater than 2.3, 

indicating a small amount of ionic character of the copper-ligand bond. 

In addition, the g values are related to the G-factor by Hathaway 

expression, G = (𝑔‖-2.0023/g⊥-2.0023). This relation gives exchange 

interaction between the copper centers in polycrystalline samples. 

Here, the value of G was greater than 4, indicating absence of 
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exchange interaction between copper(II) centers. The absence of half 

field signal in the spectrum, indicated the monomeric form of the 

complex. 

 

Fig.7. X-Band ESR spectrum of Cu(II) complex at LNT in DMSO 

3.2.5. 
1
H NMR spectra of Zn(II) and Cd(II) complexes 

a) Zn(II) complex 

The 
1
H NMR spectrum of the Zn(II) complex in DMSO was recorded 

with TMS as internal standard. The spectrum is given in Fig.8.  The 

singlet at 10.806 ppm was assigned to –OH group. A sharp singlet at 

9.999 ppm may be assigned to aromatic proton adjacent to methoxy 

group. A doublet at 9.347-9.334 ppm was attributed to aromatic 

protons nearto imine bond. The remaining aromatic protons showed 

resonance peaks at 7.546-6.779 ppm. The singlet peak at 3.81 ppm 

may be due to methoxy protons. 
4
N–CH3 protons absorbed at 3.714 
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ppm. The singlet peak at 3.36 ppm may be due to coordinated water 

molecules. The 
1
H NMR spectrum registered a peak with three protons 

intensity at 2.505-2.483 ppm which may be assigned to three methyl 

protons on azomethine carbon. The peak due to N-H was not observed, 

indicating the loss of H-atom via enolisation of –NH-C=S to –N=C-SH 

and subsequent coordination through the thiolate sulphur atom to the 

metal ion. 

b) Cd(II) complex 

The 
1
H NMR spectrum of Cd(II) in DMSO  was carried out with TMS 

as internal standard. The spectrum is given in Fig.9.  The singlet at 

10.469 ppm  was assigned to –OH group. A sharp singlet at 9.614 ppm 

may be assigned to aromatic proton adjacent to methoxy group. A 

doublet at 9.473-9.257 ppm may be attributed to aromatic protons near 

to imine bond. The remaining aromatic protons showed resonance 

peaks at 7.596-6.631 ppm. The peak at 3.861 ppm may be due to 

methoxy protons. 
4
N–CH3 protons absorbed at 3.749 ppm. The 

1
H 

NMR spectrum has shown a peak of three protons intensity at 2.890-

2.731 ppm assignable to three methyl protons on azomethine carbon. 

The peak due to N-H was not observed, indicating the loss of H-atom 

via enolisation of –NH-C=S to –N=C-SH and subsequent coordination 

through the deprotonated sulphur (S
-
) to the Cd(II) ion. 
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Fig.8. 
1
H NMR spectrum of Zn(II) complex 

 

Fig.9. 
1
H NMR spectrum of Cd(II) complex 
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3.2.6. Thermo gravimetric analysis 

Thermo gravimetric analysis is used to find out the thermal stability of 

the complexes. It is also used to assess the status of the water-, or 

solvent molecules in the complex. In the present study, Ni(II) and 

Cu(II) complexes  were chosen as representative examples for thermal 

analysis.  

For [Ni(HL)2Cl2].H2O, decomposed in two stages. The first stage was 

observed in the temperature range, 70.2-181.5
0
C. It demonstrated a 

mass loss of 3%, corresponding to the loss of lattice water. The second 

stage occurred in the temperature range, 197-365.3 
0
C with a mass loss 

of 37%, which may be due to the decomposition of the ligand moiety. 

A residual mass of 10% was observed at 500°C which may be due to 

the formation of nickel sulphide (calcd. 11.51%). 

In [Cu(HL)Cl2].H2O showed a two staged decomposition pattern. The 

first stage decomposition observed at 96
0
C with mass loss of 2.09%. It 

corresponded to the loss of lattice water molecule. The second stage 

occurred in the temperature range, 151-307 
0
C with a mass loss of 

27.49% which may be due to the decomposition of the ligand moiety. 

The residual mass of 19.28% was observed at 347-484°C which may 

be due to the formation of CuS (19.83%). 
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Fig.10. TG curves of a) [Ni(HL)2Cl2].H2O  and b) [Cu(HL)Cl2].H2O 

4. Conclusions 

The synthesis and characterization of Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) complexes  of 4-hydroxy-3-methoxyacetophenone N(4)-methyl 

(phenyl)thiosemicarbazone (HL) have been discussed. According to IR 

and 
1
H NMR analyses, the ligand acted as neutral bidentate one in 

Co(II), Ni(II) and Cu(II) complexes. Based on the elemental analytical-

, magnetic moment- and spectral data, the Co(II), Zn(II) and Cd(II) 

complexes were assigned tetrahedral geometries. Octahedral geometry 

was assigned for the Ni(II) complex. Cu(II) complex was assigned 

square planar geometry. The proposed structures of the complexes are 

shown in Fig.11-15.  
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Fig.11. Proposed structure of the complex, [Co(HL)Cl2] 

 

 

Fig.12. Proposed structure of the complex, [Ni(HL)2Cl2].H2O 
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Fig.13. Proposed structure of the complex, [Cu(HL)Cl2].H2O 

 

Fig.14. Proposed structure of the complex, [ZnL(H2O)Cl] 
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Fig.15. Proposed structure of the complex, [Cd(L)2] 
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1. Introduction 

Isonicotinoylhydrazone, formed by the condensation of 

isonicotinoylhydrazide (isoniazide) with different types of carbonyl 

compounds, are typical examples of aroylhydrazones containing 

heterocyclic nitrogen atom. The coordination chemistry of 

aroylhydrazone, particularly that of  isonicotinoylhydrazones is a 

fascinating research area due to their diverse pharmacological 

application [1]. It has been reported that isonicotinoylhydrazones are 

better antitubercular agents than isoniazide [2]. Apart from this, these 

compounds exhibit antibacterial-, antifungal-, antiviral- and antitumour 

activities [3-5]. Literature survey showed that only a little work has 

been done on metal complexes of aroylhydrazones of unsaturated 

aliphatic aldehydes. Crotonaldehyde (2-Butenal) is a typical 

unsaturated aliphatic aldehyde. It has many industrial applications. It is 

used as an intermediate solvent for accelerators, for the purifications of 

mineral oils and as insecticides. 

In this chapter, we report crotonaldehyde isonicotinoylhydrazone (HL) 

(Fig.1) synthesized via conventional synthesis synthetic method. Its 

crystal structure has been determined by single crystal X-ray 

diffraction analysis. Moreover, its ligational behaviour has been 

ascertained by preparing and characterizing its Co(II), Ni(II), Cu(II), 

Zn(II) and Cd(II) complexes. 
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Fig.1. Crotonaldehyde isonicotinoyldrazone (HL) 

*IUPAC Name:(E)-N’-((E)-but-2-en-1-ylidene)isonicotinohydrazide 

2. Experimental 

2.1. Materials and methods 

Details regarding the chemicals used and the methods adopted for the 

characterization of the compounds are described in Chapter II. 

2.2. Preparation of the ligand (HL) 

To a hot solution of isonicotinic acid hydrazid in ethanol (0.05mol), an 

ethanolic solution of crotonaldehyde (0.05mol) was added slowly. The 

reaction mixture was refluxed in the presence of catalytic amount of 

glacial acetic acid on a water bath for 4hr.  The solid compound, 

crotonaldehyde isonicotinoylhydrazone, formed was filtered and dried 

(Yield 79%, M.P 176
0
C). The synthetic procedure of the ligand is 

shown in Scheme 1. 
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Scheme 1. Synthetic pathway of crotonaldehyde isonicotinoyldrazone 

(HL) 

 

2.3. Preparation of the complexes 

An ethanolic solution of the metal chloride (0.05mol in 20ml) was 

added drop wise to an ethanolic solution of HL (0.1mol in 20ml) and 

refluxed for 4hr. The resulting product was kept aside for slow 

evaporation. It was filtered, the precipitate was washed several times 

with ethanol and dried under reduced pressure. 

3. Results and discussion 

The data obtained from the analytical and physico-chemical methods 

have been used to assign the structures and geometries of the 

compounds. 
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3.1. Characterization of the ligand (HL) 

The ligand (HL) was characterized by single crystal X-ray analysis, IR, 

UV-Vis and 
1
H NMR spectral techniques. 

3.1.1. Micro analytical data 

 The ligand obtained as white crystals with an empirical formula, 

C10H11N3O. CHNS percentages were in agreement with the suggested 

formula (Table 1). It was non-hygroscopic and stable at normal 

atmospheric conditions. It was soluble in DMSO, DMF, chloroform, 

etc. 

Table 1. Physico-chemical and analytical data of the ligand 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point 

 (
0
C) 

Colour  CHNS Analysis Found % 

  (Calculated)% 

C H N O 

C10H11N3O2S 79 176
0
C   White  63.01 

(63.42) 

5.21 

(5.81) 

22.02 

(22.19) 

8.28 

(8.45) 

 

3.1.2. Single crystal X-ray crystallography 

A crystal with dimensions, 0.60 x 0.30 x 0.20 mm was selected for 

collecting the data. It crystallized with one molecule per asymmetric 

unit into monoclinic crystal system with a space group of C c.  X-ray 

crystallographic data were collected at 296(2) K on a Bruker Model 

Kappa Apex II diffractometer employing graphite monochromated Mo 

Kα (λ = 0.71073 Å) radiation. Direct methods were used to solve the 

structure and refined by least square on F
2 

using SHELXL-97 [6]. The 
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crystallographic tools PLATON[7], DIAMOND3.2d[8], ORTEP [9] 

and MERCURY3.5.1[10] for windows were used for structure analysis 

and presentation of the results. All non-hydrogen atoms were refined 

anisotropically. The details of the X-ray data and structure refinements 

are given in Table 2.Bond distances and angles are listed in Table 3. 

The PLATON diagram of HL with the atom numbering scheme is 

shown in Fig.2. 

Table 2. Crystal data and structural refinement parameters for 

compound, HL 

Identification 

code 

shelx  

Empirical formula C10H11N3O  

 

Theta range for 

data collection 

2.845- 28.423 deg. 

 

Formula weight 189.22 R indices (all data)           R1 = 0.0430, wR2 = 

0.1130 

Temperature 296(2) K Goodness-of-fit on 

F2 

0.952 

 Refinement 

method                  

Full-matrix least-

squares on F2 
Limiting indices -12<=h<=12, -

16<=k<=16, -12<=l<=6 

Wavelength 0.71073 A Extinction 

coefficient    

n/a 

Crystal size 0.60x0.30 x 0.20 mm Completeness to 

theta 

25.242    99.6 % 

Crystal system, 

 space group 

Monoclinic,  C c Reflections  

collected       

3984  

Unit cell  

dimensions 

 Independent  

reflections 

2064 [R(int) = 0.0200] 

a (A0)  9.5031(16) A           Max. and min. 

transmission        

0.983 and 0.951 

b (A0) 12.5545(16) Data / restraints / 

parameters     

2064 / 2 / 132 

c (A0) 9.1639(10)   Absorption  

coefficient 

0.085 mm-1 

 α(°) 90 deg      F(000) 400 

β(°) 113.469(7) deg   Z 4,  1.253Mg/m3 

γ(°) 90 deg. Volume 1002.9(2) A3 
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Table 3. Bond distances and bond angles of HL 
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Fig.2. The PLATON diagram of HL with atom numbering scheme 

 

 

Fig.3. Ortep diagram of HL 

 

The bond distances, C(7)–N(3) and N(2)–N(3) were1.265(3) Å and 

1.381(2) Å, respectively. They were found to be intermediate between 

the analogous single [C–N, 1.47 Å; N–N, 1.45 Å] and double bonds 

[C=N, 1.28 Å; N=N, 1.25 Å][11]. Similarly C(6)-O(1) bond distance, 

was 1.217(3) A
0
  also consistent with the C=O double bond (1.23 Å). 

The bond distance, C(7)-C(8) was 1.435(3), which was in between 

single bond (1.54 Å) and double bond (1.34 Å). The angle N2–C6–O1 
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(124.86) was significantly larger than C5–C6–O1 (121.35) possibly to 

relive repulsion between lone pairs of electrons on N3 and O1 atoms. 

The bond angles, C6-C5-C1, N3-N2-C6, C7-N3-N2, C9-C8-C7 and 

C6-C5-C4 were 118.79(18)
0
, 119.73(17)

0
, 114.35(19)

0
, 120.9(3)

0
 and 

122.70(18)
0
, respectively.  O1- and the hydrazinic N3 atoms were 

trans with respect to C6–N2 bond. These structural data revealed quasi 

coplanarity of the entire molecular skeleton with localization of the 

double bonds in the central chain which has an E-configuration with 

respect to the double bond of the hydrazone bridge [12]. A s-trans 

configuration was shown around the N2–N3 (1.381A˚) single bond 

[13]. The phenolic ring maintained coplanarity with the central – 

C=N–N–C=O moiety. 

3.1.3. Spectroscopic analysis  

a) Electronic spectrum 

The ligand showed intense bands at 266 nm and 318 nm which may be 

attributed to π→π* and n→π* transitions, respectively. This may be 

due to azomethine chromophore and the amide part of the hydrazone 

moiety. The data are given in Table 4. 
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Fig.4. Electronic spectrum of HL 

Table 4. Electronic spectral bands of HL 

 Spectral bands 

        (nm) 

     Assignments 

        266 π→π* transition 

        318 n→π* transition  

 

b)  Vibration spectrum 

IR spectroscopy is an important technique that provides information 

about various vibrations of functional groups present in the compound. 

The IR spectral assignments of the ligand are shown in Fig.5 and listed 

in Table 5. 

The characteristic bands in the region 3400-3200 cm
-1

 may be 

attributed to the symmetric- and asymmetric stretching vibrations of -
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NH group. The medium intensity bands at 2998 and 2849 cm
-1

 may be 

assigned to asymmetric- and symmetric =CH stretching frequencies, 

respectively. The ligand showed a strong band at 1568 cm
-1

, which is 

characteristic of υ(>C=N) group [14]. A sharp band at 1677 cm
-1

 can 

be assigned to υ(C=O). This ruled out the existence of thiol tautomer 

of the compound. The band observed at 1139 cm
-1

 in the spectrum of 

the ligand may be assigned to δ(N-N) vibration. 

 

Fig.5. IR spectrum of HL 

Table 5. Significant IR spectral bands (in cm
-1

) of HL 

Bands (cm
-1

)                  Assignments 

   3482, 3202 υ(N-H)  

   2998 υ(C-H) (asymmetric) 

   2849 υ(C-H) (symmetric) 

   1677 υ(C=O) 

   1568 υ(C=N) 

   1139 δ(N-N) 
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c) 
1
H NMR spectrum  

1
H NMR spectral measurement of the ligand in DMSO was carried out 

with TMS as internal standard. The spectrum is given in Fig.6 and 

spectral data in Table 6.  -NH proton resonated in the downfield region 

with a chemical shift at 11.702 ppm integrating for one proton. The 

doublet at 8.736-8.725 ppm was assigned to azomethine proton. The 

peak observed at 8.075–8.031 ppm may be assigned to the pyridine 

moiety. These may be a doublet, merged together due to two 

equivalent protons. The doublet at 7.796–7.785 ppm may be assigned 

to olefinic =CH proton near the imine bond. The quartet at 6.296-6.236 

ppm was attributed to olefinic =CH proton adjacent to the -CH3 group. 

The resonance peak due to methyl hydrogens appeared as a sharp 

signal up field of NMR spectrum at 1.919 -1.904 ppm, integrated for 

three hydrogens, as expected. The peak observed between 2-3 ppm 

may be due to the solvent used. 

Table 6. 
1
H NMR assignments of HL 

 

 

 

           δ (ppm) Assignments 

          11.702 N-H proton  

         8.736-8.725 Azomethine proton 

         8.075-8.031 Hydrogens on hydrazone moiety 

         7.796-7.785 Hydrogen adjacent to azomethine group 

         6.296-6.236 Hydrogen adjacent to methyl protons 

        1.915-1.904 -CH3 group on terminal nitrogen atom 
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Fig.6. 
1
H NMR spectrum of HL 

3.1.4. Mass spectrum 

In the ESI-mass spectrum of the ligand (Fig.7) showed a well-defined 

peak at m/z 190 (100%)(M+1) which coincided with the molecular 

weight of the proposed structure, (Mw: 189.22g). 

 

Fig.7. Mass spectrum of HL 
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3.2. Characterization of the complexes 

Crotonaldehyde isonicotinoylhydrazone (HL) formed stable complexes 

with Co(II), Ni(II), Cu(II), Zn (II) and Cd(II). Their physical- and 

analytical data are presented in Table 7. These complexes were soluble 

in chloroform, DMSO, DMF, etc and partially soluble in common 

organic solvents like ethanol, methanol, etc.  They were non-

hygroscopic in nature. These complexes were characterized as follows: 

3.2.1. Analytical data of the metal complexes 

Elemental analytical data of all the complexes were in good agreement 

with the suggested molecular formulae. The general formula of the 

complexes was found to be [M(HL)2Cl2], where M=Co(II), Ni(II) or 

Cu (II). The Zn(II) and Cd(II) complexes were of the types,  

[Zn(HL)Cl2] and [Cd(L)2], where HL acted as a neutral bidentate 

ligand and L
-
 acted as monoanionic bidentate ligand. FT-IR and 

electronic spectral studies and magnetic moment measurements were 

performed for the structure elucidation of the complexes.  

Table 7. Physico-chemical and analytical data of complexes 

Compound Colour 
Yield 

(%) 

M.P 

(
0
C) 

Elemental Analysis (%) found 

(calculated) 

C H N O Metal 

C10H11N3O White 79 176 
63.01 

(63.42) 

5.21 

(5.81) 

22.02 

(22.19) 

8.28 

(8.45) 
- 

[Co(HL)2Cl2] Brown 72 184 
47.01 

(47.26) 

4.01 

(4.33) 

16.50 

(16.54) 

6.08 

(6.30) 

11.09 

(11.60) 

[Ni(HL)2Cl2] Black 68 187 
47.08 

(47.28) 

4.29 

(4.33) 

16.32 

(16.52) 

6.28 

(6.30) 

11.38 

(11.56) 

[Cu(HL)2Cl2] Green 70 183 
46.54 

(46.83) 

4.21 

(4.29) 

16.27 

(16.39) 

6.21 

(6.24) 

12.31 

(12.40) 

[Zn(HL)Cl2] White 78 189 
36.74 

(36.89) 

3.09 

(3.38) 

12.81 

(12.91) 

4.84 

(4.92) 

19.91 

(20.09) 

[Cd(L)2] Yellow 69 187 
48.80 

(48.94) 

4.01 

(4.49) 

17.07 

(17.13) 

6.31 

(6.52) 

22.51 

(22.92) 
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3.2.2. Electronic spectra and magnetic moments 

The electronic spectral measurements of the ligand and the complexes 

were performed in solid state. The absorption regions and tentative 

band assignments of the complexes are given below. The present 

octahedral Co(II) complex  showed three spin allowed transitions at  

627, 386 and 264 nm assigned to 
4
T1g(F)→

4
T2g(F), 

4
T1g(F)→ 

4
A2g(F) 

and 
4
T1g(F)→ 

4
T1g(P) transitions, respectively. Among these, 

4
T1g(F)→

4
T1g(P) has highest energy.  As 

4
T1g(P) and 

4
A2g(F) levels are 

very close, the transitions to them are almost of same energy. The 

lower energy transition, 
4
T1g(F)→

4
T2g(F) is observed generally in the 

near infrared region. The magnetic moment value of this complex was 

4.46 BM, as expected value for an octahedral d
7
 Co(II) complex [15]. 

The present octahedral Ni(II) complex showed bands at 870 and 585 

nm in the visible region. They may be assigned to 
3
A2g(F)→

3
T1g(F) 

and 
3
A2g(F)→

3
T1g(P) transitions, respectively. 

3
A2g(F)→

3
T2g(F) is 

usually observed in the infrared region. It is out of range of the 

spectrophotometer used. The other bands present at 397 and 267 nm 

may be assigned to intra-ligand charge-transfer transitions which can 

be attributed to n→π* and π→π* transitions, respectively. The 

complex registered a magnetic moment of 2.92 B.M confirming its 

octahedral geometry.  
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Fig.8. Electronic spectra of a) [Co(HL)2Cl2] b) [Ni (HL)2Cl2]  and c) 

[Cu(HL)2Cl2] 

 All Cu(II) complexes are generally blue or green in colour,  due to 

absorption bands in the range, 600-900 nm. [Cu(HL)2Cl2] registered a 

magnetic moment of 1.96 B.M. The band observed at 404 nm may be 

assigned to 
2
B1g→

2
Eg transition. Another broad band at 669 nm 

attributed to 
2
B1g→

2
B2g transition was characteristic of distorted 

octahedral Cu(II) complex. As expected, the diamagnetic Zn(II) and 

Cd(II) complexes did not show  any characteristic absorption bands in 

the visible region. On the basis of analytical and spectral data, the 

Zn(II) and Cd(II) complexes were assigned tetrahedral geometry. 
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3.2.3. Infrared spectra and mode of bonding 

The FTIR spectra of the ligand and its metal complexes were recorded 

in the range 4000-400 cm
-1

. The significant IR spectral bands of the 

complexes (Fig.9) along with their probable assignments are given in 

the Table 7. The vibrational frequencies of ligand were compared with 

vibrational frequencies of complexes and the changes were 

ascertained. Crotanaldehyde isonicotinoylhydrazone existed as keto 

tautomer with strong bands at 3482, 1677 and 1568 cm
-1

 corresponding 

to υ(N-H), υ(C=O) and  the azomethine υ(C=N) group, respectively. A 

sharp band due to υ(C=N) in the ligand spectrum was found to be 

shifted to lower frequency region upon complexation. This shows the 

coordination through azomethine nitrogen to metal ions. The broad 

band around 3400 cm
-1

 in the ligand spectrum due to υ(N-H) stretching 

vibration was not found in the spectrum of Cd(II) complex. This 

pointed out that the ligand might have undergone enolisation of –N–

NH-C=O to –N–N=C-OH and its subsequent coordination through the 

deprotonated oxygen to the metal ion might have occurred.  The bands 

due to υ(C=O) were found to be shifted to lower frequencies in the 

spectra of all the complexes, except that of Cd(II) complex, indicating 

the coordination through C=O in those complexes. The new bands at 

422-462 cm
-1

 in the spectra of the metal complexes may be  assigned 

to υ(M–N) [16].  
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Table 7. IR spectral assignments of the metal complexes 

 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

The ESR spectrum of Cu(II) complex in DMSO at X -band frequency  

in the region 8.75- 9.65 GHz with 100 kH field modulation was 

recorded. The spectrum of sample was measured at liquid nitrogen 

temperature (77K). The values of 𝑔‖ and g┴ were 2.478 and 2.051, 

respectively. The fact that 𝑔‖> g┴> 2.0023 for complex indicated that 

the unpaired electron is localised in d𝑥
2
−𝑦

2 
orbital of the Cu(II) ion. 

Thus, a distorted octahedral geometry was proposed for the complex 

[17]. The 𝑔‖ value was found to be slightly higher than 2.3, indicating 

the absence of considerable covalent character in copper-ligand bond. 

The G parameter, [G = (𝑔‖- 2) / (g┴ - 2)] was found to be greater than 

4, suggesting the absence of considerable interaction between adjacent 

molecules in the solid state (G=9.37). No signal at half field was 

observed in the spectrum, ruling out the possibility of a dimeric form 

[18].   
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Fig.9. IR spectra of a) [Co(HL)2Cl2] b) [Ni(HL)2Cl2]  c) [Cu(HL)2Cl2] 

and d) [Cd(L)2] 

 

Fig.10. X-Band ESR spectrum of Cu(HL)2Cl2 complex at LNT in 

DMSO 
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3.2.5. 
1
H NMR spectrum of [Zn(HL)Cl2] 

The 
1
H NMR spectrum of the Zn(II) complex was recorded in DMSO 

at room temperature (Fig.11). A broad singlet at 11.712 ppm can be 

assigned to N–H proton. A doublet observed at 8.759-8.754 ppm can 

be assigned to azomethine proton. The peaks at 7.821 and 6.285 ppm 

may be assigned to aromatic protons on hydrazone moiety. The methyl 

protons absorbed at 1.876 ppm. The peak at 2.507 ppm may be due to 

the solvent. 

 

Fig.11. 
1
H NMR of [Zn(HL)Cl2] 

4. Conclusions 

The synthesis and characterization of Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) complexes  of crotonaldehyde isonicotinoyldrazone(HL) have 

been discussed. According to IR and 
1
H NMR analysis, ligand acted as 
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neutral bidentate one in all the complexes, except in Cd(II) complex. 

Based on the elemental analytical-, magnetic moment- and spectral 

data, the Co(II), Ni(II) and Cu(II) complexes were assigned octahedral 

geometry.  The Zn(II) and Cd(II) complexes were assigned a 

tetrahedral geometry. The proposed structures of the complexes are 

shown in Fig.12-14. 

 

Fig.12. Proposed structure of the complexes, [M(HL)2Cl2] where 

M=Co(II), Ni(II) or Cu(II). 
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Fig.13. Proposed structure of the complex, [Zn(HL)Cl2] 

 

Fig.14. Proposed structure of the complex, [Cd(L)2] 
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1. Introduction 

The remarkable biological activities of aroylhydrazones have been of 

significant interest. Metal complexes of isonicotinoylhydrazones 

haven‘t received as much attention as they actually deserve. In search 

of isonicotinoylhydrazone of different aromatic aldehydes, our 

attention was drawn to 4-[N,N-(dimethyl)amino]benzaldehyde. It is 

used as biological and analytical reagent [1]. Therefore, many 

researchers use to study it as a target structure and evaluated its 

biological activities. It can easily coordinate to the metal ions forming 

stable complexes [2]. 

Manav Malhotra et al[3] reported the synthesis and characterization of 

(E)-N-(substituted benzylidene)isonicotinohydrazide derivatives as 

potent antimicrobial and hydrogen peroxide scavenging agents. 

Literature survey revealed that more research work is still need to be 

done on the metal complexes of 4-[N,N-(dimethyl)amino] 

benzaldehyde isonicotinoylhydrazone. Therefore, in this chapter we 

present our studies on the synthesis and characterization of 4-[N,N-

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone (HL) (Fig.1) 

and its complexes with Co(II), Ni(II), Cu(II), Zn(II) and Cd(II). 

 
Fig.1. 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(HL) 

*IUPAC Name:(E)-N‘-(4-(dimethylamino) benzylidene) 

isonicotinohydrazide 
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2. Experimental  

2.1. Materials and methods 

A detailed description about the materials, methods and 

characterization techniques used in this work are given in Chapter II of 

Part I. 

2.2. Preparation of the ligand (HL) 

To a hot solution of isonicotinic acid hydrazide in methanol (0.1mol), 

an methanolic solution of 4-[N,N-(dimethyl)amino]benzaldehyde 

(0.1mol) was added slowly. The reaction mixture was stirred for 15 

min in the presence of catalytic amount of glacial acetic acid. The solid 

compound, 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone (HL)formed was filtered and dried under 

reduced pressure (Yield 75%, M.P 208
0
C). The scheme is shown 

below. 

 

Scheme 1. Synthesis of 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone (HL) 



Chapter 8 

 

 177 

2.3. Preparation of metal complexes  

Hot solution of metal chloride in ethanol (20 cm
3
) was added to a hot 

solution of the ligand, 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone (HL) in ethanol (20 cm
3
). All the complexes 

were synthesized by mixing stoichiometric quantities of the ligand 

(0.002M) and the metal chlorides (0.001M). Then mixture was heated 

under reflux on a   water bath for 4hr. On cooling, the coloured 

complexes precipitated out. Complexes obtained were filtered, washed 

with ethanol and diethyl ether and then dried. The purity of the 

complexes were checked by TLC method. 

3. Results and discussion 

The data obtained from the elemental analyses, physico-chemical- and 

spectral investigations have been used to explain the properties, 

structures and bonding of the compounds. 

3.1. Characterization of the ligand 

3.1.1. Micro analytical data 

The ligand, HL was an intense yellow coloured solid. It was sparingly 

soluble in common organic solvents such as alcohol, acetone, ether and 

benzene, but soluble in acetonitrile, DMF, DMSO, chloroform, etc. 

The homogeneity and purity of the ligand were checked by thin-layer 

chromatographic (TLC) method. It was characterized by elemental 

analysis (Table 1), and further by UV-Vis (Table 2), IR- (Table 3), 
1
H 

NMR (Table 4) and ESI-MS spectral techniques. The data obtained 
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from these studies were correlated to explain the structure of the 

ligand. 

Table 1. Physico-chemical and analytical data of HL 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point 

(
0
C) 

Colour 

CHNS Analysis Found 

% 

(Calculated)% 

C H N 

C15H16N4O. 75 208
0
C Yellow 

67.01 

(67.16) 

5.21 

(5.97) 

20.78 

(20.89) 

 

3.1.2. Mass spectrum 

In the ESI-mass spectrum of the ligand (Fig.3) showed a well-defined 

peak at m/z = 269 (100%) (M+1), which is in good agreement with the 

molecular weight (Mw: 268.31g) according to the proposed structure. 

 

Fig.2. ESI-MS spectrum of HL 
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3.1.3. Spectroscopic analysis  

a) Electronic spectrum 

The electronic spectrum of the ligand showed a strong absorption at 

264 nm which can be attributed to π→π* transition. Similarly, a band 

at 369 nm may be due to n→π* transition from the azomethine group 

and amide part of the hydrazone moiety. The spectral data are given in 

Table 2.  

Table 2. Electronic spectral bands of HL 

 

 

Fig.3. Electronic spectrum of HL 

Spectral bands 

(nm) 
Assignments 

264 

369 

π→π* transition 

n→π* transition 
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b)  Infrared spectrum 

IR spectroscopy is an important technique in the structural elucidation 

of a compound. The significant IR spectral bands (Fig.4) and 

assignments of the ligand are presented in Table 3. The IR spectrum of 

the ligand showed two bands, at 3398 and 3144 cm
-1 

which may be 

attributed to υ(N–H). Another band appeared at 1666 cm
-1

 may be 

assigned to υ(C=O). The band at 1613 cm
-1

 may be assigned to 

azomethine υ(C=N)[4]. These characteristic bands ruled out the 

presence of thiol-tautomer of ligand in the solid state. The medium 

intensity bands found at 2970 and 2835 cm
-1

 may be assigned to 

asymmetric- and symmetric =CH stretching frequencies, respectively. 

The presence of a band at 1169 cm
-1

 in the spectrum of the ligand can 

be assigned to δ(N-N). 

 

Fig.4. IR spectrum of HL 
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Table 3. Significant IR spectral bands (in cm
-1

) of HL 

 

c) 
1
H NMR spectrum  

The formation of the ligand, 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone  (HL) was confirmed by the singlet at δ 8.32 

ppm assigned to the azomethine proton in 
1
H NMR spectrum. Beside 

this, the 
1
H NMR spectrum of the ligand showed a signal  at δ 11.77 

ppm  assigned  to amide (-HN-N=)  proton. The peaks observed at 

δ8.77–8.76(d, 2H) and δ7.81-7.80(d, 2H) ppm may be assigned to 

pyridine moiety. The peaks at 7.57-7.55(d, 2H) and 6.77-6.75(d, 2H) 

ppm, may be attributed to benzylidene protons. A singlet due to six 

protons at δ2.98 ppm was assigned to the protons of the two methyl 

groups which are chemically and magnetically equivalent. 

  

Bands (cm
-1

) Assignments 

3398,3144 υ(N-H) 

2970 υ(C-H) (asymmetric) 

2835 υ(C-H) (symmetric) 

1666  υ(C=O) 

1613                            υ(C=N) 

1169  δ(N-N) 
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Table  4. 
1
H NMR assignments of HL 

 δ (ppm) Assignments 

11.777 N-H proton  

8.774-8.762 (d, 2H) pyridine moiety 

8.322 Azomethine proton 

7.814-7.7802  (d, 2H,) pyridine moiety 

7.577-7.555  (d, 2H) benzylidene protons 

6.777-6.756  (d, 2H) benzylidene protons 

2.983  (s, 6H) methyl protons 

 

 

Fig.5. 
1
H NMR spectrum of HL 
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3.2. Characterization of the complexes 

4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone (HL) 

formed stable complexes with Co(II), Ni(II), Cu(II), Zn (II) and Cd(II) 

ions. These complexes were coloured powders and soluble in 

chloroform, DMSO, DMF, etc but partially soluble in common organic 

solvents like ethanol, methanol, etc. They are non-hygroscopic in 

nature. The physico-chemical and analytical data obtained for the 

ligand and its complexes are presented in Table 5. These complexes 

were characterized as follows: 

3.2.1. Analytical data of metal complexes 

Elemental analytical data of all the complexes were in good agreement 

with the suggested molecular formulae. The general formula of the 

complexes were found to [M(HL)2Cl2], where M=Co(II) or Ni(II). The 

Cu(II) and Zn(II) complexes had a formula, [M(HL)Cl2]. The Cd(II) 

complex was found to be of the type,  [Cd(L)2],  where L
-
 can acted as 

a monoanionic bidentate ligand. FT-IR, electronic and EPR spectral 

studies and magnetic moment measurements were performed for 

assigning the structures of the complexes. 
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Table 5. Physico-chemical and analytical data of the complexes 

Compound 
colour 

 
Yield 

(%) 

M.P 

(
0
C) 

Elemental Analysis (%) found 

(calculated) 

C H N O Metal 

C15H16N4O 

Intense 

yellow 
75 208 

667.01 

(67.16) 

5.21 

(5.97) 

20.78 

(20.89) 

5.90 

(5.97) 
- 

[Co(HL)2Cl2] 
Dark 

Brown 
71 216 

54.03 

(54.07) 

4.01 

(4.81) 

16.13 

(16.82) 

4.80 

(4.81) 

8.41 

(8.85) 

[Ni(HL)2Cl2] 
Crimson 

Red 
69 >212 

54.21 

(54.09) 

4.90 

(4.81) 

16.81 

(16.83) 

4.79 

(4.81) 

8.81 

(8.82) 

[Cu(HL)Cl2] Black 70 >216 
44.21 

(44.73) 

3.49 

(3.97) 

13.86 

(13.91 

3.89 

(3.97) 

15.56 

(15.79) 

[Zn(HL)Cl2] 
Light 

Yellow 
59 219 

44.09 

(44.52) 

3.90 

(3.96) 

13.58 

(13.85) 

3.91 

(3.96) 

16.01 

(16.17) 

[Cd(L)2] White 78 216 
55.01 

(55.52) 

4.29 

(4.93) 

17.01 

(17.27) 

4.87 

(4.93) 

17.01 

(17.33) 

 

3.2.2. Electronic spectra and magnetic moments 

The electronic spectral data and the magnetic moments were used to 

identify the geometries of the complexes. The electronic spectra are 

shown in Fig.6. The significant electronic spectral bands and probable 

assignments are discussed below. For the Co(II) complex , the 

absorption bands observed at 635 and 376 nm, may be assigned to 

4
T1g(F)→

4
A2g(F) and  

4
T1g(F)→

4
T1g(P) transitions of an octahedral 

complex. The lower energy transition, 
4
T1g(F)→

4
T2g(F) is found 

generally in the near infrared region and this was not observed in the 

present case due to limited range of the instrument used. The magnetic 

moment value of this complex was 4.49 BM, as expected for an 

octahedral d
7
 Co(II) complex. 



Chapter 8 

 

 185 

The electronic spectrum of Ni(II) complex registered three bands at 

306, 577 and 872 nm assignable to 
3
A2g(F)→

3
T1g(P),  

3
A2g(F)→

3
T1g(F)  

and 
3
A2g(F)→

3
T2g(F) transitions, respectively, characteristic of an 

octahedral complex. It registered a magnetic moment value of  2.77 

B.M which was in agreement with octahedral geometry. 

The broad band of Cu(II) complex due to the combination of  three 

spin–allowed  transitions, 
2
B1g→

2
A1g, 

2
B1g→

2
B2g, and 

2
B1g→

2
Eg, 

indicate a square planar geometry. Here, the Cu(II) complex showed 

band at 376 nm, assigned to 𝜋→𝜋*
 transition of aromatic rings. A 

broad band at 635 nm, was characteristic of its square planar geometry. 

The magnetic moment value of the complex was found to be 1.85 

B.M., which supported its monomeric square planar structure. 

As expected, the diamagnetic Zn(II) and Cd(II) complexes did not 

show  any characteristic absorption bands in the visible region. On the 

basis of analytical and spectral data, the Zn(II)  and Cd(II) complexes 

were assigned tetrahedral geometry. 
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Fig.6. Electronic spectra of a) [Co(HL)2Cl2] b) [Ni(HL)2Cl2]  and  c) 

[Cu(HL)Cl2] 

Table 6. Electronic spectral bands and their assignments of the 

complexes 

Compound 
Spectral  bands Assignments 

 λmax (nm) 

[Co(HL)2Cl2] 

 

376 
4
T1g(F)→ 

4
T1g(P) 

635 
4
T1g(F)→ 

4
A2g(F)

 

[Ni(HL)2Cl2] 

 

 

 

306 
    3

A2g(F) → 
3
T1g (P) 

577  
  3

A2g (F) → 
3
T1g(F) 

 
 

872 
    3

A2g (F) → 
3
T2g (F) 

   [Cu(HL)Cl2] 
635br 

 

2
B1g →

2
A1g , 

2
B1g→

2
B2g 

  and 
2
B1g→

2
Eg 
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3.2.3. Infrared spectra and mode of bonding 

The characteristic IR spectral bands of the ligand  and the  complexes 

(Fig.7) along with their tentative  assignments are given in the Table 7. 

The IR spectral analysis gave information about the mode of 

coordination of the ligand to the metal ions. On analysing the infrared 

spectra of the metal complexes of 4-[N,N-(dimethyl)amino] 

benzaldehyde isonicotinoylhydrazone,  it was observed that the 

absorption band due to υ(N-H) was found in the spectra of all the 

complexes except that of Cd(II). This indicated that the ligand had not 

undergone enolisation of –N–NH-C=O to –N–N=C-OH during the 

formation of these complexes. The vibrational frequencies due to  

υ(C=O) of all these complexes are found to be shifted to lower 

frequencies, which indicated the coordination of –N–NH-C=O in the 

keto form to metal centres. This band was not seen in the spectrum of 

Cd(II) complex. This pointed out that the ligand might have undergone 

enolisation of –N–NH-C=O to –N–N=C-OH and subsequently 

coordinated through the deprotonated oxygen to Cd(II). Thus, the 

appearance of a new band at 1229 cm
-1

 in the spectrum of this complex 

due to υ(C-O) confirmed this observation. 

The coordination through azomethine nitrogen was suggested by the 

shift of υ(C=N) from 1613 cm
-1

 in the ligand spectrum towards lower 

wave numbers in the spectra of all the complexes. The band found at 

1169 cm
-1

 in the ligand spectrum due to δ(N-N), shifted to higher or 

lower wave numbers in the spectra of all the complexes. Thus, the 

hydrazone coordinated to the metal ions through the amide oxygen and 
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azomethine nitrogen in all the complexes. This type of bonding was 

supported by the appearance of new bands in the low frequency 

regions, 444-475 cm
-1

 in the spectra of all the metal complexes which 

can be assigned to υ(M-N). Thus, the ligand, 4-[N,N(dimethyl) 

amino]benzaldehyde isonicotinoylhydrazone (HL) acted as a neutral 

bidentate in all the complexes except that of Cd(II).  In the Cd(II) 

complex, it functioned as bidentate monoanionic one (L
-
).  

 

Fig.7. IR spectra of  a) [Co(HL)2Cl2]  b) [Ni(HL)2Cl2]  c) [Cu(HL)Cl2] 

and  d) [Zn(HL)Cl2] 
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Table 7. IR spectral assignments of the metal complexes 

Compound C15H16N4O [Co(HL)2Cl2] [Ni(HL)2Cl2] [Cu(HL)Cl2] [Zn(HL)Cl2] [Cd(L)2] 

 υ(N-H) 
3398 

3144 
3413 3401 3390 

3413 

3213 
- 

 υ=CH 

(aromatic) 

2970 

2835 

3022 

2875 

3037 

2870 

2958 

2848 

3026 

2882 

3069 

859 

υ(C=O) 1666 1639 1661 1662 1661 - 

υ(C=N) 1613 1559 1593 1594 1605 1594 

 δ(N-N)  1169 1156 1174 1185 1174 1172 

υ(M-N) - 444 463 475 451 452 

 

3.2.4. Electron paramagnetic resonance (EPR) spectrum 

The ESR spectrum (X-band) of [Cu(HL)Cl2] was recorded at liquid 

nitrogen temperature (77K) in DMSO solution. On analysing the 

spectrum, 𝑔‖ and 𝑔⊥ values were found to be 2.467 and 2.065, 

respectively. The trend in 𝑔‖ >𝑔⊥ > 2.0023 suggested that the 

unpaired electron occupied predominantly in the d𝑥
2
−𝑦

2
 orbital, with 

2
B1g as the ground state, it is   characteristic of square planar  geometry 

of copper(II) complex. According to Neiman and Kivelson[5], if 𝑔‖ is 

less than 2.3, a covalent character- and greater than 2.3, an ionic 

character of the metal-ligand bond in complex is indicated. Here, the 

𝑔‖ value of the complex was greater than 2.3, indicating a partial ionic 

character of the copper-ligand bond. 

The geometric parameter, G i.e. the measurement of exchange 

interaction between the copper centres in a polycrystalline compound, 

is calculated by using the expression, G = [(𝑔‖-2)/(g⊥-2)]. In the 

present case, it was found to be 7.18, suggesting the absence of 

considerable interaction between adjacent molecule in the solid state 

[6]. Absence of half field signal in the spectrum ruled out the 



Chapter 8 

 

 190 

possibility of a dimeric form [7]. ESR spectrum, together with 

electronic spectrum suggested a square planar geometry for 

[Cu(HL)Cl2]. 

 

Fig.8. X-Band ESR spectrum of [Cu(HL)Cl2] complex at LNT in 

DMSO 

3.2.5. 
1
H NMR spectrum of [Zn(HL)Cl2] 

The azomethine proton absorbed at δ7.969 ppm in the 
1
H NMR 

spectrum which indicated coordination of the ligand to Zn(II) through 

azomethine nitrogen. Another signal at δ11.754 ppm was assigned to 

the amide (-HN-N=) proton. The peak observed at δ8.77–6.687 ppm 

may be assigned to aromatic protons. A peak of six protons at δ2.990-

2.939 ppm was assigned to the methyl group protons. 
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Fig.9. 
1
H NMR spectrum of [Zn(HL)Cl2] 

4. Conclusions 

The synthesis and characterization of Co(II), Ni(II), Cu(II), Zn(II) and 

Cd(II) complexes of 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone (HL) have been discussed. According to IR 

and 
1
H NMR spectral analyses, the ligand acted as neutral bidentate in 

all the complexes except that of Cd(II). In the Cd(II) complex, the 

ligand functioned as bidentate monoanionic one. The Co(II) and Ni(II) 

complexes showed octahedral geometry (Fig.10). Cu(II) complex was  

assigned square planar geometry (Fig.11). The Zn(II)(Fig.12) and 

Cd(II) (Fig.13) complexes were assigned tetrahedral geometry. 
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Fig.10. Proposed structure of the complexes, [M(HL)2Cl2], where 

M=Co(II) or Ni(II). 

 

Fig.11. Proposed structure of the complex, [Cu(HL)Cl2] 
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Fig.12. Proposed structure of the complex, [Zn(HL)Cl2] 

 

 

Fig.13. Proposed structure of the complex, [Cd(L)2] 
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1. Introduction 

4-Hydroxy-3-methoxyacetophenone, also known as acetovanillone is a 

natural organic compound structurally related to vanillin. It has been 

isolated from a variety of plant sources and is being studied for its 

variety of pharmacological properties. It has distinct anti-inflammatory 

capabilities due to its ability to selectively prevent the formation of 

radicals, oxygen ions and peroxides in the body. It has been 

extensively studied for its disease-fighting capabilities and 

applications. 

Isonicotinoylhydrazones have four potential coordination sites, via ring 

nitrogen, primary and secondary amino nitrogen atoms and carbonyl 

oxygen and can exhibit potential coordination variabilities. They are 

generally bidentate ligands, binding through amide oxygen and imine 

nitrogen of hydrazone moiety. However, if an additional donor site is 

present on the carbonyl compound used, isonicotinoylhydrazone can 

function as a tridentate ligand forming stable complexes with transition 

metal ions. The C=O groups enhances the electron delocalization of 

such ligands [1].  

Our literature survey revealed that there are no reports on the 

coordination complexes of 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (HL) (Fig.1). Hence it seems to be worthwhile 

and interesting to prepare some complexes of this compound and to 

characterize them.  
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Fig.1. 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 

(HL) 

*IUPAC Name: (E)-N’-(1-(4-hydroxy-3-methoxyphenyl) ethylidene) 

isonicotinohydrazide 

 

2. Experimental  

2.1. Materials and methods 

A detailed description about the materials, methods and 

characterization techniques used in this work are given in Chapter II of 

Part I. 

2.2. Preparation of the ligand (HL) 

To a hot solution of isonicotinoylhydrazide in ethanol (0.05mol), an 

ethanolic solution of 4-hydroxy-3-methoxyacetophenone (0.05mol) 

was added slowly. The reaction mixture, in the presence of catalytic 

amount of glacial acetic acid was refluxed on a water bath for 4hr.  The 

solid compound, 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone formed was filtered and dried under reduced 

pressure (Yield 75%, M.P 201
0
C). The synthetic pathway of the ligand 

is shown in Scheme 1. 
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Scheme 1. Synthetic pathway of 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (HL) 

2.3. Preparation of metal complexes  

Hot solution of metal chloride in ethanol (20cm
3
) was added to a hot 

solution of the ligand, 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (HL) in ethanol (20cm
3
). All the complexes 

were synthesized by mixing stoichiometric quantities of the ligand 

(0.002M) and the metal salts (0.001M). Then mixture was heated 

under reflux on a water bath for 4 hr. On cooling, the coloured 

complexes precipitated out. Complexes obtained were filtered, washed 

with ethanol and diethyl ether and then dried. The purity of the 

complexes were checked by TLC method. 
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3. Results and discussion 

The data obtained from the elemental analyses, physico-chemical- and 

spectral investigations have been used to explain the properties, 

structure and bonding of the compounds.      

3.1. Characterization of the ligand (HL) 

3.1.1. Micro analytical data 

The ligand, HL was a white coloured solid, sparingly soluble in 

common organic solvents such as ethanol, acetone, ether and benzene 

but soluble in DMF, DMSO, chloroform, etc. The homogeneity and 

purity of the ligand were checked by thin-layer chromatographic 

(TLC) method. It was characterized by elemental analyses (Table 1), 

mass spectrum and further by UV-Vis- (Table 2), IR- (Table 3) and 
1
H 

NMR (Table 4) spectral techniques. The data obtained from these were 

correlated to elucidate the structure of the ligand.  

Table 1. Physico-chemical and analytical data of HL 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point 

(
0
C) 

Colour 

CHNS Analysis Found % 

(Calculated)% 

C H N O 

C15H15N3O3. 75 201
0
C White 

63.02 

(63.08) 

5.02 

(5.25) 

14.20 

(14.72) 

16.42 

(16.82) 
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3.1.2. Mass spectrum 

In the ESI-mass spectrum of the ligand (Fig.2) showed a well-defined 

peak at m/z 286 which coincided with the molecular weight calculated 

as per the proposed structure, (Mw: 285.31g). 

  

Fig.2. ESI-MS spectrum of HL 

3.1.3. Spectroscopic analysis  

a) Electronic spectrum 

Solid state reflectance spectral data showed a band at 273 nm which 

can be attributed to π→π* transition. Similarly, a strong band at 320 
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nm in the ligand spectrum may be due to n→π* transition from the 

azomethine group and amide part of the hydrazone moiety. 

 

Fig.3. Electronic spectrum of HL 

Table 2. Electronic spectral bands of HL 

Spectral bands 

(nm) 
Assignments 

273 

 

320 

π→π* transition 

 

n→π* transition 

 

b) Infrared spectrum  

Significant IR bands of the compound and their probable assignments 

are discussed here. A sharp band at 3472 cm
-1

 may be due to the O-H 

stretching.  The ligand band at 3181 cm
-1

 may be due to υ(N-H). The 

band at 1661 cm
-1

 corresponds to υ(C=O). A strong band at 1598 cm
-1

, 
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may be assigned to azomethine (>C=N) group [2]. The presence of a 

band at 1183 cm
-1

 in the spectrum of the ligand may be assigned to 

δ(N-N).  

 

Fig.4. IR spectrum of HL 

Table 3. IR spectral assignments (in cm
-1

) of HL 

Bands 

(cm
-1

) 
Assignments 

3491 υ(O-H) 

3181 υ(N-H) 

1661 υ(>C=O) 

1598 υ(>C=N) 

1183 δ(N-N) 

 

C)  
1
H NMR spectrum 

The formation of the 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (HL) was confirmed by analysing its 
1
H NMR 
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spectrum. The complete assignment of the 
1
H NMR spectrum of ligand 

is given in Table 4. A singlet at 10.949 ppm can be assigned to N–H 

proton. A sharp singlet peak at 9.491ppm may be attributed to O-H 

proton. Aromatic protons showed multiplet peaks in the region 8.767–

6.827 ppm. Singlet at 3.828 ppm is assigned to methoxy protons. 

Methyl protons absorbed at 2.325 ppm. 

 

Fig.5. 
1
H NMR spectrum of HL 

Table 4. 
1
H NMR assignments of HL 

δ (ppm) Assignments 

10.949 N-H  proton 

9.491 O-H proton 

8.767- 6.827 (m)  Aromatic protons 

3.828 Methoxy protons 

2.325 Methyl protons 
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3.1.4. Powder X-ray diffraction (PXRD) analysis 

Since we couldn‘t get the single crystals of HL, we recorded its 

powder XRD pattern. It revealed the crystallanity of the compound.  

 

Fig.6. PXRD spectrum of HL 

3.2. Characterization of the metal complexes 

All the complexes of 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (HL) were stable under normal atmospheric 

conditions. All the mononuclear complexes were powders. They were 

soluble in acetonitrile, DMF, chloroform and DMSO, but insoluble or 

partially soluble in other common organic solvents like methanol, 

acetone and ethanol. Elemental analysis, magnetic moment 

measurements, electronic spectral-, FT-IR, 
1
H NMR, EPR and TG 

studies were employed to characterize them. 

3.2.1. Analytical data of metal complexes 

The analytical data and physical properties of the ligand, HL and its 

complexes are listed in Table 5. Elemental analytical data of all the 

complexes were in good agreement with the suggested molecular 
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formulae. In the complexes, the ligand was found to be coordinated to 

neutral bidentate form. The complexes were found to have a general 

formula [M(HL)2Cl2], where M = Ni(II), Cu(II),  Zn(II) or Cd(II). The 

Co(II) complex was found to have tetrahedral structure, [Co(HL)2]Cl2. 

Table 5. Physico-chemical and analytical data of the complexes 

Compound Colour 
Yield 

(%) 

M.P 

(
0
C) 

Elemental Analysis (%) found 

(calculated) 

C H N O Metal 

C15H15N3O3 White 75 201 
63.02 

(63.08) 

5.02 

(5.25) 

14.20 

(14.72) 

16.42 

(16.82) 
- 

[Co(HL)2]Cl2 
Dark 

green 
73 210 

51.01 

(51.39) 

3.56 

(3.97) 

11.28 

(11.99) 

13.20 

(13.70) 

8.19 

(8.41) 

[Ni(HL)2Cl2 
Light 

pink 
68 212 

50.98 

(51.41) 

3.49 

(3.99) 

11.25 

(11.99) 

13.12 

(13.71) 

8.10 

(8.38) 

[Cu(HL)2Cl2] 
Dark 

brown 
69 214 

50.28 

(51.06) 

3.55 

(3.97) 

11.02 

(11.91) 

13.34 

(13.61) 

9.03 

(9.01) 

[Zn(HL)2Cl2] Yellow 70 >209 
50.52 

(50.92) 

3.64 

(3.96) 

11.21 

(11.88) 

13.47 

(13.58) 

9.06 

(9.25) 

[Cd(HL)2Cl2] 
White 

 

71 

 
>212 

47.01 

(47.74) 

 

3.64 

(3.71) 

 

11.06 

(11.14) 

 

12.18 

(12.73) 

 

14.29 

(14.91) 

 

3.2.2. Electronic spectra and magnetic moments 

The electronic spectra of the complexes were recorded in solid state 

and their probable assignments are given in Table 6. The Co(II)  

complex  showed absorption bands at 704 and 451 nm due to 

4
A2→

4
T1(P) and intra-ligand charge-transfer transitions respectively. It 

registered a magnetic moment value of 4.78 B.M. This value clearly 

indicated a tetrahedral geometry for [Co(HL)2]Cl2 complex. 
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In the case of octahedral Ni(II) complexes three spin-allowed 

transitions, 
3
A2g(F)→

3
T2g(F), 

3
A2g(F)→

3
T1g(F) and 

3
A2g(F)→

3
T1g(P), 

are expected. In the electronic spectrum of [Ni(HL)2Cl2], the bands at  

568 and 336 nm may be assigned to 
3
A2g(F)→

3
T1g(F) and 

3
A2g(F)→

3
T1g(P), transitions, respectively. 

3
A2g(F)→

3
T2g(F) is usually 

found in the near IR region. It was not observed in the present case as 

it may be out of the range of the spectrophotometer used. The 

electronic spectrum together with the magnetic moment value of 3.28 

B.M supported an octahedral geometry for [Ni(HL)2Cl2]. 

In the present investigation, the spectrum of [Cu(HL)2Cl2] showed a 

broad band at 718 nm, which may be due to 
2
T2g→

2
Egtransition [3], 

expected for an octahedral Cu(II) complex. A magnetic moment value 

of 1.89 B.M also supported its octahedral structure. 

Table 6. Electronic spectral bands and their assignments of the 

complexes 

      Compound Spectral  bands Assignments 

 λmax (nm) 

      [Co(HL)2Cl2] 361 C-T 

704br 
4
A2→ 

4
T1g(P) 

      [Ni(HL)2Cl2] 336 
3
A2g(F) → 

3
T1g(P) 

568br 
3
A2g(F) → 

3
T1g(F) 

       [Cu(HL)2Cl2] 718br 
2
T2g → 

2
Eg 
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Fig.7. Electronic spectra of a)[Co(HL)2]Cl2 b) [Ni(HL)2Cl2]  and c) 

[Cu(HL)2Cl2] 

3.2.3. Infrared spectra and mode of bonding 

The assignments of the characteristic IR bands are presented in Table 

7. A sharp band due to (C=O) at 1661 cm
-1 

in the ligand spectrum was 

found to be shifted to about a few cm
-1 

lower frequency region on 

complexation. This indicated the involvement of amide oxygen (C=O) 

in coordination.  IR spectra are given in Fig.8. The band at 1598 cm
-1

 

in the spectrum of the free ligand was assigned to υ(C=N). However, in 

the spectra of the complexes the band was shifted to lower wave 

numbers indicating the participation of azomethine nitrogen in 

coordination. The band observed at 1183 cm
-1

 in the ligand spectrum 

due to υ(N-N) has been found to be remained in the spectra of all the 

complexes. This type of bonding was supported by the appearance of 

new bands in the low frequency region, 518-575 cm
-1 

in the spectra of 

all the metal complexes which can be assigned to υ(M-N). 



Chapter 9 

 

 207 

Table 7. IR spectral assignments of the metal complexes 

 

 

 
 

Fig.8. IR spectra of a) [Co(HL)2]Cl2 b) [Ni(HL)2Cl2]  c) [Cu(HL)2Cl2] 

d) [Zn(HL)2Cl2] and e) [Cd(HL)2Cl2] 
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3.2.4. Electron paramagnetic resonance (EPR) spectrum 

The X band ESR spectrum was recorded in dimethyl sulfoxide at LNT 

(Fig.9). In the absence of magnetic field, the Cu(II) ion has an effective 

spin of S = 3/2 and is associated with a spin angular momentum, ms = 

±1/2, leading to a doubly degenerate spin state. The solution spectrum 

of the complex showed four hyperfine lines characteristic of a 

monomeric Cu(II) complex. They corresponded to −3/2, −1/2, 1/2 and 

3/2 which arose from the coupling of the odd electron with copper 

nucleus (I = 3/2). The value of 𝑔‖ was 2.511 and that of g┴ was 2.054. 

This complex showed 𝑔‖ > 2.3 which was characteristic of anion 

environment.  The trend, 𝑔‖ > g┴> 2.0023 indicated that the unpaired 

electron was localised in d𝑥
2
−𝑦

2
 orbital of the Cu(II) ion [4]. Thus, a 

distorted octahedral geometry was proposed for the complex. The 

exchange interaction between the copper centers in sample was 

explained by Hathaway expression, G= (𝑔‖-2)/(g⊥-2). Here, a value of 

G>4.0, indicated negligible exchange coupling in the complex (G= 

9.46). No signal at half field was observed in the spectrum, ruling out 

the possibility of a dimeric form [5]. 
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Fig.9. X-Band ESR spectrum of [Cu(HL)2Cl2]  complex at LNT in 

DMSO 

3.2.5. 
1
H NMR Spectrum of [Zn(HL)2Cl2] 

The peak at 11.964-11.924 ppm was attributed to N–H proton. A 

singlet peak at 8.409 ppm may be assigned to O-H proton. Aromatic 

protons showed multiplet signals in the region 8.791–7.029 ppm. 

Singlet at 3.364 ppm was assigned to methoxy protons. Methyl protons 

absorbed at 2.509-2.505 ppm. Fig.11 represents the 
1
H NMR spectrum 

of [Zn(HL)2Cl2]. 
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Fig.10. 
1
H NMR Spectrum of [Zn(HL)2Cl2] 

3.3.6. Thermo gravimetric analysis 

In the present study, Ni(II) and Cd(II) complexes  were chosen as 

representative compounds for thermal analysis. 

For [Ni(HL)2Cl2], three stages of decomposition occurred. The first 

decomposition stage was in the temperature range, 202–254°C with a 

1.5% mass loss. The second decomposition observed at 290-356
0
C 

with mass loss of 4.52%, which may be due to the partial 

decomposition of the ligand moiety. The third decomposition stage 

occurred at 385-492
0
C. The residual mass of 10.67% may be due to the 

formation of NiO (calc. 11.01%). 
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The Cd(II) complex showed two stages of decomposition. The first 

stage of decomposition observed at 98
0
C may be due to moisture. At 

299
0
C it showed with a mass loss of 32.42% which may be due to the 

decomposition of the ligand moiety. A residual mass loss of 15.87% 

may be due to the formation of CdO (calcd.16.91%). 

 

Fig.11. TG curves of a) [Ni(HL)2Cl2] and b) [Cd(HL)2Cl2] 

4. Conclusions 

Based on the above spectral, physico-chemical and thermal studies, an 

octahedral environment around Ni(II),Cu(II), Zn(II) and Cd(II) ions 

was proposed. However, the Co(II) complex was found to be 

tetrahedral in geometry. In all the complexes, the ligand acts as neutral 

bidentate coordinating through carbonyl oxygen and imine nitrogen. 

The proposed structural formulae are given in Fig.12 and 13. 
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Fig.12. Proposed structure of the complex, [Co(HL)2]Cl2 

 

Fig.13. Proposed structure of the complexes, 

[M(HL)2Cl2] 

                        where, M= Ni(II), Cu(II), Cd(II) or Zn(II). 
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1. Introduction 

Schiff bases are nitrogen analogues of aldehydes or ketones with a 

growing interest due to their RC=N group and are also known as 

azomethines. They are usually prepared by the condensation of 

primary amines with carbonyl compounds under specific conditions. In 

general, aldehydes take part faster than ketones in condensation 

reactions because the reaction centre of an aldehyde is sterically less 

hindered than that of a ketone. Schiff bases of aliphatic aldehydes are 

relatively unstable and readily polymerize, while those of aromatic 

aldehydes, having an effective conjugation system, are more stable. 

Schiff bases are generally bi-or tri- dentate ligands capable of forming 

very stable complexes with transition metal ions. In organic synthesis, 

Schiff base formation reactions are useful in making carbon-nitrogen 

bonds. They have been extensively studied because of their exciting 

biological activities such as antitumor-[1], antimicrobial-[2] and 

antioxidant-[3] activities. These wide ranges of biological applications 

are due to the imine groups present in them [4]. 

Generally, pyrazolones comprise a group of organic compounds, which 

are heterocycles, and process a five- membered lactam ring with an 

additional keto group. Among pyrazolone analogues, synthetically 

important compounds derived from 4-aminoantipyrine have received 

much attention because they exhibit attractive multi-functional 

properties including antifungal-, antibacterial-, antimalarial-, antiviral-, 

anti-inflammatory- and antipyretic properties. Nowadays,4-

aminoantipyrine derivatives have been treated as important model 

compounds in the biological- and medical fields [5]. Generally Schiff 
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bases are crystalline and feebly basic. They are characterized by the 

presence of an azomethine group, –RC=NR', where R and R' are alkyl-

, cycloalkyl-, aryl- or heterocyclic groups. Schiff bases are widely 

designed by varying the chemical environment around the –C=N- 

group. The presence of a lone pair of an electron in the sp
2
 hybridized 

orbital on the imino nitrogen atom makes the azomethine group more 

significant.  

Recently, Density Functional Theory (DFT) has been recognized as a 

better auxiliary tool in the study of biological- and chemical properties 

of several active compounds than the ab initio methods used in the 

past. It has been endorsed as a well-known post-HF approach for the 

computational calculations of structural characteristics, vibrational 

frequencies and energies of compounds. It has been proved to be a 

reliable and potent tool with accuracy and cost effectiveness. We 

decided to explore the spectroscopic- and quantum chemical properties 

of the title compound, which were calculated using the DFT-B3LYP 

method at 6-311++G(d,p) Basis set level [6]. These data were 

compared with experimental results. 

A search through the literature revealed that no work has been done on 

the Schiff base formed by the condensation of 4-aminoantipyrine with 

4-benzyloxybenzaldehyde. Therefore, it was considered to be 

worthwhile to report the synthesis, characterization and theoretical 

studies, crystal structure of the novel Schiff base, 4-(4-

benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-pyrazol-5-one 

(L), (Fig.1).  The structural- and geometrical properties, NLO activity, 
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molecular electrostatic potential, Hirshfeld surface- and fingerprint plot 

analyses were studied. The frontier molecular orbital calculations of 

the compound were also made. 

 

Fig.1.  4-(4-benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-

pyrazol-5-one (L)  

*
IUPAC Name: (E)-1,5-dimethyl-4-((4-(phenoxymethyl)benzylidene) 

amino)-2-phenyl-1H-pyrazol-3(2H)-one 

2. Experimental 

2.1. Materials and methods 

Details regarding the chemicals used and the methods adopted for the 

characterization of the compounds are described in Chapter II. 

2.2. Synthesis of the Schiff base (L)   

The compound was synthesised by refluxing an equimolar ethanolic 

solution of 4-aminoantipyrine (2.03g, 0.01mol) and 4-

benzyloxybenzaldehyde (2.12g, 0.01mol) in the presence of a few 

drops of acetic acid for 4hr on a water bath. The resulting solution was 

allowed to evaporate slowly and the precipitate formed was filtered, 
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washed with ethanol and dried under vacuum. The solid obtained was 

recrystallized from ethanol to yield yellow needle like single crystals. 

The reaction sequence of the formation of the novel Schiff base ligand 

(L) is outlined in Scheme 1. 

 

 

 

 

 

 

 

 

 

Scheme 1. 4-(4-Benzyloxybenzalidene) amino-2,3-dimethyl-1-phenyl-

3-pyrazol-5-one (L)  

2.3. Single crystal structure determination 

The single crystal X-ray diffraction measurements were carried out at 

296(2) K on a Bruker Kappa Apex II diffractometer. The final 

refinements for the structure were obtained with the Full-matrix least-

squares method and X Shell Structure Solution Software. Table 2 
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summarizes the crystal data collected and refinement data for the 

structural analysis.    

2.4.Computational details 

To obtain more information of chemical interest, we have performed 

the theoretical calculations of structural, spectral and the density 

derived properties of the Schiff base using the Gaussian 09 program 

[7]. The molecular structural data of the compound obtained from the 

XRD data in the RES file format were converted to GJF file format 

using Open Babel utility[8]. The geometrical optimization was carried 

out at DFT/B3LYP levels with 6-311++G(d,p) Basis set. B3LYP 

[9]represents Becke's three parameters hybrid functional method with 

Lee-Yang-Parr (LYP) correlation functional which are best for 

predicting the results of  molecular geometry and vibrational 

wavenumbers of a moderately larger molecule. 

The optimization was achieved without any symmetry constraints. 

Further, vibrational frequency calculations were done to confirm the 

true minima on the calculated potential surface. The calculated 

harmonic vibrational frequencies were scaled by 0.960 in the high 

wave number region and by 0.961 in the low wave number region 

(below 1800 cm
-1

) for B3LYP/6-311++G(d,p) level, since the B3LYP 

functional tends to overestimate the fundamental vibrational mode. 

Solvent effects on the calculated structures were investigated with the 

Self-Consistent Reaction Field (SCRF) method, via the Integral 

Equation Formalism Polarized Continuum Model (IEF-PCM). Ethanol 

was used as a solvent environment (ε=32.61) in order to reproduce the 
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same solvent used in the experiment. In order to understand the 

electronic properties, theoretical UV-Vis spectra have been 

investigated by TD-DFT method with 6-311++G (d,p) Basis set for 

ethanol and gas phase. Furthermore, to understand the UV-screening 

nature of the molecule under study, rational understanding of 

electronic transitions is one of the prerequisites. Quantitative analysis 

of molecular surface has been carried out. Surface properties such as, 

surface area, enclosed volume, average value and standard of mapped 

functions were computed for overall molecular surface or local 

surfaces. Local minima and maxima of mapped functions on the 

surface were also be located. Molecular surface analysis was also done 

by carrying out Molecular Electrostatic Potential (MEP) map and 

Hirshfeld analysis [10] as well as fingerprint analysis. Furthermore, the 

fukui analysis of the compound was also carried out to assess its the 

probable reactive sites. MultiWFN software was used for their Fukui, 

MEP and DD analysis. The non-linear optical response of the molecule 

was also evaluated. 

3. Results and discussion 

The novel Schiff base was characterized with respect to its 

composition by elemental analysis and showed a good agreement with 

the theoretical values. 

3.1. Characterization of the ligand (L) 

The ligand (L) was characterized by single crystal X-ray analysis, ESI-

MS, IR, UV-Vis and 
1
H NMR spectral techniques. 
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3.1.1. Micro analytical data 

The ligand was yellow coloured needle like single crystals of 4-(4-

benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-pyrazol-5-one 

(L). CHNS percentages were in good agreement with the suggested 

molecular formula, C25H23N3O2 (Table 1). It is non-hygroscopic and 

stable at normal atmospheric conditions. It melted at 153
o
C and soluble 

in DMSO, DMF, chloroform, etc. 

Table 1. Physico-chemical and analytical data of L 

Compound 

(Empirical 

Formula) 

Yield 

(%) 

Melting 

Point (
0
C) 

Colour 

CHNS Analysis Found % 

(Calculated) 

C H N 

C25H23N3O2 

 
76 153 Yellow 

75.475 

(75.88) 

5.786 

(5.78) 

10.566 

(10.46) 

 

3.1.2. Mass spectrum 

In the ESI - mass spectrum of L (Fig.2), the molecular ion peak at m/z 

398.28 (100%) (M+1), coincided with its formula weight (Mw: 

397.48g), which confirmed the formation of the 4-(4-

benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-pyrazol-5-one 

(L). 
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Fig.2. Mass spectrum of L 

3.1.3. 
1
H NMR spectrum                                                                                                                                                                                                                                  

The
1
H NMR spectrum of the Schiff base, L (Fig.3) showed two sharp 

peaks at δ3.15ppm and δ 2.49 ppm with integration equivalent to three 

hydrogens corresponding to the N-CH3 and C-CH3 groups, 

respectively. The presence of an electronegative oxygen, nitrogen and 

sp
2
 hybridized carbon tends to shift the NMR signal of nearby protons 

slightly downfield[11]. The azomethine hydrogen showed a sharp 

singlet at δ9.73 ppm. The multiplet signals observed in the range, 

δ7.02-7.84 ppm may be due to aromatic protons of L[12]. 

m/z=398.28 
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Fig.3. 
1
H NMR spectrum of L 

3.1.4. 
13

C NMR spectrum 

The prominent peaks in the 
13

C NMR spectrum of L (Fig.4) are: C(14)-

160.48, C(17)-160.94, C(15)-114.75, C(1)-124.15, C(24)-134.77, 

C(25)-10.03, C(26)-35.89, C(18)-136.57, C(22)-129.05, C(21)-118.78. 

The spectrum confirmed the formation of the Schiff base. 

 

Fig.4. 
13

C NMR spectrum of L 
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3.1.5. Thermo gravimetric analysis 

Thermo gravimetric analysis (TG) of a compound is used to establish 

its purity and   thermal stability. The analysis was carried out in 

nitrogen atmosphere over a temperature range of 30–500
0
C and at a 

heating rate of 10
0
C min

-1 
(Fig.5). The compound was stable upto 

295
0
C. The estimated mass loses at 296

0
C was 50%, which may be due 

to the successive decomposition of C25H23N3O2. 

 

Fig.5. TG curve of L 

3.2. Computational results 

3.2.1. Molecular structure 

The process of optimization of compound has led to a confirmer that 

has the lowest energy and highest stability. This is evident from the 
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frequency calculation, which shows no imaginary frequencies. The 

optimized structure of L is shown in Fig.7 and the values of the 

geometrical parameters are listed in Table 4 with experimental results. 

The atomic numbering scheme of the molecule was done by Ortep-3 

format (Fig.6). We used GaussView Atomic Numbering Scheme for 

all results other than comparison of experimental geometrical 

parameters with computational results. For the reliability of geometry 

calculations, the Pearson Correlation Analyses of Experimental and 

Theoretical Geometrical parameters of the compound was performed. 

From Table 2, it is clear that the theoretical results are in almost same 

harmony with the experimental results. The computed and 

experimental values of Root Means Square Deviations (RMSD) of 

bond distances and bond angles from experimental value were 0.03 Å 

and 1.04°, respectively. The correlations observed for calculated and 

experimental geometrical parameters were 0.93, 0.98 and 0.86 for 

bond length, bond angle and dihedral angle, respectively. 
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Table 2. Summary of crystal and structural refinement data for L 

Identification code                Shelx 

Empirical formula                C25 H23 N3 O2 

Formula weight                     397.46 

Temperature                        296(2) K 

Wavelength 0.71073 A
0 

Crystal system, space group Orthorhombic, P 21 21 21 

Unit cell dimensions   a = 6.5188(4) A   alpha = 90 deg. 

b = 18.6606(15) A    beta = 90 deg. 

c = 35.390(3) A   gamma = 90 deg. 

Volume                        4305.0(5) A^3 

Calculated density 

absorption coefficient, Z 

8,1.226 Mg/m^3 

Crystal size 0.500 x 0.350 x 0.350 mm 

Theta range for data collection    1.151 to 28.405 deg 

Limiting indices                    -8<=h<=5, -24<=k<=24, -47<=l<=46 

Absorption correction              Semi-empirical from equivalents 

Max. and min. transmission         0.973 and 0.962 

Refinement method                  Full-matrix least-squares on F^2 

Extinction coefficient             0.0137(17) 

 

 

Fig.6. Ortep diagram of L 
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Fig.7. The theoretical geometric structure (B3LYP/6-311++G (d, p) 

level) of 4-(4-benzyloxybenzalidene)amino-2,3-dimethyl-1-

phenyl-3-pyrazol-5-one (L) along with the molecular structure 

of 4-(4-benzyloxybenzalidene)amino-2,3-dimethyl-1-phenyl-3-

pyrazol-5-one (L), showing 50% probability displacement 

ellipsoids and the atom-numbering scheme. 

 

3.2.2. Description of crystal structure 

The compound, L crystallized in the orthorhombic space group P21 21 

21 with Z = 8 in the unit cell. The bond lengths andangles are within 

normal ranges and these values are comparable with those observed in 

other similar antipyrine Schiff bases. The selected bond lengths and 

bond angles are listed in Table 3. In this case, the C14 =N1 bond 

length, 1.286(7) Å conforms the double bond between C14 and N1. 

The distance between C15 and N1 is 1.387(6) Å, which is intermediate 
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between classical C-N and C=N bond lengths, because of the 

molecular conjugative effect. As expected, the molecule adopts a 

trans- configuration about the imine bond, C14 = N1. 

Table 3. Selected molecular structural parameters of L 

Bond length bond angle Dihedrals 

Atoms XRD DFT-gas Atoms XRD DFT-gas Atoms XRD DFT-gas 

C(1)-C(6) 1.32 1.39 C(6)-C(1)-C(2) 120.20 119.83 C(6)-C(1)-C(2)-C(3) 0.30 -0.03 

C(1)-C(2) 1.35 1.39 C(1)-C(2)-C(3) 119.30 119.99 C(1)-C(2)-C(3)-C(4) 1.00 0.06 

C(2)-C(3) 1.39 1.39 C(4)-C(3)-C(2) 120.20 120.58 C(2)-C(3)-C(4)-C(5) -1.70 0.01 

C(3)-C(4) 1.36 1.40 C(5)-C(4)-C(3) 118.40 119.01 C(2)-C(3)-C(4)-C(7) -178.90 -179.04 

C(4)-C(5) 1.34 1.40 C(5)-C(4)-C(7) 117.90 120.40 C(3)-C(4)-C(5)-C(6) 1.10 -0.11 

C(4)-C(7) 1.49 1.50 C(3)-C(4)-C(7) 123.60 120.57 C(7)-C(4)-C(5)-C(6) 178.50 178.95 

C(5)-C(6) 1.36 1.39 C(4)-C(5)-C(6) 121.30 120.57 C(2)-C(1)-C(6)-C(5) -1.00 -0.06 

C(7)-O(1) 1.40 1.44 C(1)-C(6)-C(5) 120.60 120.01 C(4)-C(5)-C(6)-C(1) 0.30 0.14 

C(8)-C(9) 1.34 1.40 O(1)-C(7)-C(4) 107.60 108.27 C(5)-C(4)-C(7)-O(1) -102.60 -83.97 

C(8)-O(1) 1.38 1.36 C(9)-C(8)-O(1) 125.90 124.83 C(3)-C(4)-C(7)-O(1) 74.60 95.07 

C(8)-C(13) 1.37 1.41 C(9)-C(8)-C(13) 119.10 119.64 O(1)-C(8)-C(9)-C(10) -178.60 179.94 

C(9)-C(10) 1.38 1.39 O(1)-C(8)-C(13) 115.00 115.53 C(13)-C(8)-C(9)-C(10) 1.00 0.01 

C(10)-C(11) 1.37 1.40 C(8)-C(9)-C(10) 120.00 119.37 C(8)-C(9)-C(10)-C(11) -1.40 0.01 

C(11)-C(12) 1.36 1.41 C(11)-C(10)-C(9) 122.20 121.68 C(9)-C(10)-C(11)-C(12) 0.80 -0.03 

C(11)-C(14) 1.46 1.46 C(12)-C(11)-C(10) 117.00 118.06 C(9)-C(10)-C(11)-C(14) -178.90 -179.94 

C(12)-C(13) 1.38 1.38 C(12)-C(11)-C(14) 122.60 122.57 C(10)-C(11)-C(12)-C(13) 0.00 0.03 

C(14)-N(1) 1.29 1.29 C(10)-C(11)-C(14) 120.50 119.38 C(14)-C(11)-C(12)-C(13) 179.70 179.93 

C(15)-C(17) 1.35 1.37 C(11)-C(12)-C(13) 121.10 120.94 C(11)-C(12)-C(13)-C(8) -0.30 -0.01 

C(15)-N(1) 1.39 1.38 C(12)-C(13)-C(8) 120.50 120.32 C(9)-C(8)-C(13)-C(12) -0.20 -0.01 

C(15)-C(16) 1.44 1.47 N(1)-C(14)-C(11) 119.70 121.99 O(1)-C(8)-C(13)-C(12) 179.40 179.95 

C(16)-O(2) 1.23 1.22 C(17)-C(15)-N(1) 121.40 123.24 C(12)-C(11)-C(14)-N(1) -4.80 0.31 

C(16)-N(2) 1.39 1.42 C(17)-C(15)-C(16) 108.70 107.64 C(10)-C(11)-C(14)-N(1) 174.90 -179.78 

C(17)-N(3) 1.36 1.39 N(1)-C(15)-C(16) 129.70 129.07 C(17)-C(15)-C(16)-O(2) 175.80 -176.39 

C(17)-C(18) 1.47 1.49 O(2)-C(16)-N(2) 123.50 124.35 N(1)-C(15)-C(16)-O(2) 0.60 1.01 

C(19)-N(3) 1.45 1.47 O(2)-C(16)-C(15) 132.10 130.91 C(17)-C(15)-C(16)-N(2) -3.20 1.46 

C(20)-C(21) 1.36 1.40 N(2)-C(16)-C(15) 104.40 104.70 N(1)-C(15)-C(16)-N(2) 178.40 178.86 

C(20)-C(25) 1.38 1.40 C(15)-C(17)-N(3) 110.30 110.95 N(1)-C(15)-C(17)-N(3) 174.10 174.99 

C(20)-N(2) 1.41 1.42 C(15)-C(17)-C(18) 128.90 127.67 C(16)-C(15)-C(17)-N(3) -1.60 2.60 

C(21)-C(22) 1.37 1.39 N(3)-C(17)-C(18) 120.70 121.37 N(1)-C(15)-C(17)-C(18) -8.20 5.43 

C(22)-C(23) 1.38 1.39 C(21)-C(20)-C(25) 120.10 120.06 C(16)-C(15)-C(17)-C(18) 176.10 176.98 

C(23)-C(24) 1.36 1.39 C(21)-C(20)-N(2) 118.10 118.91 C(25)-C(20)-C(21)-C(22) -0.50 -0.24 

C(24)-C(25) 1.37 1.39 C(25)-C(20)-N(2) 121.80 121.02 N(2)-C(20)-C(21)-C(22) 178.70 179.32 

   C(20)-C(21)-C(22) 119.50 119.54 C(20)-C(21)-C(22)-C(23) -0.40 1.01 

   C(21)-C(22)-C(23) 120.70 120.94 C(21)-C(22)-C(23)-C(24) 0.00 -0.76 

   C(24)-C(23)-C(22) 119.80 119.48 C(22)-C(23)-C(24)-C(25) 1.20 -0.26 

   C(23)-C(24)-C(25) 119.60 120.45 C(23)-C(24)-C(25)-C(20) -2.10 -178.11 

   C(24)-C(25)-C(20) 120.30 119.76 C(21)-C(20)-C(25)-C(24) 1.70 -0.76 

      N(2)-C(20)-C(25)-C(24) 179.80 179.69 
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3.2.3. Vibrational analysis 

The theoretical IR spectrum was compared with the experimental FT-

IR spectrum (Fig.8). They showed most of the bands at same position 

with almost the same shapes and intensities. However, a few of them 

were found to be slightly shifted. The selected bands in the IR 

spectrum confirmed the formation of the novel Schiff base, L. The 

experimental infrared spectrum of L showed a strong, intense band at 

1573 cm
-1 
(due to υC=N) indicating the presence of azomethine group. 

The band at 1621 cm
-1 
was due to υ(C=O). The high value of υ(C=N) 

was due to high conjugation (resonance effect) of the substituted 

double bonds. Generally, C-H vibrations appear in the range 3100-

3000 cm
-1 

[13]. The bands at 3043and 2930 cm
-1 

were  due to 

symmetric- and asymmetric stretching vibrations of aromatic C-H 

group [14]. The theoretical vibrations frequencies were studied by 

using DFT/ B3LYP method and 6-311++G(d,p) basis set level and 

showed good agreements with the  experimental results.  

3.2.4. Electronic spectrum and Frontier Molecular Orbital analysis  

The Gauss-Sum 3.0 Program was used to calculate group contributions 

to the molecular orbitals (HOMO and LUMO) and to prepare the 

density of the state (DOS), as shown in Fig.9. The experimental and 

simulated electronic absorption spectra of the compound are shown in 

Fig.10. The computed electronic spectrum of the molecule was in good 

agreement with the reported experimental spectrum. Experimental 

studies showed that the molecule had specific UV spectrum with an 

absorption maximum at 340.5 nm. Similarly, computed spectrum in 
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ethanol showed an absorption maxima at 346.29 nm (28877.53 cm
-1

). 

This result enlightened the UV filter activity of studied compound 

because according to literature, the potential candidate for UVB 

absorber should have molar extinction coefficient greater than 10000 

and λmax in between 280 to 400 nm. The molecular orbital distribution 

in each absorption further gave an insight into the electronic nature of 

the UV filter activity of the compound. 

 

Fig.8. FT-IR spectra of L (calculated and experimental) 
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Fig.9. The density of the states of L 

 

Fig.10. UV-Vis spectra of L (theoretical and experimental) 
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TD-DFT data provided absorption maxima, oscillator strengths and 

information on orbitals which are involved in the excitation. The 

percentage contribution of a molecular orbital (MO) configuration to 

the resulting excited state TD-DFT wave function is generally obtained 

as 100 x C x C x 2, where C is the coefficient printed by Gaussian for 

each excitation. The major absorption features, which are used to 

understand the electronic transition, such as, absorption wavelength 

(nm), oscillator strength (f), major transition and assigned charge 

transfer are listed in Table 4. Electronic spectrum of L recorded in 

ethanol showed sharp and intense bands at 331 and 231 nm which were 

attributed to n→π* and π→π*
 
transitions, respectively. The spectrum 

displayed bands in this range due to the non-bonding electrons present 

on the nitrogen of the azomethine group of the Schiff base. The 

theoretical absorption bands in ethanol were obtained at 346.29, 308.38 

and 301.08 nm with an oscillator strength of 1.206, 0.053 and 0.018, 

respectively. Similar bands were observed in experimental spectrum. 

The IEF-PCM calculations revealed that the absorption bands in 

ethanol have slight red-shifts compared to those obtained in the gas 

phase calculations made by TD-DFT method and these are very close 

to the experimental counterpart.  

Surfaces of the frontier orbitals were drawn to understand the bonding 

scheme of the compound. Here, six important molecular orbitals (MO) 

were examined. The third, second highest and highest occupied MOs 

are represented, respectively, by HOMO-2, HOMO-1 and HOMO. The 

lowest, second and third lowest unoccupied MOs are denoted as 
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LUMO, LUMO+1 and LUMO+2, respectively.  The topologies of 

frontier orbitals can be seen in Fig.11. The low-energy bands are 

mainly described by the HOMO to LUMO, HOMO-2 to LUMO and 

HOMO-1 to LUMO transitions. These absorption peaks appear 

significantly more intense than the peak due to HOMO-1 to LUMO+1 

transition. The overlap between the π and π* orbitals involved in the 

electronic transitions is a major requirement to increase oscillator 

strengths (i.e., to increase band intensities). Among these, HOMO to 

LUMO transitions exhibit relatively high oscillator strengths, mainly 

due to better overlapping of these orbitals. This observation is well 

explained by the HOMO-LUMO contours; here both MOs are 

distributed on the pyrazolone-and phenyl rings adjacent to azomethine 

group. The excellent overlap of HOMO and LUMO makes the 

transition more intense with high oscillator strength. 

 

 

 

 

 

 

 



Chapter 10 

 

 234 

 
 

  

  
4.02eV 3.98eV 

 

 

 

 

 

 

 

 

  

 
Gas media 

 
Ethanol media 

 

Fig.11. Electronic scheme showing the topology of frontier orbitals 

involved in the first π-π* transitions of L 
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Table 4. Theoretical absorption wavelengths λ (nm) and oscillator 

strengths of L in the gas- and ethanol media at the B3LYP/6-

311++G (d,p) level of theory 

 Energy (cm
-1

) 
Wavelength 

(nm) 

Oscillator 

Strength 
Major contributions 

Ethanol 

28877.87 346.29 1.206 
HOMO->LUMO 

(97%) 

32427.52 308.38 0.053 
H-2->LUMO (62%), 

H-1->LUMO (31%) 

33213.91 301.08 0.018 HOMO->L+1 (93%) 

34902.03 286.52 0.021 

H-2->LUMO (17%), 

H-1->LUMO (33%), 

HOMO->L+4 (30%) 

35244.01 283.74 0.155 

H-2->LUMO (12%), 

H-1->LUMO (30%), 

HOMO->L+4 (32%) 

35469.04 281.94 0.007 HOMO->L+3 (87%) 

Gas 

30902.33 323.60 1.035 
HOMO->LUMO 

(96%) 

32890.48 304.04 0.0011 
H-2->LUMO (66%), 

H-1->LUMO (27%) 

33636.55 297.30 0.008 HOMO->L+1 (95%) 

34753.62 287.74 0.0004 HOMO->L+2 (95%) 

35929.58 278.32 0.015 

H-1->LUMO (16%), 

HOMO->L+3 (12%), 

HOMO->L+4 (37%), 

HOMO->L+5 (11%) 

36641.77 272.91 0.1444 

H-2->LUMO (14%), 

H-1->LUMO (42%), 

HOMO->L+4 (30%) 

 

3.2.5. Molecular Electrostatic Potential (MEP) 

The molecular electrostatic potential (MEP) map is a plot of 

electrostatic potential mapped on to the constant electron density 

surface. Interpretation of MEP maps plays a key role in the 

identification of active sites in the molecule and it can be used to 

visualize and locate the reactive sites for electrophilic and nucleophilic 
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attack. It has applications in chemical bonding and in the synthesis of 

new compounds. Molecular Electrostatic Potential (MEP) was 

elucidated using the B3LYP/ 6-311++G(d,p) method to examine the 

reactive sites of the novel Schiff base ligand. The MEP of the L with 

the same level of theory is shown in Fig.11 (A). The negative regions 

(red) are mainly localized over the oxygen atom of the C=O group on 

the pyrazolone ring. Hence, this atom is the most reactive site for the 

electrophilic attack. FMO contours also support this result. HOMO 

contours can be seen over this C=O group while LUMO contours are 

not seen. The positive regions (blue) are localized over the H-atoms of 

the phenyl- and methyl groups, which are the reactive sites for 

nucleophilic attack. When the MEP of optimized geometry is 

examined, it can be seen that oxygen atom of keto group of the 

pyrazolone ring (most negative region) and H- atoms of   methyl- and 

phenyl groups on pyrazolone moiety (most positive region) are 

encoded regions and give equivalent results to the partial charge values 

obtained by Hirshfeld population analysis. Molecular structure and 

surface extrema are plotted in Fig.11 (B) and energy values of each 

surface extrema and their Cartesian coordinates are given in Table 5. 

Red and blue spheres correspond to surface maxima and minima, 

respectively. 
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Fig.11.(A). Molecular electrostatic potentials (MEP) 3D mapped on 

the electron density surface of L; (B). Molecular structure and 

surface extrema. 

Minimum 5(-43.16kcal/mol) is the global minimum on the surface. 

The large negative value is owing to the lone pair of electrons on 

oxygen. Maximum 8 (24.66kcal/mol) is global maximum arising from 

the positively charged H35. The MEP at this point is much larger than 

those at other maxima (where the MEP ranges from 10 to 15kcal/mol) 

(Table 5). This is because of the presence of nitrogen on the 

pyrazolone ring, which attracts the electron from H35.  

Moreover, surface properties such as surface area, enclosed volume, 

average value and standard of mapped functions for overall molecular 

surface are given in Table 6.  Local minima and maxima of mapped 

functions on the surface can also be seen in Table 6.  
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Table 5. Quantitative analysis of molecular surface of L 

The number of surface minima:    12 

  Sl No. a.u. eV      kcal/mol X Y Z 

1 -0.01999 -0.54386 -12.5418 -8.6846 -0.96607 -1.11623 

2 0.02411 0.656079 15.12955 -5.52255 3.951808 -2.06783 

3 -0.01317 -0.35843 -8.26549 -4.71862 -0.02365 -2.29753 

4 -0.01134 -0.30844 -7.11285 -4.62239 1.409078 2.013036 

5 -0.06879 -1.87176 -43.1637 -3.40207 -3.19827 -0.19382 

6 -0.03979 -1.08266 -24.9668 -0.66082 1.623099 1.721559 

7 -0.03782 -1.02926 -23.7354 -0.50164 2.344626 -1.20809 

8 -0.02735 -0.74428 -17.1634 1.356252 -0.03166 1.930148 

9 -0.02732 -0.74354 -17.1465 1.881086 0.238874 2.036793 

10 -0.02639 -0.71799 -16.5572 2.245565 1.405443 -1.83931 

11 -0.04454 -1.21198 -27.949 6.032039 1.583489 0.619086 

12 -0.01913 -0.52054 -12.0039 9.922552 -1.79863 -0.47572 

The number of surface maxima:    26 

Sl No. a.u. eV kcal/mol X Y Z 

1 0.022626 0.615675 14.19781 -10.1591 -3.47632 1.187112 

2 0.025051 0.681669 15.71967 -9.36536 -0.31817 3.196317 

3 0.027404 0.745691 17.19606 -8.11795 2.344626 -0.57153 

4 0.020481 0.557311 12.85191 -7.9104 -4.53471 -1.65816 

5 0.028895 0.786276 18.13198 -6.97041 3.675769 -1.38036 

6 0.026338 0.716701 16.52752 -6.73061 1.757872 2.421516 

7 -0.02606 -0.70923 -16.3553 -6.12652 -2.28568 1.539941 

8 0.039298 1.069366 24.66018 -5.6825 4.69187 0.187327 

9 0.01004 0.273215 6.300486 -5.53827 -2.6892 -2.72211 

10 0.026925 0.732674 16.89589 -5.36635 2.873803 -3.05748 

11 0.000531 0.014449 0.333201 -4.17802 0.252168 1.554564 

12 0.031741 0.863713 19.91771 -4.22961 4.579149 -1.45127 

13 -0.0111 -0.30216 -6.96796 -2.20468 0.093814 -1.93179 

14 0.015325 0.417011 9.616506 -0.95464 4.186531 0.823074 

15 0.011768 0.320222 7.384493 0.926872 3.362413 0.71491 

16 0.016659 0.453301 10.45337 1.065463 -3.37727 -1.13572 

17 0.014955 0.406933 9.384116 3.789317 3.328221 0.913089 

18 0.030708 0.835608 19.2696 4.516005 -3.06655 -0.86237 

19 0.025332 0.689309 15.89587 5.605306 -2.90344 1.384732 

20 0.024792 0.674618 15.55707 5.551615 -2.08819 -2.38662 

21 0.025678 0.698725 16.11299 6.690038 -2.1056 2.839969 

22 0.02463 0.670205 15.45532 6.92925 0.249056 -3.21186 

23 -0.02232 -0.60741 -14.0072 8.233172 1.423769 0.72597 

24 0.025355 0.689955 15.91076 10.46241 -0.83287 3.490079 

25 0.02534 0.689528 15.90092 10.58914 1.409718 -2.70965 

26 0.025634 0.697535 16.08555 12.33829 0.76385 0.596604 
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Table 6. Summary of surface analysis of L 

Volume 510.79562Å
2
 

Estimated density according to mass and volume 1.2921 g/cm^3 

Minimal value -43.16374 kcal/mol 

Maximal value 24.66018 kcal/mol 

Overall surface area 458.27601Å
2
 

Positive surface area 232.80628 Å
2
 

 Negative surface area 225.46973 Å
2
 

 

3.2.6. Fukui function and dual descriptor 

Fukui function is a real space function, which is commonly studied 

using visualization of isosurface. It is used to predict where the most 

electrophilic- and nucleophilic sites of a molecule are present. The 

countour graph of nucleophilic- electrophilic Fukui function and dual 

descriptor were generated and are given in Fig. 12 A, B and C, 

respectively. 
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Fig.12. The countour graph of nucleophilic Fukui function (A), 

electrophilic Fukui function (B) and dual descriptor (C) of L 

From Fig.12, it is clear that most of f
 –

 functions are localized on O53, 

N52, N50, C27 and O49 and ipso and meta carbon atoms of the central 

phenyl ring. Therefore, these positions of the Schiff base (L) ligand are 

reactive sites for the electrophilic attack and this observation is in 



Chapter 10 

 

 241 

agreement with the MEP map. While in the case of f+ function, most 

of the contours are focused on C29, C25, C15 and N50 indicating that 

the nucleophilic attack can take place on these sites. Fig.12(C) 

indicates dual descriptor contours. The region covered by negative 

isosurfaces (red) suggest that nitrogen and oxygen are activated for the 

electrophilic attack; this conclusion is in well agreement with Fukui 

function. The region covered by positive isosurfaces (green) suggest 

the possibility of a nucleophilic attack. From Fig.12, it can be 

concluded that C29 and C25 are major nucleophilic sites.  

The quantitative nature of reactive sites of compound can be estimated 

by "condensed" version of Fukui function and dual descriptor. In the 

condensed version, the amount of electron density distribution around 

an atom can be represented by population number. For this purpose, 

we have used the Hirshfeld charge, which is one of the most 

recommended method for population analyses and highly suitable to 

calculate condensed Fukui function and dual descriptor. The atomic 

charges for all atoms in the Schiff base in its N, N+1 and N-1 

electronic states and condensed f 
-
and f 

+
 and dual descriptor (Δf) are 

listed in Table 7. It has been reported that if Δf > 0, the site is 

favourable for a nucleophilic attack, whereas if Δf< 0, the site is 

favourable for an electrophilic attack. 

The order of Nucleophilic reactivity is: 25(C) > 29(C) > 50(N) > 15(C) 

> 31(H)   

Electrophilic reactivity is: 53(O) > 52(N) > 27(C) > 49(O) > 15(C) > 

50(N) 
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 The attack for free radicals is: 38(C) > 11(C)> 10(H) > 47(C) > 40(H) 

The dual descriptor order is: 25(C)> 29(C)> 31(H)> 1(C)>   

7(C)……….  49(O) > 27(C) > 52(N) > 53(O) 

Table 7 shows that for f
 -
, the two highest values occur at 53 (O) and 52 

(N). Therefore, these atoms are favourable sites for the electrophilic 

attack. For f 
+
, the two highest values occur at C25 and C29. Therefore, 

these atoms are favourable sites for nucleophilic attack. The central 

part of the Schiff base which includes the phenyl- and pyrazolone rings 

is favourable for nucleophilic-, electrophilic- and radical attacks. The 

dual descriptors also show a similar trend. For dual descriptor, the 

most positive values occur at C25 and C29, suggesting that they are the 

most unfavourable sites for the electrophilic attack. O53 and N52 have 

large negative values and hence are favoured by the attack of 

electrophilic reactants. Lower values of f 
-
 and f 

+
, occur on atoms of 

two phenyl rings at the end of the molecule, Fukui functions for sites 

located on two end phenyl ring moieties mainly have low indices. 

These sites are susceptible to neither nucleophilic- nor electrophilic 

attack. Reactions on sites with the high value of Fukui functions are 

frontier-controlled, while on those with low Fukui functions and high 

net charge values are charge-controlled. 

Table 7. The atomic charges for all atoms in L in its N, N+1 and N-1 

electronic states and condensed   f 
-
and f 

+
 and dual descriptor 

(Δf) 

Atom N N+1 N-1 f + f -  f 0 
∆f 

 

1(C ) -0.035 -0.051 -0.034 0.016 0.001 0.009 0.015 

2(H ) 0.042 0.033 0.043 0.009 0.000 0.005 0.009 

3(C ) -0.037 -0.053 -0.027 0.016 0.010 0.013 0.007 

4(H ) 0.042 0.030 0.050 0.012 0.008 0.010 0.004 

5(C ) -0.036 -0.055 -0.022 0.019 0.014 0.017 0.005 
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6(H ) 0.042 0.028 0.052 0.014 0.010 0.012 0.004 

7(C ) -0.037 -0.061 -0.027 0.023 0.010 0.017 0.013 

8(H ) 0.042 0.027 0.050 0.015 0.008 0.012 0.006 

9(C ) -0.036 -0.045 -0.034 0.009 0.002 0.006 0.007 

10(H ) 0.041 0.035 0.043 0.006 0.001 0.004 0.005 

11(C ) -0.002 -0.004 -0.011 0.002 -0.008 -0.003 0.010 

12(C ) 0.033 0.026 0.040 0.007 0.007 0.007 0.000 

13(H ) 0.035 0.024 0.045 0.010 0.010 0.010 0.000 

14(H ) 0.035 0.027 0.045 0.008 0.010 0.009 -0.002 

15(C ) 0.076 0.034 0.122 0.042 0.046 0.044 -0.004 

16(C ) -0.069 -0.092 -0.033 0.024 0.035 0.030 -0.012 

17(H ) 0.037 0.020 0.059 0.017 0.022 0.019 -0.004 

18(C ) -0.031 -0.063 0.004 0.032 0.035 0.034 -0.003 

19(H ) 0.044 0.025 0.063 0.018 0.020 0.019 -0.001 

20(C ) -0.021 -0.038 0.014 0.018 0.035 0.026 -0.017 

21(C ) -0.028 -0.058 -0.003 0.029 0.025 0.027 0.004 

22(H ) 0.039 0.022 0.054 0.017 0.015 0.016 0.001 

23(C ) -0.053 -0.077 -0.020 0.023 0.034 0.028 -0.010 

24(H ) 0.044 0.025 0.067 0.019 0.023 0.021 -0.004 

25(C ) 0.039 -0.031 0.075 0.070 0.036 0.053 0.034 

26(H ) 0.031 0.006 0.047 0.025 0.016 0.020 0.009 

27(C ) -0.018 -0.036 0.030 0.018 0.048 0.033 -0.030 

28(C ) 0.134 0.125 0.157 0.009 0.023 0.016 -0.014 

29(C ) 0.047 -0.011 0.083 0.058 0.036 0.047 0.022 

30(C ) -0.078 -0.095 -0.066 0.017 0.012 0.014 0.005 

31(H ) 0.041 0.006 0.060 0.035 0.019 0.027 0.017 

32(H ) 0.041 0.020 0.059 0.021 0.017 0.019 0.004 

33(H ) 0.046 0.034 0.055 0.012 0.009 0.010 0.002 

34(C ) -0.031 -0.051 -0.011 0.020 0.020 0.020 0.001 

35(H ) 0.046 0.027 0.062 0.020 0.015 0.017 0.004 

36(H ) 0.041 0.020 0.058 0.021 0.017 0.019 0.004 

37(H ) 0.035 0.003 0.058 0.033 0.023 0.028 0.010 

38(C ) 0.040 0.044 0.032 -0.004 -0.008 -0.006 0.004 

39(C ) -0.040 -0.046 -0.035 0.006 0.005 0.006 0.000 

40(H ) 0.044 0.039 0.048 0.005 0.004 0.005 0.001 

41(C ) -0.034 -0.048 -0.018 0.014 0.016 0.015 -0.002 

42(H ) 0.043 0.031 0.056 0.012 0.013 0.012 -0.001 

43(C ) -0.044 -0.066 -0.020 0.021 0.024 0.023 -0.003 

44(H ) 0.040 0.023 0.056 0.017 0.016 0.016 0.001 

45(C ) -0.040 -0.053 -0.024 0.014 0.016 0.015 -0.002 

46(H ) 0.041 0.026 0.054 0.015 0.013 0.014 0.002 

47(C ) -0.052 -0.057 -0.048 0.005 0.004 0.005 0.000 

48(H ) 0.036 0.026 0.040 0.010 0.004 0.007 0.006 

49(O ) -0.126 -0.145 -0.079 0.018 0.047 0.033 -0.029 

50(N ) -0.149 -0.192 -0.108 0.043 0.041 0.042 0.003 

51(N ) 0.000 -0.008 0.017 0.007 0.017 0.012 -0.010 

52(N ) -0.003 -0.025 0.054 0.022 0.057 0.040 -0.035 

53(O ) -0.296 -0.317 -0.229 0.021 0.067 0.044 -0.046 
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3.2.7. Hirshfeld Surface and Fingerprint Plot Analysis on Schiff 

base 

Hirshfeld surface analysis and the associated two-dimensional 

fingerprints calculations  were performed using Crystal Explorer 17.5 

[16]. This method is used to reveal weak interactions between 

monomers in the complex- or in molecular crystals. The analysis of the 

2D fingerprint plot with Hirshfeld surface provides an idea of the 

interactions within the crystal structures in a quantitative manner. The 

Hirshfeld surface parameters, de and di are described to visualize the 

properties of a molecule on the Hirshfeld surface. The term  de and di, 

are  the distances from the surface to the nearest nucleus external to the 

surface and internal to the surface, respectively [17]. The normalised 

contact distance, dnorm that include  de and di and Van der Waals radius 

of an atom are represented by Eq.1 [18]. A small value of dnorm 

indicates close intermolecular contact and implies evident interaction. 

(1) 

In Hirshfeld surface, intermolecular contacts closer than the sum of 

Van der Waals radii will be highlighted in red on the dnorm surface. 

Longer contacts are represented by blue and contacts around the sum 

of Van der Waals radii are plotted in white (Fig.13). 

vdw vdw

i i e e
norm vdw vdw

i e

d r d r
d

r r

 
 
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Fig.13. The Hirshfeld surface of the compound mapped with dnorm, the 

red spots represent C ‒ H∙∙∙N donor-acceptor interactions 

Fingerprint plot of Hirshfeld surface analysis [19] is handy for 

investigating the non-covalent interactions in molecular crystals. The 

fingerprint plot for the title compound is presented in Fig.14.  In this 

plot, X and Y correspond to di and de, respectively. The H∙∙∙H 

interactions appear in the middle of the scattered points in the two-

dimensional fingerprint plots with overall Hirshfeld surface of 54.3%. 

The H∙∙∙C/C∙∙∙H contacts are given in S6. These contacts are 

represented as regions in the bottom right (de< di, C∙∙∙H) of the related 

plots. It can be seen that there is one spike at the bottom left of the plot 

(i.e., short di and de) in H∙∙∙N/N∙∙∙H and H∙∙∙O/O∙∙∙H contacts. This 

observation suggests that Schiff base behaves as H-bond acceptor 

rather than hydrogen bond donor (the lower spike, di>de). 
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Fig.14. Fingerprint plots of L and H∙∙∙H, H∙∙∙C, H∙∙∙N and H∙∙∙O 

contacts, showing the percentages of contacts contributing to 

the total Hirshfeld surface area 
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3.2.8. Non-Linear Optical (NLO) Properties 

DFT has been extensively used as an effective method to investigate 

organic NLO materials. In this work, the polar properties of the Schiff 

base, L are also calculated at B3LYP/6-311++G(d,p) level using the 

Gaussian 09W program package. The electric dipole moment, 

polarizability and first-order hyperpolarizability of L are listed inTable 

8. Urea is one of the prototypical molecules used in the study of the 

NLO properties of the molecular systems. Therefore, it was often used 

as a threshold value for comparative purposes. The calculated values of 

αtot and βtot for the title compound are, respectively, 5.59×10
-23

 and 

1.04×10
-29 
esu, which are about 11.4 and 13.1 times higher than the αtot 

and βtot values of urea, which are, respectively, 4.91×10
-24 

and 7.91×10
-

31
esu obtained by the same method. Therefore, the title compound is a 

right candidate for NLO applications. 

Table 8. The electric dipole moment, polarizability and first-order 

hyperpolarizability of L calculated at B3LYP/6-

311++G(d,p) level 

Dipole 

moment 
L urea 

     First-order 

hyperpolarizability 
L urea 

μx -5.5×10-19 0.00 βxxx 7.05×10-30 2.1×10-36 

μy 2.36×10-18 -4.48×10-18 βxxy 3.49×10-32 -3.1×10-31 

μz -2.5×10-19 2.50×10-21 βxyy 2.57×10-30 -3.9×10-36 

μtot 2.44×10-18 4.48×10-18 βyyy -7.4×10-32 7.67×10-31 

Polarizability L urea βxxz 5.29×10-31 -1×10-35 

αxx 8.88×10-23 5.46×10-24 βxyz -8.2×10-31 5.17×10-35 

αxy -2.4×10-25 -8.2×10-31 βyyz -6.6×10-32 -7.3×10-35 

αyy 4.48×10-23 5.71×10-24 βxzz 6.74×10-31 -1.5×10-36 

αxz -1.3×10-24 -3.5×10-29 βyzz -1.6×10-31 3.3×10-31 

αyz 1.41×10-24 1.69×10-28 βzzz 7.76×10-31 -2.4×10-34 

αzz 3.41×10-23 3.56×10-24 
βtot 1.04×10-29 7.91×10-31 

αtot 5.59×10-23 4.91×10-24 
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4. Conclusions 

A novel Schiff base ligand, 4-(4-benzyloxybenzalidene)amino-2,3-

dimethyl-1-phenyl-3-pyrazol-5-one (L) was synthesized  and 

structurally characterized   by elemental analysis, SCXRD analysis, 

UV–VIS absorption, FT-IR, ESI-MS, 
13

C- and 
1
H NMR techniques. It 

was stable up to 296
0
C. The analysis of XRD data revealed its 

polycrystalline, orthorhombic structure with a space group of P 21 21 

21. The Hirshfeld surface and corresponding Fingerprint plot of the 

compound revealed weak interactions between monomers in in the 

molecular crystal of L. DFT calculations at B3LYP/6-311++G(d,p) 

provided detailed information of its molecular structure, electronic 

properties vibrational spectra, chemical reactivity, UV-filter activity 

and NLO effects. The results show that L can act as both UV-filter and 

NLO material and can be used as a promising optical material in 

future. 
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1. Introduction 

Theoretical chemistry utilizes various efficient computational 

programs to quantitatively calculate accurate structures, 

thermochemical properties and interactions of molecules. There are 

various methods in computational chemistry, such as ab initio, semi-

empirical and density functional theory (DFT) for theoretically 

predicting the structural characteristics of molecules.  DFT is one of 

the most popular and versatile method among them. It has been 

recognized as a promising auxiliary tool in investigating the 

interactions and biological- and chemical properties of biologically 

active compounds. It has been proved to be a reliable and potent tool 

with accuracy and cost effectiveness which account for its great 

success in the study of large systems. 

In this study, theoretical geometry optimization was done by 

DFT/B3LYP level with 6-311++G(d,p) Basis set in the ground state 

using the Gaussian 09W program and GAUSS-VIEW 5.0.9 

visualization program. The conformational studies were done with the 

aim of providing comprehensive structures, reactivities and stabilities 

of the ligands. The structural- and geometrical properties, frontier 

molecular orbital calculations, molecular electrostatic potential, 

chemical reactivity and NLO activity of most of the ligands 

synthesized during the present research program are performed and 

discussed in this chapter.  

  

https://www.sciencedirect.com/topics/medicine-and-dentistry/density-functional-theory
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2. Applications of DFT method 

2.1. Geometry optimization 

The process of optimization of compound led to a confirmer that has 

the lowest energy and highest stability. This was evident from the 

frequency calculation, which showed no imaginary frequencies. 

Geometrical optimization was done by using experimental and X-ray 

diffraction data of the molecules, whenever possible. DFT method, 

proposed by Hohenberg and Kohn [1], was used for the gas phase 

structure optimization process. 

2.2. GAUSSVIEW–GUI for GAUSSIAN 09W program 

It is a well featured graphical user interface for GAUSSIAN 09W 

program [2]. One can prepare input by using GAUSS-VIEW 5.0.9 

visualization program [3] and submit it to Gaussian for processing and 

can explain the output by Gaussian. GAUSS-VIEW can graphically 

portray the results of various calculations, such as molecular orbitals, 

atomic charges, surfaces from the electron density, electrostatic 

potential, NMR shielding density and many other properties. Surfaces 

may be displayed in solid-, translucent- and wire mesh modes. 

2.3. HOMO and LUMO analysis 

The highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) are the two important 

molecular orbitals which identify the chemical behaviour of a 

compound. The analysis of HOMO–LUMO interaction in a molecule 



Chapter 11 

 

 255 

can be used to describe various chemical properties such as reactivity, 

stability, biological activity, kinetics and so on of a molecule [4]. 

Knowledge of HOMO-LUMO energies is used to calculate important 

reactivity indices of a compound [5]. The small energy gap normally 

suggests a high chemical reactivity and low kinetic stability of a 

compound. 

2.4. Global descriptors 

According to the Koopmans‘ theorem [6], gas-phase vertical ionization 

energies (IP) and vertical electron affinities (EA) of the isomers are 

related to HOMO-LUMO energies through the equations, EA = -

ELUMO, IP = -EHOMO. The potential of a ligand to accept precisely one 

electron from a donor is referred as electron affinity. Electronegativity 

(χ) represents the power to attract electrons and is equal to the negative 

of the chemical potential. By using HOMO and LUMO energy values, 

global descriptors such as chemical hardness (η), [η = (I - A)/2], 

chemical softness (ζ), [ζ = 1/2η , chemical potential (μ), [μ = (ELUMO + 

EHOMO)/2  and the global electrophilicity index (ω), [ω = μ
2
/2η  can 

also be calculated.  

2.5. Molecular electrostatic potential 

The molecular electrostatic potential (MEP) map is a plot of 

electrostatic potential mapped on a constant electron density surface 

and can be used to visualize and locate the reactive sites for 

electrophilic- and nucleophilic attacks as well as biological activity and 

hydrogen bonding interactions [7]. The MEP at a given point in the 
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vicinity of a molecule can be expressed in terms of the interaction 

energy between the electrical charges generated by the molecule‘s 

electrons, nucleus and a positive test charge (a proton) located at the 

same point. MEP maps are colour-coded images of the calculated 

electron density surface. MEP maps display the charge distributions of 

the molecules and allow one to see the different charge regions. The 

charge distribution information is used to determine charge-dependent 

properties and interactions of molecules with each other. Interpretation 

of MEP maps plays a key role in the identification of active sites in a 

molecule. It has applications in chemical bonding and in the synthesis 

of new compounds. Moreover, MEP can simultaneously display 

molecular size, shape as well as positive, negative and neutral 

electrostatic potential regions in terms of colour grading. The order of 

the electrostatic potential is as follows: red < orange< yellow< green < 

blue. Negative regions of MEP are rich in electrons and are focused on 

electronegative atoms. Positive regions are electrons deficient and 

these sites are mainly around hydrogen atoms. 

2.6. Fukui functions 

Fukui functions have been widely used for the identification and 

prediction of the probable reactive sites in DFT calculations. Fukui 

function is defined as [8]; 

s
 

( )
( )

r
f r

N 

 
   
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Here, number of electrons present in a system is represented by the 

term N, electron density is denoted by ρ and the constant term in the 

partial derivative,  is the external potential acting on an electron due 

to all other electrons and nuclei. Generally, the reactive site has a 

larger value of Fukui function than the other regions. The dual 

descriptor is another function used to reveal reactive sites. It is defined 

as the difference between nucleophilic- and electrophilic Fukui 

functions. 

 

Fukui function and dual descriptor can be quantified based on 

population analysis techniques and can be termed as "condensed" 

version of Fukui function. In the condensed version, the atomic 

population number is used to represent the amount of electron density 

distribution around an atom. The condensed Fukui function and dual 

descriptor for an atom, k can be written as the following 4 equations: 

Nucleophilic attack:    fk
+
= qk (N + 1) - qk (N)     (1) 

Electrophilic attack:  fk
-
 =qk (N) - qk (N – 1)         (2) 

            Radical attack:   fk
0
 = (qk(N+1)- qk(N-1))/2           (3) 

            Dual descriptor:  ∆f(k) =[fk
+
- fk

-
]                           (4) 

where qk is the electronic population of atom, k in neutral (N), anionic 

(N+1) or cationic (N-1) chemical species, f
 –

measures reactivity 

towards electrophilic attack or the tendency of the compound to donate 

electrons, whereas  f
 +

measures reactivity towards nucleophilic attack 



( ) ( ) ( )f r f r f r   



Chapter 11 

 

 258 

or tendency of the compound to accept electrons. Fukui function is a 

real space function which is commonly studied by visualization of 

isosurface and are used to predict where the most electrophilic- and 

nucleophilic sites of a molecule are present. Morrel et al [9] have 

proposed a new dual descriptor, ∆fk for nucleophilicity and 

electrophilicity. If ∆fk> 0, the site is electrophilic and if ∆fk< 0, the site 

is nucleophilic. If the dual descriptor provides a positive value for a 

site, it is favourable for a nucleophilic attack and a negative value for 

electrophilic attack. 

2.7. Non-linear optical properties 

The π-electron conjugated compounds with asymmetric polarization 

induced by electron donor and acceptor groups are good candidates for 

non-linear optical (NLO) applications in optical signal processing, 

telecommunication, optical computing, optical switching and other 

photonic technologies [10, 11]. NLO effects originate from the 

interactions of electromagnetic fields in various media to produce new 

fields altered in phase, frequency, amplitude or other propagation 

characteristics from the incident fields [12]. Particles with expansive 

optical non-linearities have turned into a focal point of the recent 

research in perspective of their potential applications in different 

photonic technologies, including, all-optical exchanging and 

information preparation such as frequency shifting, optical modulation, 

optical switching, optical logic and optical memory. It has been 

discovered that organic molecules that exhibit extended π conjugation, 

in particular, show enhanced second order NLO properties with ultra-
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fast response times, lower dielectric constants, better processability 

characteristics and enhanced NLO responses as compared to the 

traditional inorganic solids. Hence, the search for novel organic 

molecules with extended π conjugation, capable of manipulating 

photonic signals, is currently an intense area of research. DFT has been 

extensively used as an effective method to investigate organic NLO 

materials. 

The non-linear optical response of an isolated molecule can be derived 

from its energy terms, which can be written as Taylor expansion 

concerning uniform external electric field, F, 

 

where μ is permanent dipole moment, which is a vector; α is 

polarizability, which is a matrix (second rank tensor) and β is first-

order hyperpolarizability, which is a third rank tensor and known as 

second-order non-linear optical response coefficient. It can be 

described by a 3*3*3 matrix. (Hyper) polarizability tensors are directly 

correlated to the frequency of external field, F. If F has zero-frequency 

(static electric field), the (hyper) polarizability is known as static or 

frequency-independent one. The dynamic or frequency-dependent 

(hyper) polarizabilities correspond to those at external electromagnetic 

fields with non-zero frequency. For static case, since all of the three 

indices are exchangeable, the remaining ten components are unique. 

According to Kleinman symmetry [13], the 27 components of the 3D 

2 3 4

0

1 1 1
( ) (0) ...

2 6 24
E F E F F F F       
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matrix can be reduced to ten components for a molecule with no 

symmetry. The components of β are defined as the coefficients in the 

Taylor series expansion of the energy in the external electric field. The 

calculation of the terms, αtot and βtot are defined as follows: 

 

 

 

 

 

Since the values of the polarizabilities (α) and first-order 

hyperpolarizabilities (β) of Gaussian 09W output are reported in 

atomic units (a.u.), the calculated values have been converted into 

electrostatic units (esu) (1 a.u. = 0.1482 × 10
-24 

esu for α; 1 a.u. = 

8.6393 × 10
−33

 cm
5
/esu for β) [14]. Urea is one of the prototypical 

molecules used in the study of the NLO properties of molecular 

systems. Therefore, its µ, αtot and βtot values are used frequently as 

threshold ones for comparative purposes. The µ, αtot and βtot of urea are 

1.3732 Debye,  4.91×10
-24 

and 7.91×10
-31 

esu, respectively, as obtained 

by B3LYP/6-311++G(d,p) method. 
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3. Computational details 

To obtain more information of chemical interest, the geometrical 

parameters of the compounds in the ground state was optimized by 

DFT/B3LYP levels with 6-311++G(d,p) Basis set using the Gaussian 

09W program and GAUSS-VIEW 5.0.9 visualization program. The 

starting molecular structure of the compound was obtained from the 

XRD data [RES file format was converted to GJF file format using 

Open Babel utility] or by drawing structures using Gauss view 

program. B3LYP [15] represents Becke's three parameters hybrid 

functional method with Lee-Yang-Parr (LYP) correlation functional 

which is best for predicting results of  molecular geometry and 

vibrational wavenumbers of a moderately large molecule. In order to 

know more about the compounds, HOMO–LUMO energy gap, global 

reactivity descriptors, MEP map and local reactivity descriptors were 

computed using the same method. To explore NLO properties, total 

static dipole moment (µ), linear polarizability (α) and mean first-order 

hyperpolarizability (βtot) were calculated using the above mentioned 

method. 

4. Results and discussion 

The following ligands were selected for computational studies: 

1. 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (DBMPTSC) 

2. 4-[N,N(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC) 
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3. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

(BBMPTSC) 

4. 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (AMPTSC) 

5. Crotonaldehyde isonicotinoylhydrazone (CINH) 

6. 4-[N,N(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(PDBINH) 

7. 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 

(AINH). 

4.1.  2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (DBMPTSC) 

4.1.1.  Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was chosen from X-ray 

refinement data. The optimized molecular structure, HOMO-, LUMO- 

and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) using the GAUSS-VIEW 5.0.9 program and are shown in 

Fig.1. The optimized geometry showed an energy of -1293.7692 a.u. 

Global descriptors such as chemical hardness, chemical softness, 

chemical potential, electronegativity and global electrophilic index 

were calculated using HOMO-LUMO energy values are tabulated in 

Table 1. The negative chemical potential value indicates the stability of 

the compound. The MEP surfaces obtained at B3LYP/6-311++G(d,p) 
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calculations are shown in Fig.1.The electronegative region extends 

over oxygen atoms of hydroxyl groups and sulphur atom bonded to 

carbon through double bond indicating that they are potential sites for 

electrophilic process. The electropositive region is found to be spread 

over the hydrogen atoms of the compound. These are sites for 

nucleophilic attack. The relatively high negative value of HOMO 

indicates the high capacity of the compound to donate electrons to 

appropriate acceptor. Theoretically, HOMO– LUMO energy gap is 

found to be 4.074 eV. The lower HOMO-LUMO energy gap promotes 

charge transfer within the molecule which may impart biological 

activity to the molecule. The lower energy band gap implies high 

reactivity of the molecule and better non-linear optical activity too. 

 

Fig.1. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plot of DBMPTSC 
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Table 1. Global descriptive parameters 

EHOMO -5.6950 Softness ζ 0.2454 

ELUMO -1.6207 Chemical potential µ -3.6579 

Ionization potential IP 5.6950 Electronegativity χ 3.6579 

 Electron affinity EA 1.6207 Global electrophilic index ω 3.2839 

Hardness ƞ 2.0371 Dipole moment 6.6828D 

 

4.1.2. Fukui functions of DBMPTSC 

The calculated Fukui functions for the charged- (N+1 and N-1) as well 

as the neutral species (N) and dual descriptor ∆f(k) of DBMPTSC are 

summarized in Table 2. Mulliken population analysis performed on the 

compound showed that S35 and N30 have highest values of f
-
. This 

indicates that these positions of the compound are good reactive sites 

for the electrophilic attack and this observation is in agreement with 

the MEP map. The O31 and O33 have low f 
–
values, indicating that 

these sites are not much nucleophilic compared to S35 and N30. The 

dual descriptors of S35 and N30 atoms are less than zero and therefore, 

these sites are favourable for electrophilic attack. 
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Table 2. The atomic charges for all atoms in DBMPTSC in its N, N-1 

and N+1 electronic states and condensed   f 
-
and f 

+
 and dual 

descriptor (Δf) 

Atom       N      N-1     N+1 f + f - f 0 ∆f 

C1 0.192111 0.20719 0.068179 -0.12393 -0.01508 -0.06951 -0.10885 

C3 0.029698 0.069971 -0.05082 -0.08052 -0.04027 -0.0604 -0.04025 

C5 0.031295 0.105504 -0.02606 -0.05736 -0.07421 -0.06578 0.016853 

C7 0.004666 0.04575 -0.02765 -0.03232 -0.04108 -0.0367 0.008768 

C9 0.199269 0.212439 0.021398 -0.17787 -0.01317 -0.09552 -0.1647 

C11 -0.18792 -0.15331 -0.15493 0.032992 -0.03461 -0.00081 0.067605 

C12 0.425514 0.451999 0.376813 -0.0487 -0.02649 -0.03759 -0.02222 

C16 0.105276 0.148681 -0.06834 -0.17362 -0.04341 -0.10851 -0.13021 

C17 -0.1657 0.076205 -0.11222 0.053486 -0.24191 -0.09421 0.295395 

C19 0.380616 0.397359 0.364139 -0.01648 -0.01674 -0.01661 0.000266 

C20 0.235709 0.257611 0.214303 -0.02141 -0.0219 -0.02165 0.000496 

C21 -0.07664 -0.02528 -0.13119 -0.05455 -0.05136 -0.05295 -0.00319 

C23 -0.20761 -0.19511 -0.23487 -0.02727 -0.0125 -0.01988 -0.01477 

C24 -0.10308 -0.03743 -0.13306 -0.02998 -0.06565 -0.04781 0.035674 

C26 -0.5355 -0.50233 -0.58049 -0.04498 -0.03317 -0.03908 -0.01181 

N28 -0.13371 -0.04128 -0.23491 -0.10121 -0.09243 -0.09682 -0.00878 

N29 0.612111 0.565717 0.684375 0.072264 0.046394 0.059329 0.02587 

N30 0.298504 0.256772 0.31522 0.016716 0.041732 0.029224 -0.02502 

O31 -0.6762 -0.67712 -0.69762 -0.02142 0.000921 -0.01025 -0.02234 

O33 0.197886 0.144555 0.10555 -0.09233 0.053331 -0.04617 -0.14566 

S35 -0.57296 -0.36122 -0.69781 -0.12486 0.21174 -0.1683 -0.3366 

 

4.1.3. Non-linear optical effects of DBMPTSC 

The computed electric dipole moment, polarizability and first-order 

hyperpolarizability of DBMPTSC are presented in Table 3. Usually, 

urea is used as a reference for the characterization of organic non-

linear materials. The calculated values of αtot and βtot for the compound 

are, respectively, 3.87×10
-23

 and 1.33×10
-29 

esu, which are about 7.9 

and 16.8 times higher than those of urea obtained by the same method. 

The dipole moment of the compound is 4.86 times higher than that of 

urea. The higher first-order hyperpolarizability of the compound than 
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that of urea indicates that it could be a potential molecule for future 

studies of non- linear optical properties. 

Table 3. The electric dipole moment, polarizability and first-order 

hyperpolarizability of DBMPTSC calculated at B3LYP/6-

311++G(d,p) level 

Dipole 

moment 
DBMPTSC urea 

 First-order 

hyperpolarizability 
DBMPTSC urea 

μx 4.03×10
-18

 0.00 βxxx 1.09×10
-29

 2.1×10
-36

 

μy -5.32×10
-18

 -4.48×10
-18

 βxxy 1.16×10
-30

 -3.1×10
-31

 

μz -3.07×10
-19

 2.50×10
-21

 βxyy 2.07×10
-30

 -3.9×10
-36

 

μtot 6.68×10
-18 

4.48×10
-18

 βyyy -2.65×10
-30

 7.67×10
-31

 

Polarizability DBMPTSC urea βxxz -3.05×10
-31

 -1×10
-35

 

αxx 5.39×10
-23

 5.46×10
-24

 βxyz 7.88×10
-33

 5.17×10
-35

 

αxy 7.58×10
-25

 -8.2×10
-31

 βyyz -1.43×10
-32

 -7.3×10
-35

 

αyy 3.96×10
-23

 5.71×10
-24

 βxzz 3.06×10
-31

 -1.5×10
-36

 

αxz -1.14×10
-24

 -3.5×10
-29

 βyzz 4.76×10
-31

 3.3×10
-31

 

αyz 7.14×10
-25

 1.69×10
-28

 βzzz 4.53×10
-32

 -2.4×10
-34

 

αzz 2.32×10
-23

 3.56×10
-24

 
βtot 1.33×10

-29
 7.91×10

-31
 

αtot 3.87×10
-23

 4.91×10
-24

 
 

4.2. 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC) 

4.2.1. Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was drawn by using GAUSS-

VIEW 5.0.9 program. The optimized molecular geometry, HOMO-, 

LUMO- and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) and are shown in Fig.2. The optimized geometry showed 

an energy -1277.2598 a.u. Global descriptors such as ionization 

potential, chemical hardness, chemical softness, chemical potential, 

electronegativity and global electrophilicity index were calculated by 

using HOMO-LUMO energy values and are tabulated in Table 4. The 



Chapter 11 

 

 267 

ease of electron donation is represented by ionization potential (IP). 

The compound with low IP may be more active. The stability of a 

compound is related to chemical potential, µ. The observed µ value of 

this compound (-3.3252), indicates the high stability of the compound. 

The red region mainly stretches over sulphur atom bonded to carbon 

through double bond and nitrogen atoms of thiosemicarbazone moiety. 

These are probable sites for electrophilic attack. The blue region of the 

compound is over hydrogen atoms which are potential sites for 

nucleophile attack.  

 

Fig.2. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plot of PDBMPTSC 

Table 4. Global descriptive parameters 

EHOMO -5.3051 Softness ζ 0.2525 

ELUMO -1.3453 Chemical potential µ -3.3252 

Ionization potential IP 5.3051 Electronegativity χ 3.3252 

 Electron affinity EA 1.3453 Global electrophilic index ω 2.7923 

Hardness ƞ 1.9799 Dipole moment 6.0827D 
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4.2.2. Fukui functions of PDBMPTSC 

The calculated Fukui indices for cationic, anionic and neutral species 

of the compound are tabulated in Table 5. The high f 
– 

values of S21 

and N17 indicate that these sites are prone to electrophilic attack. The 

negative dual descriptor values also concede that these sites are 

nucleophilic. The f 
+
values of C16 and C24 are, 0.590 and 0.668, 

respectively. ∆f >0 showed that these sites are electrophilic. All these 

results are in good agreement with the MEP map of the compound. 

Table 5. The atomic charges for all atoms in PDBMPTSC in its N, 

N+1 and N-1 electronic states and condensed   f 
+
and f

-
 and 

dual descriptor (Δf) 

Atom     N     N-1    N+1      f +      f -     f 0 ∆f 

C1 -0.20117 0.085866 -0.0588 0.142372 -0.28704 -0.07233 0.429407 

C2 -0.09646 -0.04621 0.090797 0.187258 -0.05025 0.068503 0.23751 

C3 -0.70073 -0.32481 -0.68579 0.014943 -0.37592 -0.18049 0.390865 

C4 0.04366 -0.06954 -0.11493 -0.15859 0.113202 -0.02269 -0.27179 

C5 0.176532 0.058557 0.042223 -0.13431 0.117975 -0.00817 -0.25228 

C6 -0.17267 -0.81471 -0.87946 -0.70679 0.642034 -0.03238 -1.34882 

N11 0.145107 0.07039 -0.09685 -0.24195 0.074717 -0.08362 -0.31667 

C12 0.10337 0.1985 -0.09278 -0.19615 -0.09513 -0.14564 -0.10102 

C16 0.66458 1.14492 1.254981 0.590401 -0.48034 0.055031 1.070741 

N17 -0.01252 -0.23535 -0.30697 -0.29445 0.222827 -0.03581 -0.51728 

N18 0.405085 0.352494 0.332604 -0.07248 0.052591 -0.00994 -0.12507 

C20 -0.14998 -0.10508 -0.0907 0.059279 -0.0449 0.007189 0.10418 

S21 -0.49624 -1.5492 -1.60748 -1.11124 1.052965 -0.02914 -2.16421 

N22 0.529923 0.566472 0.613894 0.083971 -0.03655 0.023711 0.12052 

C23 -0.36808 -0.29914 -0.66123 -0.29315 -0.06894 -0.18104 -0.22421 

C24 0.069321 0.705053 0.737549 0.668228 -0.63573 0.016248 1.30396 

C25 -0.045 0.350563 0.296089 0.341093 -0.39557 -0.02724 0.73666 

C26 -0.10412 0.177603 0.100681 0.204797 -0.28172 -0.03846 0.486516 

C28 0.122144 0.071915 -0.0028 -0.12495 0.050229 -0.03736 -0.17517 

C30 -0.13269 0.070025 -0.06784 0.064857 -0.20272 -0.06893 0.267574 

C34 0.112891 0.40866 0.341367 0.228476 -0.29577 -0.03365 0.524245 

C38 0.107045 0.183016 -0.14458 -0.25162 -0.07597 -0.1638 -0.17565 
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4.2.3. Non-linear optical effects of PDBMPTSC 

The calculated dipole moment (µ), linear polarizability (αtotal) and first-

order hyperpolarizability (βtotal) of the compound, PDBMPTSC are 

6.0827 Debye, 4.35×10
-23

 and 1.99×10
-29

 cm
5
/esu, respectively,  and 

are presented in Table 6. Theoretically, the linear polarizability (αtotal) 

of the compound is nine times higher than that of urea. It can be noted 

that the first-order hyperpolarizability (βtot) of the compound is twenty 

five times higher than that of urea. The higher value of 

hyperpolarizability is related with the intramolecular charge transfer, 

resulting between π-electronic conjugation from electron donor and 

accepter groups. The physical properties of this π-conjugated 

compound are due to high degree electron charge delocalization along 

the charge transfer axis and also due to small band gap.  The dipole 

moment of the molecule is four times higher than that of urea. 

Table 6. The electric dipole moment, polarizability and first-order 

hyperpolarizability of PDBMPTSC calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx 5.39×10
-18

 βxxx -2.04×10
-29

 

μy -1.91×10
-18

 βxxy 6.98×10
-30

 

μz 2.07×10
-19

 βxyy 8.28×10
-31

 

μtot 6.08×10
-18 

βyyy 9.29×10
-31

 

         Polarizability βxxz 3.94×10
-31

 

αxx 6.68×10
-23

 βxyz -1.47×10
-31

 

αxy 2.30×10
-25

 βyyz -8.25×10
-31

 

αyy 3.50×10
-23

 βxzz 1.22×10
-30

 

αxz 2.80×10
-25

 βyzz -1.52×10
-31

 

αyz 1.34×10
-24

 βzzz -2.21×10
-31

 

αzz 2.86×10
-23

 
βtot            1.99×10

-29
 

αtot 4.35×10
-23
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4.3.  4-Benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (BBMPTSC) 

4.3.1. Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was obtained by using GAUSS-

VIEW 5.0.9 program. The optimized geometry showed an energy of-

1488.9101 a.u. The optimized molecular geometry, HOMO-, LUMO- 

and MEP plots of BBMPTSC have been generated at B3LYP/6-

311++G(d,p) using the GAUSS-VIEW 5.0.9 program and are shown in 

Fig.3. Theoretically, HOMO– LUMO energy gap was found to be 

3.735 eV. Global descriptors such as chemical hardness, chemical 

softness, chemical potential and the global electrophilicity index were 

also calculated and are listed in Table 7. The negative chemical 

potential value shows the stability of a compound. In the MEP map of 

the compound, the red region is positioned on the N and S atoms 

linked with carbon through double bonds, which can be considered as 

sites for electrophilic attack. However, the blue region of the 

compound is shown to be spread over the hydrogen atoms and these 

sites are prone to nucleophilic attack. 
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Fig.3. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plot of BBMPTSC 

Table 7. Global descriptive parameters 

EHOMO -5.1971 Softness ζ 0.2676 

ELUMO -1.4615 Chemical potential µ -3.3293 

Ionization potential IP 5.1971 Electronegativity χ 3.3293 

Electron affinity EA 1.4615 Global electrophilic index ω 2.9672 

Hardness ƞ 1.8677 Dipole moment 8.5239D 

 

4.3.2. Fukui functions of BBMPTSC 

The condensed Fukui functions (fk
+
), ( fk

-
), ( fk

0
) and dual descriptor 

∆f(k) of BBMPTSC are given in Table 8. The higher values of f 
–
 show 

that the nitrogen atom of imine group (N21) and thione sulphur (S18) 

are potential nucleophilic sites. The value of dual descriptor, ∆fA< 0 

shows that these sites are more susceptible to electrophilic attack. 

From this it is implied that these atoms of BBMPTSC are potential 
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donor sites and can coordinate to metal(II) ions to form complexes. 

This is also conceded by electrostatic potential map of the compound. 

N19 and O34 have low f
+
 values indicating that they are weak 

electrophilic sites. The dual descriptor, ∆f > 0 suggest that these sites 

may undergo nucleophilic attack. C4 and C26 have high ∆f values 

indicating their good electrophilic nature. These results are also 

conceded by MEP of the compound. 

Table 8. The atomic charges for all atoms in BBMPTSC in its N, N-1 

and N+1 electronic states and condensed   f 
- 
and f 

+
 and dual 

descriptor (Δf) 

Atom N      N-1     N+1 f +      f -      f 0 ∆f 

N1 0.466561 0.511265 0.570565 0.104004 -0.0447 0.02965 0.148708 

C2 -0.79354 -1.44453 -1.47547 -0.68193 0.650992 -0.01547 -1.33292 

C3 1.34223 0.452468 0.417943 -0.92429 0.889762 -0.01726 -1.81405 

C4 -0.45087 0.30035 0.322311 0.773179 -0.75122 0.010981 1.524397 

C5 -0.1522 0.219099 0.108294 0.260498 -0.3713 -0.0554 0.631801 

C7 0.558541 0.253104 0.204693 -0.35385 0.305437 -0.02421 -0.65929 

C9 -0.16964 -0.33159 -0.41411 -0.24447 0.161951 -0.04126 -0.40642 

C13 0.126341 0.296458 0.20157 0.075229 -0.17012 -0.04744 0.245346 

C17 -0.53998 0.103922 -0.12421 0.415776 -0.6439 -0.11406 1.05968 

S18 1.22421 0.862277 0.984863 -0.23935 0.361933 0.061293 -0.60128 

N19 -0.02243 0.10642 0.072208 0.094635 -0.12885 -0.01711 0.223482 

N21 -0.33565 -0.67898 -0.75078 -0.41513 0.343329 -0.0359 -0.75846 

C23 -0.07317 0.218448 0.141925 0.215095 -0.29162 -0.03826 0.506713 

C24 -0.05339 0.001028 -0.42416 -0.37077 -0.05442 -0.21259 -0.31636 

C25 -0.07789 0.087792 -0.13747 -0.05958 -0.16569 -0.11263 0.106108 

C26 -0.56114 0.050719 -0.00589 0.555247 -0.61186 -0.02831 1.167106 

C27 0.476962 0.354277 0.166939 -0.31002 0.122685 -0.09367 -0.43271 

C29 -0.30321 0.199322 0.087656 0.390868 -0.50253 -0.05583 0.893402 

C31 -0.37287 -0.62233 -0.64473 -0.27186 0.249455 -0.0112 -0.52131 

O34 0.023056 0.054952 -0.00428 -0.02734 -0.0319 -0.02962 0.004557 

C35 -0.19972 -0.35683 -0.35336 -0.15363 0.157103 0.001736 -0.31073 

C38 0.362182 0.584307 0.554592 0.19241 -0.22213 -0.01486 0.414535 

C39 0.097374 -0.05151 -0.08933 -0.18671 0.148879 -0.01891 -0.33559 

C40 -0.4737 -0.03659 -0.05622 0.417484 -0.43711 -0.00981 0.854593 

C41 0.02239 -0.02106 -0.1047 -0.12709 0.043452 -0.04182 -0.17055 

C43 0.093811 0.000943 -0.08424 -0.17805 0.092868 -0.04259 -0.27092 

C45 -0.21425 -0.11374 -0.16462 0.049635 -0.10052 -0.02544 0.15015 
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4.3.3. Non-linear optical effects of BBMPTSC 

In the present study, NLO behaviour of BBMPTSC was investigated 

by the determination of the first-order hyperpolarizability (β), electric 

dipole moment (µ) and the polarizability (α) by using B3LYP/6-

311++G(d, p) basis set using the Gaussian 09W program package. The 

electric dipole moment, polarizability and first-order 

hyperpolarizability of BBMPTSC are listed in Table 9. One of the 

important criteria for a molecule to behave as a good NLO material is 

that it should have a large value of the first-order hyperpolarizability 

(β). The calculated values of αtot and βtot for the compound are, 

respectively, 3.14×10
-24

 and 9.56×10
-30 

esu, which are about 0.64 and 

12.1 times higher than those of urea, which are, respectively, 

 4.91×10
-24  

and 7.91×10
-31 

esu obtained by the same method. The 

dipole moment of the compound is six times higher than that of urea. 

The first-order hyperpolarizability of BBMPTSC is 12 times higher 

than that of urea and thus it could be a potential molecule for future 

studies of non-linear optical properties. 
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Table 9. The electric dipole moment, polarizability and first-order 

hyperpolarizability of BBMPTSC calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx 7.28×10
-18

 βxxx -7.78×10
-30

 

μy -4.39×10
-18

 βxxy 1.14×10
-30

 

μz 5.97×10
-19

 βxyy -1.46×10
-30

 

μtot 8.52×10
-18 

βyyy 1.07×10
-30

 

          Polarizability βxxz 1.13×10
-30

 

αxx -6.96×10
-23

 βxyz 2.28×10
-31

 

αxy -1.58×10
-25

 βyyz 1.30×10
-31

 

αyy 4.42×10
-23

 βxzz 1.16×10
-31

 

αxz -1.13×10
-24

 βyzz 1.01×10
-32

 

αyz 7.27×10
-25

 βzzz 4.69×10
-31

 

αzz 3.47×10
-23

 
                βtot 9.56×10

-30
 

αtot 3.14×10
-24

 

 

4.4. 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (AMPTSC) 

4.4.1. Optimized structure, MEP and Global descriptive 

parameters 

The initial geometry of the molecule was drawn by using GAUSS-

VIEW 5.0.9 program. The optimized molecular geometry, HOMO-, 

LUMO- and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) and are shown in Fig.4. The optimized geometry showed 

an energy of -1372.3935 a.u. Global descriptors such as ionization 

potential, chemical hardness, chemical softness, chemical potential, 

electronegativity and global electrophilicity index are calculated by 

using HOMO-LUMO energy values and are tabulated in Table 10. The 
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electronegative region extends over oxygen atom of hydroxyl group 

and sulphur atom bonded to carbon through double bond indicating 

that they are potential sites for electrophilic process. The 

electropositive region is found to be spread over the hydrogen atoms of 

the compound and these sites favour nucleophilic attack. 

 

Fig.4. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plot of AMPTSC 
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Table 10. Global descriptive parameters 

EHOMO -5.6877 Softness ζ 0.2283 

ELUMO -1.3075 Chemical potential µ -3.4976 

Ionization potential IP 5.6877 Electronegativity χ 3.4976 

Electron affinity EA 1.3075 Global electrophilic index   ω 2.7928 

Hardness ƞ 2.1901 Dipole moment 6.0827D 

 

4.4.2. Fukui functions of AMPTSC 

The mulliken charges and corresponding fukui functions of the atoms 

in the compound are given in Table 11. The high f 
– 

values of S26 and 

N22 imply that these sites are susceptible to electrophilic attack. This 

is also confirmed by the dual descriptor values of these atoms. O10 

acts as a potential site for nucleophilic attack. These results are in 

accordance with MEP data of the compound. C17 shows high value of 

f
+
 indicating that it is a potential electrophilic site. The atoms such as 

N23, N27, C32, and C25 are favourable for nucleophilic attack. By 

virtue of high electron density, sulphur and azomethine nitrogen can 

provide electrons to metal ions to form complexes. Thus, the ligand 

acts as a potential bidentate one which is confirmed by MEP and Fukui 

function analysis. 

  



Chapter 11 

 

 277 

Table 11. The atomic charges for all atoms in AMPTSC in its N, N-1 

and N+1 electronic states and condensed   f 
+
and f

-
 and dual 

descriptor (Δf) 

Atom N N-1 N+1      f +      f -      f 0 ∆f 

C1 -0.36153 -0.34134 -0.35545 0.006083 -0.0202 -0.00706 0.026278 

C2 -0.55168 -0.41442 -0.62075 -0.06907 -0.13727 -0.10317 0.068195 

C3 0.432793 0.520358 0.330589 -0.1022 -0.08757 -0.09488 -0.01464 

C4 0.054263 0.139491 -0.00544 -0.0597 -0.08523 -0.07246 0.025528 

C5 -0.03098 0.045658 -0.16262 -0.13164 -0.07664 -0.10414 -0.055 

C6 0.07247 0.121866 0.053942 -0.01853 -0.0494 -0.03396 0.030868 

O10 1.124138 1.092824 1.133452 0.009314 0.031314 0.020314 -0.022 

O12 -0.24146 -0.21062 -0.25751 -0.01605 -0.03083 -0.02344 0.014784 

C13 0.202089 0.239701 0.167108 -0.03498 -0.03761 -0.0363 0.002631 

C17 -1.15202 -1.16642 -1.10433 0.047687 0.014403 0.031045 0.033284 

C18 -0.06984 0.011557 -0.17884 -0.109 -0.0814 -0.0952 -0.0276 

N22 0.713297 0.679562 0.655303 -0.05799 0.033735 -0.01213 -0.09173 

N23 0.204014 0.194124 0.222416 0.018402 0.00989 0.014146 0.008512 

C25 0.01141 0.087931 0.03465 0.02324 -0.07652 -0.02664 0.099761 

S26 0.412682 0.36191 0.380255 -0.03243 0.050772 0.009173 -0.0832 

N27 0.423078 0.406685 0.430517 0.007439 0.016393 0.011916 -0.00895 

C28 0.263359 0.301666 0.185889 -0.07747 -0.03831 -0.05789 -0.03916 

C32 -0.93287 -0.91483 -0.7667 0.166176 -0.01804 0.074066 0.18422 

C33 0.517934 0.56571 0.382489 -0.13545 -0.04778 -0.09161 -0.08767 

C34 -0.70609 -0.44582 -0.94049 -0.23439 -0.26028 -0.24734 0.025882 

C35 -0.17657 -0.14962 -0.24756 -0.07099 -0.02696 -0.04897 -0.04404 

C37 -0.10542 -0.07135 -0.16603 -0.06061 -0.03406 -0.04734 -0.02655 

C39 -0.10306 -0.05463 -0.17089 -0.06783 -0.04842 -0.05813 -0.01941 

 

4.4.3. Non-linear optical effects of AMPTSC 

The computed electric dipole moment, polarizability and first-order 

hyperpolarizability of AMPTSC are presented in Table 12. The 

calculated values of αtot and βtot for the compound are, respectively, 

3.99×10
-23

 and 5.34×10
-30 

esu, which are about 8.13 and 6.75 times 

higher than those of urea obtained by the same method. The dipole 

moment of the compound is 2.25 times higher than that of urea. 
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Table 12. The electric dipole moment, polarizability and first-order 

hyperpolarizability of AMPTSC calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx -5.97×10
-19

 βxxx -3.64×10
-30

 

μy -2.03×10
-18

 βxxy 3.71×10
-31

 

μz 2.41×10
-19

 βxyy -1.85×10
-30

 

μtot 3.08×10
-18 

βyyy -2.39×10
-30

 

          Polarizability βxxz 4.38×10
-31

 

αxx 4.72×10
-23

 βxyz         1.13×10
-31

 

αxy 2.58×10
-25

 βyyz 4.91×10
-31

 

αyy 4.36×10
-23

 βxzz 5.43×10
-31

 

αxz -2.66×10
-24

 βyzz -3.77×10
-31

 

αyz 2.15×10
-25

 βzzz 3.26×10
-32

 

αzz 2.89×10
-23

 
                βtot          5.34×10

-30
 

αtot 3.99×10
-23

 

 

4.5. Crotanaldehyde isonicotinoylhydrazone (CINH) 

4.5.1. Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was confirmed from X-ray 

refinement data. The optimized molecular structure, HOMO-, LUMO- 

and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) using the GAUSS-VIEW 5.0.9 program and are shown in 

Fig.5. The optimized geometry showed an energy of -627.2931 a.u. 

Global descriptors such as chemical hardness, chemical softness, 

chemical potential, electronegativity and global electrophilic index 

calculated using HOMO-LUMO energy values are tabulated in Table 

13. The negative chemical potential value indicates the stability of the 
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compound. The MEP analysis and surfaces obtained at B3LYP/6-

311++G(d,p) are shown in Fig.5 in which the electronegative region is 

found to be spread over oxygen atom bonded to carbon through double 

bond, nitrogen of the pyridine moiety and the inter linked nitrogen 

atoms of  hydrazone moiety, indicating that they are potential sites for 

electrophilic process. The electropositive region is found to be spread 

over the hydrogen atoms of the compound. These are sites for 

nucleophilic attack. 

 

Fig.5. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plots of CINH 
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Table 13. Global descriptive parameters 

EHOMO -6.5462  Softness ζ 0.2284 

ELUMO -2.1690 Chemical potential µ -4.3576 

Ionization potential IP 6.5462 Electronegativity χ 4.3576 

 Electron affinity EA 2.1690 Global electrophilic index   ω 4.3381 

Hardness ƞ 2.1886 Dipole moment 5.4087D 

 

4.5.2. Fukui functions of CINH 

The mulliken charges and corresponding fukui functions of the atoms 

in the compound are given in Table 14. The f 
– 

values of O23, N12 and 

N24 are 0.170, 0.130 and 0.149, respectively. These values imply that 

these sites are susceptible to electrophilic attack. This is also confirmed 

by dual descriptor values of these atoms. These results are supported 

by MEP of the compound. C13 shows high f 
+
 value (0.184) which 

indicates that it is a potential electrophilic site.  By virtue of high 

electron density, amide oxygen and azomethine nitrogen prefer to 

coordinate with metal ions to form complexes. Thus, the ligand may 

acts as a potential bidentate one which is confirmed by MEP and Fukui 

function analysis. 
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Table 14. The atomic charges for all atoms in CINH in its N, N-1 and 

N+1 electronic states and condensed   f 
+
and f

-
 and dual 

descriptor (Δf) 

Atom N N-1 N+1      f +      f -      f 0 ∆f 

C1 0.424945 0.678569 0.43563 0.010685 -0.25362 -0.12147 0.264309 

C3 0.051687 0.199393 0.032781 -0.01891 -0.14771 -0.08331 0.1288 

C5 -0.32162 -0.17711 -0.39431 -0.07269 -0.1445 -0.1086 0.071814 

C7 -0.23857 -0.36339 -0.40613 -0.16756 0.124819 -0.02137 -0.29238 

C9 -0.12275 0.026337 -0.13097 -0.00823 -0.14908 -0.07866 0.140855 

C10 -0.65093 -0.7355 -0.7195 -0.06857 0.084571 0.008002 -0.15314 

N11 0.193552 0.302183 0.182915 -0.01064 -0.10863 -0.05963 0.097994 

N12 -0.20643 -0.3367 -0.40841 -0.20198 0.130271 -0.03586 -0.33225 

C13 0.167973 0.540031 0.35245 0.184477 -0.37206 -0.09379 0.556535 

C15 0.26248 0.475665 0.16546 -0.09702 -0.21319 -0.1551 0.116165 

C17 0.023844 0.333507 0.13455 0.110706 -0.30966 -0.09948 0.420369 

C19 -0.00654 -0.04564 -0.29862 -0.29208 0.039098 -0.12649 -0.33118 

O23 -0.25341 -0.42398 -0.49212 -0.23872 0.170575 -0.03407 -0.40929 

N24 0.675762 0.526641 0.546273 -0.12949 0.149121 0.009816 -0.27861 

 

4.5.3. Non-linear optical effects of CINH 

The computed electric dipole moment, polarizability and first-order 

hyperpolarizability of CINH are presented in Table 15.The calculated 

values of αtot and βtot for the compound are, respectively, 2.51×10
-23

 

and 1.09×10
-29 

esu, which are about 5.12 and 13.8 times higher than 

those of urea obtained by the same method. The dipole moment of the 

compound is 3.94 times higher than that of urea. The higher first-order 

hyperpolarizability of the compound than that of urea indicates that it 

could be a potential molecule for future studies of non- linear optical 

properties. 
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Table 15. The electric dipole moment, polarizability and first-order 

hyperpolarizability of CINH calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx -3.48×10
-18

 βxxx -1.07×10
-29

 

μy -3.98×10
-18

 βxxy 8.79×10
-31

 

μz 1.11×10
-18

 βxyy -4.53×10
-31

 

μtot 5.41×10
-18 

βyyy -7.55×10
-31

 

Polarizability βxxz 2.77×10
-32

 

αxx 4.13×10
-23

 βxyz -2.10×10
-31

 

αxy -2.71×10
-24

 βyyz -1.57×10
-31

 

αyy 2.11×10
-23

 βxzz 2.13×10
-30

 

αxz 7.74×10
-26

 βyzz -2.47×10
-31

 

αyz -2.39×10
-25

 βzzz -2.18×10
-31

 

αzz 130×10
-23

 
βtot 1.09×10

-29
 

αtot 2.51×10
-23

 

 

4.6. 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(PDBINH) 

4.6.1. Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was drawn by using GAUSS-

VIEW 5.0.9 program. The optimized molecular geometry, HOMO-, 

LUMO- and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) and are shown in Fig.6. The optimized geometry showed 

an energy of -875.6570 a.u. Global descriptors such as ionization 

potential, chemical hardness, chemical softness, chemical potential, 

electronegativity and global electrophilicity index are calculated by 

using HOMO-LUMO energy values and are tabulated in Table 16. The 
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energy values of HOMO-LUMO indicate the electron donating and 

accepting trend of a compound. Comparatively high negative energy 

value of HOMO indicates the high electron donating tendency of the 

compound. The calculated HOMO-LUMO energy gap is 3.9821 eV. It 

pointed out that the chemical potential of the compound is negative 

and it is stable. The MEP map of the surface provides idea about the 

electrophilic- and nucleophilic centers and mode of interactions with 

other compounds. The electronegative centers are mainly focussed on 

oxygen atom bonded to carbon through double bond, nitrogen on 

pyridine moiety and interlinked nitrogen atoms of hydrazone moiety. 

These are potential sites for electrophilic attack. The hydrogen atoms 

of the compound act as nucleophilic centers.  

 

Fig.6. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plots of PDBINH 
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Table 16. Global descriptive parameters 

EHOMO -5.7781         Softness  ζ 0.2511 

ELUMO -1.7959         Chemical potential µ -3.7870 

Ionization potential IP 5.7781          Electronegativity  χ 3.7870 

Electron affinity EA 1.7959   Global electrophilic index   ω 3.5948 

Hardness ƞ 1.9910             Dipole moment 9.0281D 

 

4.6.2. Fukui functions of PDBINH 

The calculated Fukui functions for cationic, anionic and neutral species 

of the compound are tabulated in Table 17. The f 
–
values of O21, N31 

and N17 are 0.258, 0.077 and 0.4343, respectively. These values 

indicate that these sites are potentially nucleophilic. The negative dual 

descriptor values also concede that these sites are nucleophilic. The f 

+
values of C22, C23, C3, N18, C16   and C2 are, 0.492, 0.139, 0.250, 

0.107, 0.035 and 0.013, respectively. The values of ∆f > 0 show that 

these sites are electrophilic. All these results are in good agreement 

with the MEP map of the compound.  
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Table 17. The atomic charges for all atoms in PDBINH in its N, N-1 

and N+1 electronic states and condensed   f 
+
and  f

-
 and dual 

descriptor (Δf) 

Atom N N-1 N+1      f 
+
      f 

-
      f 

0
 ∆f 

C1 -0.02692 0.122504 -0.05854 -0.03163 -0.14942 -0.09052 0.11779 

C2 -0.00415 -0.0277 0.008653 0.012799 0.023555 0.018177 -0.01076 

C3 -0.63928 -0.23777 -0.38887 0.250403 -0.40151 -0.07555 0.65191 

C4 -0.09444 -0.04092 -0.14728 -0.05284 -0.05352 -0.05318 0.000677 

C5 -0.05733 -0.01178 -0.11029 -0.05296 -0.04555 -0.04926 -0.00741 

C6 0.149594 0.14097 0.031507 -0.11809 0.008624 -0.05473 -0.12671 

N11 0.114166 0.094829 -0.01879 -0.13296 0.019337 -0.05681 -0.1523 

C12 0.076127 0.241428 -0.00242 -0.07855 -0.1653 -0.12192 0.086755 

C16 -0.93684 -0.76108 -0.90285 0.033989 -0.17575 -0.07088 0.209742 

N17 1.3978 0.963421 0.99292 -0.40488 0.434379 0.01475 -0.83926 

N18 0.012976 0.17946 0.120406 0.10743 -0.16648 -0.02953 0.273914 

C20 -0.56366 -0.64535 -0.65642 -0.09276 0.081683 -0.00554 -0.17444 

O21 -0.22287 -0.48127 -0.55264 -0.32977 0.258401 -0.03569 -0.58817 

C22 0.141408 0.584573 0.634041 0.492633 -0.44317 0.024734 0.935798 

C23 0.111082 0.334163 0.250626 0.139544 -0.22308 -0.04177 0.362625 

C24 0.768151 0.710134 0.516075 -0.25208 0.058017 -0.09703 -0.31009 

C25 -0.19003 -0.17074 -0.33497 -0.14495 -0.01928 -0.08211 -0.12566 

C27 -0.36016 -0.33254 -0.37989 -0.01973 -0.02762 -0.02368 0.007888 

N31 0.187049 0.109879 0.030657 -0.15639 0.07717 -0.03961 -0.23356 

C33 0.137301 0.227778 -0.03192 -0.16922 -0.09048 -0.12985 -0.07875 

 

4.6.3. Non-linear optical effects of PDBINH 

The computed electric dipole moment, polarizability and first-order 

hyperpolarizability of PDBINH are presented in Table 18. The 

calculated values of αtot and βtot for the compound are, respectively, 

1.06×10
-22

 and 2.74×10
-29 

esu, which are about 21.7 and 34.6 times 

higher than those of urea obtained by the same method. The dipole 

moment of the compound is 6.57 times higher than that of urea. The 

smaller frontier orbital energy gap and high dipole moment of the 

compound are responsible for its NLO activity. The first-order 

hyperpolarizability of the compound is higher than that of urea and 



Chapter 11 

 

 286 

thus it could be a potential molecule for future studies as a non- linear 

optical material. 

Table 18. The electric dipole moment, polarizability and first-order 

hyperpolarizability of PDBINH calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx 8.95×10
-18

 βxxx 2.87×10
-29

 

μy -1.08×10
-18

 βxxy 3.01×10
-30

 

μz 5.05×10
-19

 βxyy -6.05×10
-31

 

μtot 9.03×10
-18 

βyyy 9.79×10
-31

 

         Polarizability βxxz -1.25×10
-30

 

αxx 5.64×10
-23

 βxyz          1.99×10
-31

 

αxy 3.68×10
-25

 βyyz 3.36×10
-31

 

αyy 2.86×10
-23

 βxzz -1.09×10
-30

 

αxz -6.24×10
-25

 βyzz 1.04×10
-31

 

αyz 5.61×10
-25

 βzzz 7.82×10
-31

 

αzz 2.15×10
-23

 
                βtot           2.74×10

-29
 

αtot 1.06×10
-22

 

 

4.7. 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 

(AINH) 

4.7.1. Optimized structure, MEP and Global descriptive 

parameters  

The initial geometry of the molecule was drawn by using GAUSS-

VIEW 5.0.9 program. The optimized molecular geometry, HOMO-, 

LUMO- and MEP plots of the compound have been done at B3LYP/6-

311++G(d,p) and are shown in Fig.7. The optimized geometry showed 

an energy of -970.7875 a.u. Global descriptors such as ionization 
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potential, chemical hardness, chemical softness, chemical potential, 

electronegativity and global electrophilicity index were calculated by 

using HOMO-LUMO energy values and are tabulated in Table 19. 

Electronegative region extends over oxygen atoms bonded to carbon 

through double bond, nitrogen on pyridine moiety, oxygen atom of 

hydroxyl- and methoxy groups and interlinked nitrogen atoms of 

hydrazone moiety, indicating that they can act as potential sites for 

electrophilic process. The electropositive region is found to be spread 

over the hydrogen atoms of the compound. These are sites for 

nucleophilic attack. 

 

Fig.7. a) Optimized molecular structure, b) HOMO-, LUMO- and c) 

MEP plot of AINH  
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Table 19. Global descriptive parameters 

EHOMO -5.9391 Softness ζ 0.25042 

ELUMO -1.9458 Chemical potential µ -3.9424 

Ionization potential IP 5.9391 Electronegativity χ 3.9424 

Electron affinity EA 1.9458 Global electrophilic index   ω 3.9953 

Hardness ƞ 1.9966 Dipole moment 7.4177D 

 

4.7.2. Fukui functions of AINH 

The calculated Fukui indices for cationic, anionic and neutral species 

of the compound are tabulated in Table 20. The f 
– 

values of O35, N22 

and N36 are 0.312, 0.480 and 0.031, respectively, which indicate that 

these sites are potentially nucleophilic. The negative dual descriptor 

values also support this. O10 and O12 are also nucleophilic sites with   

f 
-
 values of 0.043 and 0.147, respectively.  The f 

+ 
values of C25, C27, 

C6, C17, C31 and C13 are, 0.485, 0.309, 0.393, 0.216, 0.088 and 

0.069, respectively. The ∆f >0 showed that these sites are electrophilic 

and are potential sites for nucleophilic attack.  All these results are in 

good agreement with the MEP map of the compound.  
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Table 20. The atomic charges for all atoms in AINH in its N, N-1 and 

N+1 electronic states and condensed   f 
+
and f

-
 and dual 

descriptor (Δf) 

Atom N      N-1     N+1 f 
+
 f 

+
 f 

+
    ∆f 

C1 0.52501 0.183249 0.096843 -0.42817 0.341761 -0.0432 -0.76993 

C2 0.184554 0.095196 -0.03071 -0.21526 0.05583 -0.07972 -0.27109 

C3 -0.23827 0.064162 -0.52344 -0.28518 0.078839 -0.10317 -0.36402 

C4 -0.06912 -0.06943 -0.08583 -0.01671 -0.06825 -0.04248 0.051538 

C5 -0.03842 0.064066 -0.0692 -0.03078 -0.10248 -0.06663 0.071704 

C6 -0.67973 -0.32249 -0.28651 0.393223 -0.35724 0.01799 0.750467 

O10 0.053314 0.010228 -0.17216 -0.22548 0.043086 -0.09119 -0.26856 

O12 -0.25591 -0.40304 -0.45908 -0.20318 0.14713 -0.02802 -0.35031 

C13 0.201083 0.399018 0.269914 0.068831 -0.19794 -0.06455 0.266766 

C17 -0.04806 0.144332 0.168403 0.216467 -0.1924 0.012036 0.408863 

C18 -0.32407 -0.10974 -0.38174 -0.05767 -0.21432 -0.136 0.15665 

N22 0.575203 0.128724 -0.12644 -0.70164 0.480007 -0.11082 -1.18165 

N23 0.173027 0.542051 0.011221 -0.16181 0.108865 -0.02647 -0.27067 

C25 -0.51748 -0.04165 -0.03167 0.485806 -0.47583 0.004989 0.961634 

C26 0.412651 -0.42403 -0.38867 -0.80132 0.836678 0.017678 -1.638 

C27 0.572006 0.922441 0.881155 0.309149 -0.35044 -0.02064 0.659584 

C28 0.590295 0.786807 0.571098 -0.0192 -0.19651 -0.10785 0.177315 

C29 -0.56766 -0.48124 -0.57934 -0.01168 -0.08643 -0.04905 0.074749 

C31 -0.31412 -0.17069 -0.22529 0.08883 -0.14343 -0.0273 0.232257 

O35 0.854085 -0.31711 0.546939 -0.30715 0.312034 0.002444 -0.61918 

N36 -0.03838 -0.00087 -0.1855 -0.14712 0.031049 -0.05803 -0.17817 

 

4.7.3. Non-linear optical effects of AINH 

The computed electric dipole moment, polarizability and first-order 

hyperpolarizability of AINH are presented in Table 21. The calculated 

values of αtot and βtot for the compound are, respectively, 3.41×10
-23

 

and 3.92×10
-29 

esu, which are about 6.95 and 49.56 times higher than 

those of urea obtained by the same method. The dipole moment of the 

compound is 5.41 times higher than that of urea. Higher the dipole 

moment, stronger is the intermolecular interaction. The higher value of 

hyperpolarizability is correlated with the intramolecular charge 
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transfer, resulting from π-electronic conjugation from electron donor to 

accepter groups. The physical properties of this π-conjugated 

compound are governed by high degree electron charge delocalization 

along charge transfer axis and by small band gap. The higher first-

order hyperpolarizability of the compound than that of urea indicates 

that it could be a potential molecule for future studies of non- linear 

optical properties. The smaller frontier orbital energy gap and high 

dipole moment of the compound may increase its NLO activity. 

Table 21. The electric dipole moment, polarizability and first-order 

order hyperpolarizability of AINH calculated at B3LYP/6-

311++G(d,p) level 

          Dipole moment First-order hyperpolarizability 

μx 6.43×10
-18

 βxxx 1.38×10
-29

 

μy 3.67×10
-18

 βxxy -3.28×10
-30

 

μz 3.81×10
-19

 βxyy 1.82×10
-30

 

μtot 7.42×10
-18 

βyyy -2.62×10
-30

 

          Polarizability βxxz 1.59×10
-31

 

αxx 4.84×10
-23

 βxyz 1.83×10
-31

 

αxy -1.01×10
-24

 βyyz 2.25×10
-31

 

αyy 3.44×10
-23

 βxzz 1.95×10
-31

 

αxz -2.12×10
-24

 βyzz -4.59×10
-31

 

αyz 7.32×10
-25

 βzzz 1.86×10
-31

 

αzz 1.96×10
-23

 
βtot 1.09×10

-29
 

αtot 3.41×10
-23

 

 

5. Conclusions 

Geometries of all the compounds were optimized using DFT 

calculations at 6-311++G(d,p) level. Global reactivity descriptor 

parameters were calculated and analysed using HOMO–LUMO. The 
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MEP maps and Fukui functions show the total charge distribution and 

chemical reactivities of the compounds. MEP helps to understand the 

electron density which is useful for determining the electrophilic- and 

nucleophilic regions. It is found that negative potential sites are on the 

electronegative atoms and the positive potential sites are around the 

hydrogen atoms. All the compounds showed higher value of linear 

polarizabilities, first-order hyperpolarizabilities and the dipole moment 

than urea. Based on the total static dipole moment (µ), the linear 

polarizability (αtot) and the mean first-order hyperpolarizability (βtot), 

4-hydroxy-3-methoxyacetophenone isonicotinoylhydrazone, 4-[N,N-

(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone and 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone are  most suitable compounds for further 

investigations as NLO materials. 
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1. Introduction 

Thiosemicarbazones are an important class of multidentate ligands. 

Transition metal complexes of thiosemicarbazone have important 

physiological and pharmacological activities. They show anti-tumour, 

anti-viral and anti-bacterial activities[1, 2]. They are also used as 

fungicides and pesticides[3].  Thiosemicarbazones with OH group at 

the ortho position to azomethine group are of interest mainly due to the 

possibility of hydrogen bonds,   either O-H...N or O...H-N type and 

tautomerism between enol-imine and keto-amine forms. 

 A detailed literature survey revealed that [ortho-

(poly)hydroxybenzaldehyde] thiosemicarbazone and its first row 

transition metal complexes  have remarkable  anti-bacterial, anti-viral 

and SOD activities[4-6]. Antioxidant-, antimicrobial- and mutagenic 

activities and DNA interaction studies of Ni(II) complexes of 4-

methoxy-3-benzyloxybenzaldehyde thiosemicarbazone were  reported 

by Chetana et al[7]. The biological activities of Mn(II) and Co(II) 

complexes of benzyloxybenzaldehyde-4-phenyl-3-thiosemicarbazone 

were reported by Prathima et al[8]. The results showed that the 

complexes were more active than the free ligand. Elena Pahontu et 

al[9]  reported the results of in vitro antibacterial activity of 1-phenyl-

3-methyl-4-benzoyl-5-pyrazolone4-ethyl-thiosemicarbazone the 

complexes against Escherichia coli, Salmonella abony, Staphylococcus 

aureus and Bacillus cereus and the antifungal activity against Candida 

albicans strains. They concluded that the metal complexes showed 

better activity when compared to the free ligand. The effect of the free 

ligand and their metal complexes on the proliferation of HL-60 cells 
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was also tested. The studies on biological activities of complexes of 

zinc(II), cadmium(II), mercury(II), palladium(II) and platinum(II) with 

2-acetylpyridine-4-methyl-thiosemicarbazone were reported by Elena 

Bermejo et al[10]. Among the complexes, only that of zinc(II) showed 

appreciable activity. The studies on biological properties of copper(II) 

complex of 4[N-benzilidene)amino]antipyrinethiosemicarbazone and 

4[N-(4'-methoxybenzilidene)amino]antipyrinethiosemicarbazone were 

reported by Agarwal et al[11]. The synthesis and antibacterial 

activities of twelve zinc(II) complexes of semi- and 

thiosemicarbazones were reported by Noriko Chikaraishi Kasuga et 

al[12]. It was revealed from the studies that the presence of bulky 

groups on the terminal nitrogen of the thiosemicarbazone moiety 

considerably enhanced their activity.  

                       Hydrazones are another important class of related compounds with 

immense therapeutic-, industrial-, analytical- and biological 

applications. Transition metal complexes of hydrazones have gained 

great interest because of their versatile biological activities such as 

antitubercular-, antibacterial-, antifungal-, antitumor-, antiviral- and 

anti-inflammatory activities [13-16].  

A number of studies are available on the biological activities of 

hydrazones. Surendra Prasad and Ram K. Agarwal reported the 

magneto-spectral, electrochemical-, thermal- and antimicrobial 

investigations of nickel(II) complexes  of N-isonicotinamido-

furfuraldimine[17]. They concluded that this complex showed 

moderate antibacterial- and antifungal activities. Moksharagni et al[18] 

reported that in vitro antibacterial activity of nicotinic- and isonicotinic 
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acid hydrazides of 2-formylpyridine, 2-acetylpyridine and 2-

benzoylpyridine.They were screened for the activities against 

Staphylococcus aureus,  Bacillus subtilis, Escherichia coli and 

Salmonella typhi. Isonicotinoylhydrazones showed more antibacterial 

activity than the corresponding nicotinoylhydrazones. Antibacterial 

study of series of complexes of Mn(II), Co(II), Ni(II), Cu(II) and 

Cd(II) with isonicotinoylhydrazone-4-diphenylaminobenzaldehyde 

(INHDAB) has been reported by Mitu et al[19]. These compounds 

were screened against Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Salmonella enteritidis and Shigella flexneri 

bacterial strains. The metal complexes showed higher activity than the 

parent ligand.  

In view of these observations, it has been decided to evaluate the 

antibacterial- and antifungal activities of the N(4)-disubstituted 

thiosemicarbazones of several carbonyl compounds, 4-[N,N-

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone and a few of 

their metal complexes that we have synthesized. 

2. Antibacterial activity 

The antibacterial activities of the following ligands, 

 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  (DBMPTSC) (HL),  

 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC) (HL), 
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 4-Benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  (BBMPTSC) (HL),   

 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone  (AMPTSC), (HL) and 

 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(PDBINH), (HL) and the Co(II), Ni(II) and Cu(II) complexes 

of the above ligands were evaluated. 

2.1. Materials and methods 

2.1.1. Culture medium  

Mueller Hinton Agar M173 of HiMedia was used to prepare Petri 

plates for conducting antibacterial studies. Suspended 38 g of agar in 

1000 ml of distilled water. The suspension was heated to boiling to 

dissolve it completely. Sterilized by autoclaving at 15 lbs pressure at 

121°C for 15 minutes. Cooled to 45-50°C, mixed well and poured on 

sterile Petri plates. 

2.1.2. Inoculums details   

Inoculums were procured from The Microbial Type Culture Collection 

and Gene Bank (MTCC), Chandigarh. 

Table 1. The inoculums details of test-bacteria 

Bacteria MTCC No    Incubation condition 

Staphylococcus aureus  87       37
0
C for 24 hours  

Bacillus subtilis  2413       37
0
C for 24 hours  

Pseudomonas aeruginosa  424       37
0
C for 24 hours  

Escherichia coli  443       37
0
C for 24 hours 
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2.1.3. Antibacterial activity by Agar well Diffusion method 

Agar well diffusion method is widely used to evaluate the 

antimicrobial activity. The determination of antibacterial activities of 

the compounds was done by using Muller Hinton Agar medium 

(HIMEDIA- M173). Same amount (15-20 mL) of Mueller-Hinton agar 

was poured on glass Petri plates of same size and allowed to solidify. 

Wells with a diameter of 8 mm (20 mm apart from one another) were 

punched aseptically with a sterile cork borer on each plate. 

Standardized inoculums of the test organism were uniformly spread on 

the surface of these plates using sterile cotton swab. Sample solution 

(40 µL and 80 µL) at desired concentration from 10mg/mL stock 

solution was added to two wells.  Gentamycin as positive-and the 

solvent (DMSO) used for sample preparation as negative controls were 

added to third and fourth well, respectively.  Then the agar plates were 

incubated under suitable conditions depending upon the test 

microorganism. After incubation, clear zone was observed. Inhibition 

of the bacterial growth was measured in mm.  

3. Results and discussion 

3.1. 2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (DBMPTSC),  (HL) 

Evaluation of antibacterial activities of 2,4-dihydroxybenzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (HL) and its Co(II), Ni(II), and 

Cu(II)  complexes were carried out using Agar well Diffusion method. 

The structure of the ligand, HL is given in Fig.1. 
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Fig.1. 2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) 

Table 2. Antibacterial activity of 2,4-dihydroxybenzaldehyde N(4)- 

methyl(phenyl)thiosemicarbazone and its complexes 

ANTIBACTERIAL ASSAY 

Organism name Zone of inhibition (mm) 

Samples 
Concentration of 

samples 
P. aeruginosa E. coli S. aureus  B. subtilis 

HL 

Standard Gentamycin 

(80mcg) 
25 21 22 29 

Negative control - - - - 

T1(400mcg) 12 - - 18 

T2(800mcg 16 - - 20 

Co(II) 

complex 

Standard Gentamycin 

(80mcg) 
25 22 22 30 

Negative control - - - - 

T1(400mcg) - - - - 

T2(800mcg) - - - 11 

Ni(II) 

complex 

 

 

 

 

Standard Gentamycin 

(80mcg) 
25 22 23 28 

Negative control - - - - 

T1(400mcg) - 10 - 17 

T2(800mcg) - 12 12 20 

Cu(II) 

complex 

Standard Gentamycin 

(80mcg) 
24 22 22 30 

Negative control - - - - 

T1(400mcg) - - - 21 

T2(800mcg) - - 11 25 
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Fig.2. Antibacterial activity of Ligand (denoted as L), Cu(II) and Ni(II) 

complex on the B. subtilis 

 

 

Fig.3. Antibacterial activity of ligand (denoted as L) on the P. 

aeruginosa 
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Fig.4. Graphical representation of antibacterial study of 2,4-

dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone 

 

Fig.5. Graphical representation of antibacterial study of Ni(II) complex 

of 2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 
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Fig.6. Graphical representation of antibacterial study of Cu(II) 

complex of 2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 

It was found that the ligand, 2,4-dihydroxybenzaldehyde N(4)- 

methyl(phenyl)thiosemicarbazone exhibited activity against P. 

aeruginosa  and B. subtilis. The Co(II) complex showed least activity 

among the samples. However, Ni(II) and Cu(II) complexes showed 

higher inhibition against  B. subtilis. 

3.2. 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC), (HL) 

Evaluation of antibacterial activities of the ligand and its Co(II), Ni(II) 

and Cu(II) complexes was carried out using Agar well Diffusion 

Method.  The structure of the ligand, is given in Fig.7. 
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Fig.7. 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) 

 

Fig.8. Antibacterial activity of Cu(II) complex of 4-[N,N-

(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (denoted as CuL2) on the B. subtilis 
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Table 3. Antibacterial activity of 4-[N,N-(dimethyl) 

amino]benzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

and its complexes 

 

                                      ANTIBACTERIAL ASSAY 

        Organism name Zone of inhibition (mm) 

       

Samples 

Concentration of 

samples 

P. aeurginosa E. coli S. aureus B. subtilis 

    HL Standard Gentamycin 

 (80mcg) 

24     30 21 30 

Negative control - - - - 

T1(400mcg)  - 12 - - 

T2(800mcg - 13 11 -      - 

           

Co(II) 

complex 

 Standard Gentamycin 

 (80mcg) 

22 28 24 30 

Negative control - - - - 

T1(400mcg)  - - 14 14 

T2(800mcg) 11 - 19 16 

  Ni(II) 

complex 

Standard Gentamycin 

(80mcg)  

22 28 25 30 

  Negative control - - - - 

T1(400mcg)  11 11 - 11 

T2(800mcg) 12 15 - 14 

 

 Cu(II) 

complex 

Standard Gentamycin 

 (80mcg)    

24 28 25 24 

Negative control - - - - 

T1(400mcg) - - - 18 

T2(800mcg) - 11 - 23 
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Fig.9. Antibacterial activity of 4-[N,N-(dimethyl)amino]benzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (denoted as L2) on the 

E. coli 

 

 

Fig.10. Graphical representation of antibacterial study of 4-[N,N-

(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 
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Fig.11. Graphical representation of antibacterial study of Cu(II) 

complex of 4-[N,N-(dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone 

Preliminary studies showed that all the complexes were active towards 

all the four bacterial species. Further, a detailed study in this regard 

will be interesting. It was found that all the complexes showed higher 

activities than the ligand. The complexes showed variation in their 

activities against different bacteria. For example, Cu(II) complex 

exhibited higher activity against Bacillus species but lower activity 

towards the other three bacteria. 

3.3. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (BBMPTSC), (HL)  

Evaluation of antibacterial activities of the ligand and its Co(II), Ni(II), 

and Cu(II) complexes was carried out using Agar well Diffusion 

Method. The structure of the ligand, HL is given in Fig.12. 
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Fig.12. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (HL) 

 

Fig.13. Antibacterial activity of Ni(II) complex of 4-

benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (denoted as NiL3) on the S. aureus 
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Table  4. Antibacterial activity of 4-benzyloxybenzaldehyde N(4)- 

methyl(phenyl)thiosemicarbazone and its complexes 

                                      ANTIBACTERIAL ASSAY 

        Organism name               Zone of inhibition (mm) 

     

Samples 

Concentration of 

samples 

P. aeruginosa E. coli S. aureus B. subtilis 

HL Standard Gentamycin 

(80mcg) 

27 23 26 29 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg - - - - 

        

Co(II) 

complex 

Standard Gentamycin 

(80mcg) 

29 24 25 29 

Negative control - - - - 

T1(400mcg)  - 12 - 9 

2(800mcg) - - - 12 

        

Ni(II) 

complex 

Standard Gentamycin 

 (80mcg)  

30 26 24 29 

Negative control - - - - 

T1(400mcg)  - - - 10 

T2(800mcg) - - 10 12 

 

Cu(II) 

complex 

Standard Gentamycin 

(80mcg)    

30 28 24 28 

Negative control - - - - 

T1(400mcg) - - - 10 

T2(800mcg) - - 11 14 
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Fig.14. Antibacterial activity of Ni(II) (denoted as NiL3) and Cu(II) 

(denoted as CuL3) complexes on the B. subtilis 

 

 

 

Fig.15. Graphical representation of antibacterial study of Co(II) 

complex of 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 
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Fig.16. Graphical representation of antibacterial study of Ni(II) 

complex of 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 

 

Fig.17. Graphical representation of antibacterial study of Cu(II) 

complex of 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 
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The experimental results showed that the complexes of 4-

benzyloxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

showed activity against the tested bacterial strains in a concentration 

dependent manner. However, the free ligand was not found to possess 

any antibacterial activity. Of the complexes, that of Cu(II) showed 

higher activity than Co(II) and Ni(II) complexes against B. subtilis. 

However, for different strains of bacteria, the complexes showed 

difference in their activities. Based on the preliminary analysis, most of 

the complexes were active towards all the bacterial strains except P. 

aeruginosa and hence a detailed study in this regard will be interesting. 

3.4. 4-Hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone (AMPTSC), (HL) 

Evaluation of antibacterial activities of the ligand and its Co(II), Ni(II) 

and Cu(II) complexes were carried out using Agar well Diffusion 

Method.  The structure of the ligand is given in Fig.18. 

 

Fig.18. 4-Hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone (AMPTSC), (HL) 
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Table 5. Antibacterial activity of 4-hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone and its complexes 

                                        ANTIBACTERIAL ASSAY 

             Organism name 

 

              Zone of inhibition (mm) 

 

      Samples Concentration of 

samples 

P. aeurginosa E. coli S. aureus B. subtilis 

    HL Standard Gentamycin 

 (80mcg) 

23 23    20 22 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg - - - -      - 

        

Co(II) 

complex 

Standard Gentamycin 

(80mcg) 

27 23 19 26 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg) - 12 - 12 

        

Ni(II) 

complex 

 

Standard Gentamycin 

 (80mcg)  

26 22 20 26 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg) - - 10 - 

 

        

Cu(II) 

complex 

Standard Gentamycin 

 (80mcg)    

24 28 18 24 

Negative control - - - - 

T1(400mcg) - - - 10 

T2(800mcg) - 12  17 
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Fig.19. Antibacterial activity of Cu(II) complex of of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone 

(denoted as ATCu) on the B. subtilis 

 

Fig.20. Graphical representation of antibacterial study of Cu(II) 

complex of 4-hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone 



Chapter 12 

 

 315 

Table 5 shows the results obtained in the antibacterial tests of the 

ligand, 4-hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone and its Co(II), Ni(II) and Cu(II) complexes. The 

results are expressed as diameters of inhibition zones. The ligand 

didn‘t show any activity against the bacterial strains tested. However, 

the complexes showed mild activities. 

3.5. 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(PDBINH), (HL) 

Evaluation of antibacterial activities of the ligand and its Co(II), Ni(II) 

and Cu(II) complexes was carried out using Agar well Diffusion 

Method.  The structure of the ligand, is given in Fig.21. 

 

Fig.21. 4-[N,N-(dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(HL) 
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Table 6. Antibacterial activity of 4-[N,N-(dimethyl) 

amino]benzaldehyde  isonicotinoylhydrazone and its 

complexes 

                                  ANTIBACTERIAL ASSAY 

        Organism name               Zone of inhibition (mm) 

Samples Concentration of 

samples 
P. aeurginosa E. coli S. aureus B. subtilis 

   HL Standard Gentamycin 

 (80mcg) 
24 23     21 30 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg - 10 11         10 

           

Co(II) 

complex 

 Standard Gentamycin 

 (80mcg) 
22 28 24 30 

Negative control - - - - 

T1(400mcg)  - - - - 

T2(800mcg) 11 - 12 11 

           

Ni(II) 

complex 

Standard Gentamycin 

 (80mcg)  
22 28 25 30 

Negative control - - - - 

T1(400mcg)  - 11 13 13 

T2(800mcg) - 13 15 15 

 

       

Cu(II) 

complex 

Standard Gentamycin 

 (80mcg)    
22 28 25 30 

Negative control - - - - 

T1(400mcg) - - - 15 

T2(800mcg) 

 
- 11  16 
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Fig.22. Graphical representation of antibacterial study of Ni(II) 

complex of 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone 

 

 

Fig.23. Antibacterial activity of Cu(II) complex of 4-[N,N-

(dimethyl)amino] benzaldehyde isonicotinoylhydrazone 

(denoted as CUPINH) on the S. aureus and B. subtilis 
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Fig.24. Antibacterial activity of Ni(II) complex of 4-[N,N-

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(denoted as NiPINH) on the B. subtilis and E. coli 

The results of the tests of antibacterial activities are displayed in Table 

6. Ni(II) and Cu(II) complexes showed good activities against three 

kinds of bacteria namely, B. subtilis, S. aureus and E. coli. In the case 

of the complexes, the inhibition area increased along with their 

concentrations. The ligand and the Co(II) complex were found to be 

less active. It was also noted that the activities of the compounds were 

concentration dependent. 

4. Antifungal activity 

The antifungal activities of the following ligands, 

 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (DBMPTSC) (HL),  

 4-[N,N-(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC) (HL), 
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 4-Benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (BBMPTSC) (HL),   

 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone  (AMPTSC) (HL) and 

 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(PDBINH) (HL) and the Co(II), Ni(II) and Cu(II) complexes of 

the above ligands were evaluated. 

4.1. Materials and methods 

4.1.1. Culture medium details 

Rose Bengal agar M842 Himedia was used for the determination of 

susceptibility of fungal strains to antifungal agents. Suspended 31.55 

grams of it in 1000 ml distilled water. Heated to boiling till the 

medium dissolved completely. It was sterilized by autoclaving at 15 

lbs pressure at 121°C for 15 minutes, cooled to 45-50°C, mixed well 

and poured on sterile Petri plates. 

4.1.2. Inoculums details  

Inoculums were procured from The Microbial Type Culture 

Collection and Gene Bank (MTCC), Chandigarh. 
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Table 7. The inoculums details of test-fungi 

Fungi    MTCC No Incubation condition 

 Aspergillus niger 281 27
0
C for 48 hours 

Candida albicans 227 27
0
C for 48 hours 

 

4.1.3. Antifungal assay by Agar well Diffusion method 

Agar well diffusion method is widely used to evaluate the 

antimicrobial activity of the plant extracts. Sterilized 15- 20 mL of 

Rose Bengal agar was poured on glass Petri plates of same size and 

allowed to solidify. After the solidification, wells (4 wells/plate) were 

made aseptically with a sterile cork borer of diameter 8 mm (20 mm 

apart from one another) were punched on each plate. Standardized 

inoculums of the test organism were uniformly spread on the surface of 

these solidified media using sterile cotton swab. The test volumes (40 

µL & 80 µL) of the sample at desired concentrations were added to the 

first 2 wells. To the third well, 200mcg of Clotrimazole as positive 

control and to the fourth one with DMSO as negative control were 

added. Then the agar plates were incubated under suitable conditions 

depending upon the test microorganism. After incubation, clear zone 

was observed. Inhibition of the fungal growth was measured in mm. 

5. Results and discussion 

5.1. 2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl)   

thiosemicarbazone     (DBMPTSC), (HL) 

Evaluation of antifungal activities of 2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone and its Co(II), Ni(II) and Cu(II) 

complexes was carried out using Agar well Diffusion Method. 
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Table 8. Antifungal assay of 2,4-dihydroxybenzaldehyde N(4)- 

methyl(phenyl)thiosemicarbazone and its complexes 

                               ANTIFUNGAL ASSAY 

        Organism name        Zone of inhibition (mm) 

Samples Concentration of samples A. niger C. albicans 

    HL  Standard clotrimazole 

 (200mcg) 

21             17 

  Negative control - - 

 T1(400mcg)  14 - 

T2(800mcg 19 15 

  Co(II) 

complex 

Standard clotrimazole 

  (200mcg) 

20 17 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg) - - 

   Ni(II) 

complex 

Standard clotrimazole 

(200mcg)  

20 18 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg) - 11 

   Cu(II) 

complex 

Standard clotrimazole 

 (200mcg)    

20 19 

Negative control - - 

T1(400mcg) - - 

T2(800mcg) - 12 
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Fig.25. Antifungal assay of 2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  (denoted as L) on the A. 

niger 

 

Fig.26. Antifungal assay of Cu(II) complex of 2,4-

dihydroxybenzaldehydeN(4)-methyl(phenyl) 

thiosemicarbazone (denoted as Cu) on the C. albicans 
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Fig.27.  Graphical representation of antifungal assay of 2,4-

dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 

The ligand, 2,4-dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone showed higher activity than its metal complexes 

towards both A. niger and C. albicans. Co(II) complex did not show 

any activity.  Cu(II) and Ni(II) complexes exhibited moderate 

activities.  

5.2. 4-[N,N(Dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (PDBMPTSC), (HL) 

Evaluation of antifungal activities of Co(II), Ni(II) and Cu(II) 

complexes and the ligand, 4-[N,N-(dimethyl)amino]benzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone was carried out using Agar 

well Diffusion Method. 
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Table 9. Antifungal assay of 4-[N,N(dimethyl)amino]benzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone and its complexes 

                            ANTIFUNGAL ASSAY 

             Organism name Zone of inhibition (mm) 

       Samples Concentration of samples A. niger C. albicans 

          HL Standard clotrimazole 

(200mcg) 

20          22 

Negative control - - 

T1(400mcg)  12 13 

T2(800mcg 14 16 

      Co(II) complex Standard clotrimazole 

  (200mcg) 

20 23 

Negative control - - 

T1(400mcg)  11 - 

T2(800mcg) 12 11 

       Ni(II) complex 

 

Standard clotrimazole 

 (200mcg)  

20 23 

Negative control - - 

T1(400mcg)  11 - 

T2(800mcg) 13 11 

 

Cu(II) complex 

Standard clotrimazole 

 (200mcg)    

20 22 

Negative control - - 

T1(400mcg) 14 15 

T2(800mcg) 16 16 

 

 

Fig.28. Antifungal assay of 4-[N,N-(dimethyl)amino]benzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (denoted as L2) and its 

Cu(II) complex  (denoted as CuL2) on the C. albicans 



Chapter 12 

 

 325 

 

Fig.29. Antifungal assay of 4-[N,N-(dimethyl)amino]benzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone (denoted as L2) and its 

Cu(II) complex  (denoted as CuL2) on the A. niger 

 

 

Fig.30.  Graphical representation of antifungal assay of 4-[N,N-

(dimethyl)amino]benzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 
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Fig.31. Graphical representation of antifungal assay of Cu(II) complex 

of 4-[N,N-(dimethyl)amino]benzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone 

 

Table 9 displays the results obtained for antifungal studies. The ligand 

and the complexes showed activities in a concentration dependent 

manner against A. niger and C. albicans. 

5.3. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (BBMPTSC),  (HL)  

Antifungal activities of the ligand and its Co(II), Ni(II) and Cu(II) 

complexes were evaluated using Agar well Diffusion Method. 
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Table 10. Antifungal assay of 4-benzyloxybenzaldehyde N(4)- 

methyl(phenyl)thiosemicarbazone and its complexes 

                            ANTIFUNGAL ASSAY 

             Organism name 

 

 Zone of inhibition (mm) 

 

     Samples Concentration of samples A. niger C. albicans 

         HL Standard clotrimazole 

(200mcg) 

20            18 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg - - 

      Co(II) complex Standard clotrimazole 

(200mcg) 

19 18 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg) 11 - 

       Ni(II) complex 

 

 

 

 Standard clotrimazole 

 (200mcg)  

19 18 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg) - 12 

 

    Cu(II) complex 

Standard clotrimazole 

 (200mcg)    

20 18 

Negative control - - 

T1(400mcg) 11 13 

T2(800mcg) - 12 
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Fig.32. Antifungal assay of Cu(II) complex of 4-

benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (denoted as CuL3) on the  A. niger and C. 

albicans 

 

 

Fig.33. Graphical representation of antifungal assay of Cu(II) complex 

of 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone 

 

It was found that 4-benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone did not exhibit any antifungal activity. The Cu(II) 
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complex showed activity  against A. niger and C. albicans. However, 

the Co(II) and Ni(II) complexes did show any appreciable activities.  

5.4. 4-Hydroxy-3-methoxyacetophenone N(4)-methyl(phenyl) 

thiosemicarbazone (AMPTSC), (HL) 

Evaluation of antifungal activities of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone and its 

Co(II), Ni(II) and Cu(II) complexes  was carried out using Agar well 

Diffusion Method. 

Table 11. Antifungal assay of 4-hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone and its complexes 

                                 ANTIFUNGAL ASSAY 

        Organism name Zone of inhibition (mm) 

     Samples Concentration of samples A. niger C. albicans 

         HL Standard clotrimazole 

(200mcg) 

20 23  

Negative control - - 

T1(400mcg)  12 19 

T2(800mcg 13 20 

      Co(II) complex Standard clotrimazole 

(200mcg) 

20 23 

Negative control - - 

T1(400mcg)  - 11 

T2(800mcg) 11 14 

       Ni(II) complex 

 

 

Standard clotrimazole 

(200mcg)  

21 23 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg) 11 12 

 

    Cu(II) complex 

Standard clotrimazole 

(200mcg)    

20 22 

Negative control - - 

T1(400mcg) 12 13 

T2(800mcg) 13 14 
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Fig.34. Antifungal assay of 4-hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (denoted as AT)  and  its 

Cu(II) complex (denoted as ATCu) on the C. albicans 

 

 

Fig.35. Graphical representation of antifungal assay of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone 

The results showed that the ligand has better antifungal activity against 

C. albicans and  A. niger  than  the complexes.  
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5.5. 4-[N,N-(Dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

 (PDBINH), (HL) 

Evaluation of antifungal activities of Co(II), Ni(II) and Cu(II) 

complexes and the ligand, 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone was carried out using Agar well Diffusion 

Method. 

Table 12. Antifungal assay of 4-[N,N-(dimethyl)amino]benzaldehyde 

isonicotinoylhydrazone and its complexes 

                       ANTIFUNGAL ASSAY 

        Organism name 

 

Zone of inhibition (mm) 

 

     Samples Concentration of samples A. niger C. albicans 

   HL Standard clotrimazole 

(200mcg) 

20         22 

Negative control - - 

T1(400mcg)  - - 

T2(800mcg 10 11 

Co(II) complex Standard clotrimazole 

 (200mcg) 

20 23 

 Negative control - - 

T1(400mcg)  - - 

T2(800mcg) 11 11 

Ni(II) complex 

 

Standard clotrimazole 

 (200mcg)  

20 23 

Negative control - - 

T1(400mcg)  11 - 

T2(800mcg) 12 11 

Cu(II) complex Standard clotrimazole 

 (200mcg)    

20 23 

Negative control - - 

T1(400mcg) 12 - 

T2(800mcg) 13 - 
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Fig.36. Graphical representation of antifungal assay of Cu(II) complex 

of 4-[N,N-(dimethyl)amino]benzaldehyde isonicotinoyl 

hydrazone 

 

Fig.37 . Antifungal assay of Cu(II) complex of 4-[N,N-

(dimethyl)amino]benzaldehyde isonicotinoylhydrazone 

(denoted as CUPINH) on the A. niger and C. albicans 
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It was found that complexes were more active than the free ligand. The 

complexes showed inhibitory activities towards the fungi in a 

concentration dependent manner. 

6. Conclusions 

The in vitro antimicrobial screening of the compounds were done 

against S. aureus, B. subtilis, E. coli, P. aeruginosa, A. niger and C. 

albicans. The zones of inhibition with different concentrations of the 

samples and the control were measured and discussed. 

The higher activities of metal complexes compared to those of the free 

ligands can be explained on the basis of the Overtone‘s concept of cell 

permeability[20, 21]and Tweedy‘s chelation theory[22]. According to 

Overtone‘s concept of cell permeability, the lipid membrane around 

the cell favors the passage of lipid soluble materials alone. On 

chelation, the polarity will be turned down to a considerable extent due 

to the overlap of the ligand orbitals with the metal orbitals. Further, it 

leads to an increase of π-electrons delocalization over the entire chelate 

ring and enhances the lipophilicity. This plays a key role in the 

antimicrobial activity. The enhanced lipophilicity increases the 

penetration of the metal complexes into lipid membranes. Thus, it 

leads to the blocking of the metal binding sites of the microorganisms. 

This inhibits further growth of organism. The moderate activities of 

some of the compounds investigated here may be due to their low 

lipophilicity.  This may restrict their penetration through the lipid 

membrane and hence, they could neither block nor resist the growth of 

the microorganisms effectively. 
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1. Introduction 

In recent years, there has been a good deal of attention toward the field 

of free radical chemistry. Free radicals are reactive oxygen- and -

nitrogen species generated in our body by different endogenous 

systems[1]. Free radicals are unstable and highly reactive species. 

They are either derived from normal essential metabolic processes in 

the human body, or ender the body from external sources such as 

exposure to X-rays, ozone, cigarette smoking, air pollutants, and 

industrial chemicals[2]. Adverse effects of free radicals have been 

postulated in many conditions, including inflammatory condition, 

atherosclerosis, certain cancers, and the process of aging of human 

body.  

Antioxidants are substances that can prevent or slow damage to cells 

caused by free radicals. They are sometimes called ―free-radical 

scavengers‖. The sources of antioxidants can be natural or artificial. 

Certain plant-based foods are thought to be rich in antioxidants. Plant-

based antioxidants are a kind of phytonutrient, or plant-based nutrient. 

The body also produces some antioxidants, known as endogenous 

antioxidants. 

 A balance between free radicals and antioxidants is significant for 

proper physiological function. An oxidative stress, arising as a result of 

an imbalance between free radical production and antioxidant 

defences, is associated with damage to a wide range of molecular 

species including lipids, proteins, and nucleic acids, which is lead to 

the adverse changes in their structure and functions[3]. It expected to 

https://www.cancer.gov/about-cancer/causes-prevention/risk/diet/antioxidants-fact-sheet
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produce progressive adverse changes that accumulate with age in the 

body. Thus, application of synthetic antioxidants are widely explored 

for their capacity to protect organism and cell from damage caused by 

free radicals. Researchers in many different disciplines become more 

interested in novel compounds that could provide active components to 

prevent or reduce the impact of oxidative stress on cell. 

Thiosemicarbazones are significant category of ligands containing 

sulphur and nitrogen donor atoms. Structural simplicity, simple 

synthetic procedure, short span of reaction and versatile 

pharmacological profile make them a class of broadly studied and 

explored compounds. Thiosemicarbazones have versatile applications 

in medicinal-, pharmaceutical-and biological applications[4-7]. The 

biological activity of thiosemicarbazones are associated with the 

presence of the active pharmacophore. A thorough literature survey 

revealed that N(4)-substituted thiosemicarbazones have good 

antimicrobial- and antioxidant properties [8, 9]. Ahmed A Al-Amiery 

et al[10] reported that antioxidant-, antimicrobial- and theoretical 

studies of the thiosemicarbazone derivative of 2-(2-imino-1-

methylimidazolidin-4-ylidene) hydrazinecarbothioamide (IMHC). 

Alka Choudhary et al[11] reported the antioxidant studies of 

complexes of Fe(III), Co(II) and Cu(II) with camphor semicarbazone 

(1,7,7-trimethylbicyclo[2,2,1]heptanesemicarbazone, (TBHSC) and 

camphor thiosemicarbazone (1,7,7-

trimethylbicyclo[2,2,1]heptanethiosemicarbazone, (TBHTSC). The 

compounds and their metal complexes were screened for free radical 
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scavenging activity at a concentration range of 50-1000 µg/ml. All the 

compounds have shown encouraging antioxidant activities. Chetana et 

al[12] reported the antioxidant-, antimicrobial- and mutagenic 

activities and DNA interaction studies of Ni(II) Schiff base 4-methoxy-

3-benzyloxybenzaldehyde thiosemicarbazide complexes. They showed 

potential antioxidant activities. Gujarathi[13] reported the antioxidant 

study of Ni(II) complexes derived from 5-chloro-2-

hydroxyacetophenone N-methyl thiosemicarbazone. The free radical 

scavenging activity of compounds was screened. It was found that the 

complexes are more active than the free thiosemicarbazones.  

Researchers are interested on isonicotinoylhydrazones because of their 

versatile applications in different fields such as anti-tubercular and 

antimicrobial agents, radical scavengers and corrosion inhibitors[14-

16]. S.A. Aly and S.K. Fathalla[17] reported a new series of complexes 

of Pd(II), Cd(II) and Cu(II and I) with a polydentate Schiff base ligand 

(H2L), namely ((Z)-2-(phenylamino)-N‘-(thiophen-2-

ylmethylene)acetohydrazide). The ligand and its metal complexes have 

been characterized based on various physico-chemical studies. The 

antibacterial studies of selected compounds against two pathogenic 

bacteria were carried out. The complexes and the ligand revealed 

excellent antioxidant properties and could be useful in fighting the free 

radicals which occur in close connection with cancerous cells. It was 

remarkable that the two complexes, Cu(II and I) demonstrated stronger 

antioxidant effects than their parent ligands. Senthil Raja et al[18] 

reported a novel water soluble ligand-bridged cobalt(II) coordination 
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polymer of a new ligand, 2-oxo-1,2-dihydroquinoline-3-carbaldehyde 

(isonicotinic)hydrazone (H2L). Investigations on the antioxidant 

property showed that the polymeric Co(II) complex had a strong 

radical scavenging potency against hydroxyl-, DPPH-, nitric oxide- 

and superoxide radicals.  

In view of these observations, it has been decided to evaluate the 

antioxidant activities of the following N(4)-methyl(phenyl) 

thiosemicarbazones, 4-hydroxy-3-methoxyaceto phenone 

isonicotinoylhydrazone and a few of their metal complexes that we 

have synthesized. 

 2,4-Dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (DBMPTSC) (HL),  

 4-Benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  (BBMPTSC) (HL),   

 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (AMPTSC) (HL) and  

 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone  

(AINH) (HL) 

2. Materials and methods 

2.1. Evaluation of antioxidant property  

Antioxidant assay was done using 2,2-Diphenyl-1-picryl-hydrazyl 

(DPPH) method. DPPH is a widely accepted stable free radical source 
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which is neutralized in the presence of molecules capable of donating 

H atoms or electrons. The DPPH radical scavenging method is 

considered as one of the best in vitro model to study the antioxidant 

activity of the compounds. It is simple-, reliable-, fast, cost-effective 

spectrophotometric method. The colour of DPPH is purple, which 

changes to yellow (2,2-diphenyl-1-picrylhydrazine, the non-radical, 

reduced form) by neutralizing with radical scavenger. Antioxidant 

activity of the ligands and metal complexes was determined by the 

method described by Brand-Williams et al[19]. The percentage of 

inhibition (%) of free radical was determined by the following 

equation: 

% Inhibition = (Absorbance of Control at 0 minute - Absorbance of Test) 

Absorbance of Control at 15 minutes x 100 

that is:  

% Inhibition = (C0 - T) / C x 100 

(where, C0 = absorbance of control sample (t=0 min), C = absorbance 

of control (t=15 min) and T=absorbance of test compound). 

Low absorbance of the reaction mixture indicates high free radical 

scavenging activity of the test compound. IC50 (Half Maximal 

Inhibitory Concentration) value is a commonly used parameter to 

measure the antioxidant activity. It is the concentration of the sample 

that can scavenge 50% of DPPH free radical in DPPH radical 

scavenging method. The IC50 is determined from the slope of 

inhibition-concentration graph drawn using an equation, y=mx+c, 
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where y= concentration of antioxidant corresponding to 50% inhibition 

of free the radical, m= slope of the graph, c= intercept of the graph. 

The IC50 value is inversely proportional to the free radical scavenging 

activity/ antioxidant property of the sample. As the reaction between 

antioxidant compound and DPPH radical results in the scavenging of 

the radical by hydrogen- or electron donation, the absorbance at 517nm 

(due to DPPH radical) falls. This can be visually observed as the  

colour change is from purple to yellow[20]. 

It is observed that DPPH radical scavenging assay depends on two on 

the functional groups on the aromatic ring and their position on the 

ring. Radical scavengers donate hydrogen atoms to become stable free 

radicals. The degree of stability and antioxidant potential are in direct 

relationship with the range of electron delocalization. Generally, 

organic molecules containing an electron donating groups, such as 

amine, hydroxyl, or methoxy, are inquired as promising antioxidant 

molecules. Compounds with hydroxyl group at ortho, meta or para 

position of the benzene ring show good DPPH activity than the other. 

The antioxidant ability of a mono hydroxyl compound depends upon 

the position of the hydroxyl group. Para –substituted compounds could 

produce relatively stable radical resonance hybrid than meta-

substituted ones. Lower activity of compound with hydroxyl group in 

ortho-position may be due to intramolecular hydrogen bonding [20].   

In the present investigation, the antioxidant studies were completed in 

Athmic Biotech laboratory, Trivandrum. 
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2.2. Procedure of antioxidant activity by DPPH assay 

Ascorbic acid was used as reference. It was dissolved in distilled water 

to make a stock solution of concentration,(1mg/1000μl). The fresh 

solution of DPPH in methanol, (60μM) was prepared daily before UV 

measurements. This solution (3.9ml) was mixed with various 

concentrations (25, 50, 100 & 200μL) of the test solutions.  The 

samples were kept in the darkness for 15 minutes at room temperature 

and the decrease in absorbance was measured at 517 nm. The same 

volume of control (without the test solution) was prepared. Methanol 

(95%) was used as blank [21, 22]. 

3. Results and discussion 

3.1. 2,4-Dihydroxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (DBMPTSC),    (HL) and its complexes 

Scavenging effects of 2,4-dihydroxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone  and its Co(II), Ni(II), Cu(II) 

complexes and ascorbic acid at various concentrations were established 

by DPPH method. The reduction of DPPH radical was assessed by the 

decrease of the absorbance at 517 nm. The optical densities of ascorbic 

acid, ligand and its complexes at 517 nm are presented in Table 1. The 

absorbance decreased as a result of colour change from purple to 

yellow as the radicals are scavenged by antioxidants. Lower 

absorbance of the reaction mixture indicates higher free radical 

scavenging activity of the compound. 
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Table 1. Percentage scavenging of DPPH by compounds 

          Sample Concentration  

(μg) 

OD at 

517nm 

% of 

Inhibition 

Control  at zero minute - 1.053 - 

Control at 15 minute - 1.020 - 

HL 

(Inhibition is not concentration 

dependent, so IC50 cannot be 

calculated) 

25 0.427 60.03 

50 0.161 85.22 

100 0.072 93.65 

200 0.059 94.88 

Co(II) complex 

(IC50=32.16) 

25 0.587 43.93 

50 0.410 61.64 

100 0.295 72.53 

200 0.250 76.79 

Ni(II) complex 

(IC50=71.82) 

 

 

25 0.809 24.14 

50 0.549 48.71 

100 0.388 63.87 

200 0.041 96.71 

Cu(II) complex 

(IC50=117.65) 

25 0.900 15.53 

50 0.746 30.06 

100 0.422 60.75 

200 0.359 66.66 

Standard 

Control  at zero minute 

- 1.065 - 

Control at 15 minute - 1.059 - 

Ascorbic acid (standard) 

(IC50= 19.25) 

3 0.985 7.55 

6.25 0.897 15.86 

12.5 0.747 30.02 

25 0.365 66.10 

OD = Optical Density 
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Fig.1. Scavenging of DPPH by Co(II) complex of 2,4-

dihydroxybenzaldehyde N(4)-methyl(phenyl) thiosemicarbazone 

 

The experimental results showed that the Co(II) complex of 2,4-

dihydroxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

showed good activity as a radical scavenger compared to the 

scavenging ability of ascorbic acid, which was used as a standard. The 

nickel and copper complexes showed average activity compared to 

ascorbic acid. The order of activity was Co(II)> Ni(II)> Cu(II) 

complexes compared to ascorbic acid. 

3.2. 4-Benzyloxybenzaldehyde N(4)-methyl(phenyl) 

thiosemicarbazone (BBMPTSC),  (HL)  and its Co(II) complex 

Evaluation of antioxidant activities of 4-benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone and its Co(II) complex at various 

concentrations were carried out using DPPH assay. 
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Table 2. Percentage scavenging of DPPH by compounds 

Sample Concentration (μg) OD at 517nm % of Inhibition 

Control  at zero 

minute 

- 1.053           -         

Control at 15 minute - 1.020            -      

Co(II)complex 

(IC50=153) 

25 0.974 7.74 

50 0.940 11.07 

100 0.880 16.96 

200 0.772 27.54 

HL(IC50=46.67) 25 0.762 28.5 

50 0.468 57.35 

100 0.094 94.01 

200 0.052 98.13 

Standard 

Control  at zero 

minute 

- 1.060 - 

Control at 15 minute - 1.046 - 

Ascorbic acid 

(standard) 

(IC50=19.24) 

3 0.995 6.21 

6.25 0.887 16.53 

12.5 0.724 32.12 

25 0.119 89.77 

 

 

Fig.2. Scavenging of DPPH by 4-benzyloxybenzaldehyde N(4)-

methyl(phenyl)thiosemicarbazone (denoted as L3) 
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The experimental results indicated that the 4-benzyloxybenzaldehyde 

N(4)-methyl(phenyl)thiosemicarbazone showed better activity as a 

radical scavenger compared to the scavenging ability of ascorbic acid, 

which was used as a standard. The cobalt complex showed only 

medium activity when compared to that of ascorbic acid.  

3.3. 4-Hydroxy-3-methoxyacetophenone N(4)-

methyl(phenyl)thiosemicarbazone (AMPTSC), (HL) and its 

complexes 

Evaluation of antioxidant activities of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone and its 

Co(II), Ni(II) and Cu(II) complexes were carried out using DPPH 

assay. The optical densities and percentage of inhibition of ascorbic 

acid, ligand and its complexes at 517 nm are presented in Table 3. 
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Table 3. Percentage scavenging of DPPH by compounds 

          Sample Concentration (μg) OD at 517nm % of Inhibition 

Control  at zero 

minute 

- 1.063 - 

Control at 15 

minute 

- 1.039 - 

HL 

(IC50 =30.32) 

25 0.622 41.83 

50 0.403 62.80 

100 0.178 84.32 

200 0.128 89.02 

Co(II) complex 

 (IC50=137) 

25 0.914 14.34 

50 0.876 17.99 

100 0.625 42.15 

200 0.345 69.10 

Ni(II) complex 

(IC50=31.62) 

 

 

25 0.627 41.96 

50 0.417 62.17 

100 0.166 86.33 

200 0.096 93.07 

Cu(II) complex 

 

(IC50=132.01) 

25 0.941 11.34 

50 0.851 19.99 

100 0.6191 42.15 

200 0.306 72.10 

Standard Control  

at zero minute 

- 1.060 - 

Control at 15 

minute 

- 1.046 - 

Ascorbic acid 

(standard) 

(IC50=15.32) 

3 0.995 6.21 

6.25 0.887 16.53 

12.5 0.724 32.12 

25 0.119 89.77 
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Fig.3. Scavenging of DPPH by Ni(II) complex of 4-hydroxy-3-

methoxyacetophenone N(4)-methyl(phenyl)thiosemicarbazone 

(denoted as ATNi) 

The experimental results showed that the ligand and its Ni(II) complex 

showed good activity as a radical scavenger compared to the 

scavenging ability of ascorbic acid, which was used as a standard. The 

Co(II) and Cu(II) complexes showed average activities compared to 

ascorbic acid. The order of activity was Ni(II) > Cu(II)> Co(II) 

complexes compared to ascorbic acid. 

3.4. 4-Hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 

(AINH), (HL) and its Cu(II) complex 

Evaluation of antioxidant activities of 4-hydroxy-3-

methoxyacetophenone isonicotinoylhydrazone and its Cu(II) complex 

and ascorbic acid at various concentrations were performed by DPPH 

method. The radical reduction capability of the compounds was 

determined by the decrease of the absorbance at 517 nm. The optical 
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densities and percentage of inhibition of ascorbic acid, ligand and its 

complex are presented in Table 4. The absorbance decreased as a result 

of colour change from purple to yellow as the radical was scavenged 

by antioxidants. 

Table 4. Percentage scavenging of DPPH by compounds 

Sample Concentration (μg) OD at 517nm % of Inhibition 

Control  at zero 

minute 

- 1.063 -         

Control at 15 

minute 

- 1.017 -      

        HL 

(IC50=55.91) 

25 0.751 30.82 

50 0.452 60.29 

100 0.286 76.59 

200 0.152 89.77 

Cu(II) complex 

   (IC50=145) 

25 0.974 8.93 

50 0.896 16.60 

100 0.713            34.61 

200 0.671 38.68 

Standard 

Control  at zero 

minute 

- 1.065 - 

Control at 15 

minute 

- 1.017 - 

Ascorbic acid 

(standard) 

(IC50=14.79) 

3 0.994 6.98 

6.25 0.886 17.60 

12.5 0.723 33.63 

25 0.118 93.12 
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Fig.4. Scavenging of DPPH by 4-hydroxy-3-methoxyacetophenone 

isonicotinoylhydrazone (denoted as AINH) 

It was evident from results that free radical scavenging activities of 

these compounds were concentration dependent. The ligand showed 

good antioxidant activity compared to ascorbic acid. The copper 

complex showed medium activity compared to standard. The tested 

compounds demonstrated better scavenging activities at higher 

concentrations. 

4. Suggested mechanism for the antioxidant activity of 

thiosemicarbazone 

The reaction mechanism of thiosemicarbazones (1-3) with DPPH 

radical is shown in the Scheme 1. The reaction of DPPH radical with 

tested compounds may be based on charge transfer between them 

[Eq.(I)] or combination of thiosemicarbazone radicals formed during 

scavenging assay with DPPH [Eq.(II)]. The reaction between DPPH 

molecules is not possible due to steric hindrance.   

The scavenging activities of the compounds may be due to the 

presence of hydrogen atom of the secondary amine in the 
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thiosemicarbazone moiety. The DPPH radical can abstract a proton 

from the thiosemicarbazone. The radical stabilization is influenced by 

both the allylic double bond and inductive effect. The stabilized allyl 

double bond favours the release of hydrogen as a free radical (as 

proton). The inductive effect also favours the formation of free radical. 

The radical could delocalize the electrons on the aromatic ring to 

produce relatively stable resonance hybrid as shown in the Scheme 

[Eq.(I)]. When the concentration of DPPH radical was higher than that 

of the tested compound, the DPPH radical might combine with the 

thiosemicarbazone radical (R
.
)[Eq.(II)]. The electronic conjugation in 

the compound facilitates radical stabilization, preventing it from 

destructive biochemical reaction. 

 
Scheme 1. Suggested mechanism of the antioxidant activity of 

thiosemicarbzones  



Chapter 13 

 

 353 

5. Suggested mechanism of the antioxidant activity of 

isonicotinoylhydrazone 

The reaction mechanism of isonicotinoylhydrazone with DPPH radical 

is shown in the Scheme 2. The mechanism depends on the hydrogen 

atom of the secondary amine in theisonicotinoylhydrazone moiety and 

hydroxyl group on aromatic ring. The compound with hydroxyl group 

at the para-position can produce relatively stable resonance hybrid. 

DPPH radical can abstract a proton from the isonicotinoylhydrazone. 

The radical formed could delocalize electron to aromatic ring to 

produce stable resonance hybrid. Radical stabilization is also 

influenced by the allylic type double bond and electron withdrawing 

carbonyl function. These effects push electron density toward the free 

radical. 

 

Scheme 2. Suggested mechanism of the antioxidant activity of 4-

hydroxy-3-methoxyacetophenone isonicotinoylhydrazone 
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6. Conclusions 

The antioxidant activities of the compounds were evaluated by DPPH 

method and compared with the standard (ascorbic acid). The IC50 

values were determined by linear regression plot, where concentration 

of tested compound was represented on abscissa and percentage of 

antioxidant activity on ordinate. 4-Hydroxy-3-methoxyacetophenone 

N(4)-methyl(phenyl)thiosemicarbazone (IC50=30.32) and its Ni(II) 

complex (IC50=31.62) and Co(II) complex of 2,4-

dihydroxybenzaldehyde N(4)-methyl(phenyl)thiosemicarbazone 

(IC50=32.16) showed good antioxidant activities. These compounds 

may be used as antioxidants in future. 
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