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                                                        ePREFACE f 
 

Coordination chemistry enjoys a prominent place in inorganic chemistry.  

Werner’s coordination theory was the first attempt to explain the bonding in 

coordination complexes, and he concluded that in complexes the metal shows two 

different types of valencies, primary and secondary valencies.  In the quest of 

exploring the chelating behavior of some ONS and NNS donor semicarbazones in 

several metal complexes, we could get more information about their nature of 

coordination and related structural, spectral and biological properties.   

The work embodied in the thesis was carried out by the author in the 

Department of Applied Chemistry during the period 2006-2010.  The work 

presented in this thesis describes the synthesis, structural and spectral 

characterization of two novel N4-substituted semicarbazones of di-2-pyridyl 

ketone and quinoline-2-carboxaldehyde and their metal complexes.  Chapter 1 

includes a brief prologue on semicarbazones and their transition metal 

complexes with an extensive literature survey relating the history, applications 

and recent developments. Chapter 2 deals with the syntheses and 

characterization of two NNO donor semicarbazones.  The semicarbazones 

synthesized are di-2-pyridyl ketone-N4-phenyl-3-semicarbazone (HL1) and 

quinoline-2-carboxaldehyde-N4-phenylsemicarbazone (HL2). Chapter 3 

describes the syntheses and characterization of eight zinc(II) complexes of    

N4-substituted semicarbazones, HL1 and HL2. Chapter 4 comprises of the 

syntheses and characterization of six cadmium complexes of N4-substituted 

semicarbazones using CHN analysis, infrared, electronic spectra and X-ray 

diffraction studies. Chapter 5 deals with the syntheses and characterization of 

mononuclear and binuclear copper(II) complexes with potential NNO donor 

ligands.  Chapter 6 explains the syntheses and characterization of nickel(II), 

cobalt(II) and manganese(II) complexes.   
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A BRIEF PROLOGUE ON SEMICARBAZONES AND 
THEIR TRANSITION METAL COMPLEXES 

 

 
 

1.1. General introduction 

1.2. Stereochemistry, bonding and nature of coordination of 
semicarbazones 

1.3. Applications of semicarbazones and their complexes 

1.4.  Objectives and scope of the present work 

1.5.  Introduction to the relevant analytical techniques 
 

 
 

 

1.1. General introduction 

Coordination compounds have been a challenge to the inorganic chemist 

since they were identified in the nineteenth century.  After the profound studies 

done by Alfred Werner, inorganic chemistry witnessed a great outflow of 

coordination compounds, with unique structural characteristics and diverse 

applications.  The stereochemistry of coordination compounds is one of the 

major interests of the coordination chemist.  The development of instrumental 

techniques provides methods of investigating thermal, spectral and magnetic 

properties of metal complexes.  Coordination compounds can have a wide 

variety of structures depending on the metal ion, coordination number and 

denticity of the ligands used.  The presence of more electronegative nitrogen, 

oxygen or sulfur atoms on the ligand structure is established to enhance the 

coordination possibilities of ligands.   
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Coordination compounds are widely used as potential drugs, in the field 

of catalysis and in biological fields.  This includes a number of important 

biological materials such as vitamin B12 and haemoglobin.  The chemistry of 

transition metal complexes of semicarbazones and thiosemicarbazones has 

been receiving considerable attention primarily because of their bioinorganic 

relevance.   

Semicarbazones are the Schiff bases, usually obtained by the condenzation 

of semicarbazide with suitable aldehydes and ketones (Scheme 1.1).   

 

 
Scheme 1.1. Method of synthesis of the semicarbazone. 

 

According to IUPAC recommendations, semicarbazones may be named 

by adding the class name ‘semicarbazone’ after the name of the condensed 

aldehyde or ketone.  It is usual also to include in this class derivatives with 

substituents on the amide nitrogen.  The numbering scheme shown in the 

Figure 1.1 is in accordance with IUPAC system.   

 
Figure 1.1. Numbering scheme of the semicarbazone. 
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An interesting attribute of the semicarbazones is that in the solid state, 

they predominantly exist in the keto form, whereas in solution state, they 

exhibit a keto-enol tautomerism (Figure 1.2).  Keto form acts as a neutral 

bidentate ligand and the enol form can deprotonate and serve as monoanionic 

bidentate ligand in metal complexes.  Thus semicarbazones are versatile 

ligands in both neutral and anionic forms.   
 

 
 keto (A)    enol (B) 

Figure 1.2. Keto-enol tautomerism of semicarbazones. 

Both tautomeric forms have an efficient electron delocalization along the 

semicarbazone moiety.  Aromatic substituents on the semicarbazone skeleton 

can further enhance the delocalization of electron charge density.  These classes 

of compounds usually react with metallic cations giving complexes in which the 

semicarbazones behave as chelating ligands.  Upon coordination to a metal 

center, the delocalization is further increased through the metal chelate rings.  

The coordination possibilities are further increased if the substituent has 

additional donor atoms.   

1.2. Stereochemistry, bonding and nature of coordination of 
semicarbazones 

A review of semicarbazones and thiosemicarbazones [1] showed that in 

free unsubstituted semicarbazones in the solid state, the C=N–NH–CO–NH2 

backbone is usually planar, with O atom trans to the azomethine N atom 

(Scheme 1.2).  Few semicarbazones are exceptions to this rule.  Although there 

are several electronic and steric factors that may contribute to the adoption of 
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this rearrangement, the most important is probably that the trans arrangement 

places the amine and azomethine nitrogen atoms in relative positions suitable 

for intramolecular hydrogen bonding [2].   

 
Scheme 1.2 

 
Interestingly, semicarbazones show a variety of coordination modes with 

transition metals.  The coordination mode is influenced by the number and 

type of substituents.  This is because the active donor sites of the ligand vary 

depending upon the substituents.  According to the reports, the coordination 

mode of the semicarbazone is very sensitive towards minor variations in the 

experimental conditions, the nature of the substituents on the carbonyl 

compound and the metal salt [3].  The presence of di-2-pyridyl ketone/ 

quinoline-2-carboxaldehyde at the carbonyl part attributes many interesting 

coordinating possibilities for the ligand systems under study.  In most of the 

metal complexes we synthesized semicarbazones act as tridentate ligand and in 

some cases, semicarbazones exhibit as potential quadridentate when the 

second pyridyl nitrogen involves in coordination process.  The coordination 

mode of the N4-substituted semicarbazones [4] is given below. 

CH3

N
N
H

O

NH

O

Cu

 
O, N, O-tricoordination. 

 

2 
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The different coordination modes of the substituted benzaldehyde 

semicarbazone are given below [5].   

 
C,N,O-tricoordination. 

 
N,O-coordination forming a stable five membered chelate. 

 
An unusual four membered chelate formation as an N,O donor. 

2 



Chapter-1 

                 Department of Applied Chemistry, CUSAT 6  

1.3. Applications of semicarbazones and their complexes 

Semicarbazones present a wide range of bioactivities, and their 

chemistry and pharmacological applications have been extensively 

investigated.  The biological properties of semicarbazones are often related to 

metal ion coordination.  Firstly, lipophilicity, which controls the rate of entry in 

to the cell, is modified by coordination [6].  Also, the metal complex can be 

more active than the free ligand.  The mechanism of action can involve binding 

to a metal in vivo or the metal complex may be a vehicle for activation of the 

ligand as the cytotoxic agent.  Moreover, coordination may lead to significant 

reduction of drug-resistance [7].   

A variety of 5-nitrofuryl semicarbazone derivatives have been developed 

for the therapy of Chagas disease, a major problem in the Central and the 

South America [8].  4-Bromobenzaldehyde semicarbazone has been used as 

anticonvulsant.  Recently, a review reported on the anticonvulsant activity of 

thiosemicarbazones, semicarbazones and hydrazones derived from aromatic 

and unsaturated carbonyl compounds as well as from other precursors [9].  In 

contrast to thiosemicarbazones, literature records fewer examples of 

semicarbazones presenting significant anticancer and cytotoxic activity but 

some nitroso, naphtopyran, and fluorine derivatives showed anti-leukemia 

effect in mice [10].  Several N4-substituted semicarbazone derivatives of        

o- and p- chlorobenzaldehyde and 2,6-dichlorobenzaldehyde exhibit potent 

anti-hypertensive effects [11].  The orally administered drug naftazone       

(1,2-naphtoquinone semicarbazone) protects the vascular system through an 

inhibitory effect on nitric oxide synthesis [12].   

Many other bioactivities of semicarbazones have been reported, such as 

their antimicrobial [13], pesticide [14], herbicide [15], and hypnotic [16] 

properties or the ability of some of their Cu(II) complexes to mimic superoxide 
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dismutase activity [17].  Semicarbazones are widely used as spectrophotometric 

agents for the analysis of metal ions [18].  Semicarbazones are frequently used 

in the qualitative organic analysis of carbonyl compounds [19].   

1.4. Objectives and scope of the present work 

There has been considerable interest in the studies of semicarbazones 

due to their unusual coordination modes when bound to metals [20].  The wide 

applications and structural diversity of metal complexes of semicarbazones 

prompted us to synthesize the tridentate NNO-donor semicarbazones and their 

metal complexes.  Due to good chelating ability, the present work is mainly 

concerned with the studies on complexes of N4-substituted semicarbazones.  

By emphasizing this point the objectives of the present work are as follows: 

The present work is concentrated on the studies of two novel 

semicarbazones, di-2-pyridyl ketone-N4-phenyl-3-semicarbazone (HL1) and 

quinoline-2-carboxaldehyde-N4-phenyl-3-semicarbazone (HL2). The compositions 

of these semicarbazones were determined by the CHN analyses.  For the 

characterization of these compounds we have used IR, UV and NMR spectral 

studies.  The molecular structure of quinoline-2-carboxaldehyde-N4-phenyl-3-

semicarbazone (HL2) was obtained by single crystal X-ray diffraction studies.  

Also, we have synthesized Zn(II), Cd(II), Cu(II), Ni(II), Co(II) and Mn(II) 

complexes of these semicarbazones, HL1 and HL2.  These complexes were 

characterized by various spectroscopic techniques, magnetic and conductivity 

studies.  We could isolate single crystals of some Zn(II) and Cd(II) compounds 

suitable for X-ray diffraction studies.  For other complexes we could not isolate 

single crystals of good quality for single crystal X-ray diffraction studies.  This 

thesis is divided into six chapters.   

Chapter 1 gives an introduction of semicarbazones and their metal 

complexes with an extensive literature survey relating the history, applications 
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and recent developments. This gives a detailed idea about bonding and 

stereochemistry of the semicarbazones.   

Chapter 2 explains syntheses and characterization of two NNO donor 

semicarbazones.   

Chapters 3, 4, 5 and 6 describe the syntheses and characterization of Zn(II), 

Cd(II), Cu(II), Ni(II), Co(II) and Mn(II) complexes of these semicarbazones.   

1.5. Introduction to the relevant analytical techniques 

The physicochemical methods adopted during the present investigation 

are discussed below: 

1.5.1. Elemental analysis 

CHN analyses were carried out using Vario EL III CHNS analyzer at the 

SAIF, Kochi, India.   

1.5.2. Conductivity measurements 

The molar conductivities of the complexes in DMF/DMSO solutions       

(10-3 M) at room temperature were measured using a direct reading conductivity 

meter at the Department of Applied Chemistry, CUSAT, Kochi, India. 

1.5.3. Magnetic susceptibility measurements 

Magnetic susceptibility measurements of Cu(II) complexes were carried 

out on a Vibrating Sample Magnetometer using Hg[Co(SCN)4] as a calibrant 

at the SAIF, Indian Institute of Technology, Madras.  The magnetic moments 

for Ni(II), Co(II) and Mn(II) complexes were found out using Gouy Balance at 

the Department of Applied Chemistry, CUSAT, Kochi, India. 

1.5.4. Infrared spectroscopy 

Infrared spectra of some of the complexes were recorded on a JASCO      

FT-IR-5300 Spectrometer in the range 4000-400 cm-1 using KBr pellets at the 
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Department of Applied Chemistry, CUSAT, Kochi, India, whereas for some other 

complexes IR spectra were recorded on a Thermo Nicolet AVATAR 370 DTGS 

model FT-IR Spectrophotometer with KBr pellets at the SAIF, Kochi, India.   

1.5.5. Electronic spectroscopy 

Electronic spectra in the range 200-500 nm were recorded on a Cary 

5000 version 1.09 UV-VIS- NIR Spectrophotometer using solutions in 

DMF/DMSO at the SAIF, Kochi, India.  The spectra in the range 500-900 nm 

were recorded on a Spectro UV-vis Double Beam UVD-3500 spectrometer at 

the Department of Applied Chemistry, CUSAT, Kochi, India.   

1.5.6. NMR spectroscopy 

The 1H and 13C NMR spectra were recorded using Bruker DRX 500 

Spectrometer, with CDCl3 as solvent and TMS as standard at the Sophisticated 

Instruments Facility, Indian Institute of Science, Bangalore, India.  

1.5.7. EPR spectroscopy 

EPR spectra were recorded in a Varian E-112 X-band EPR Spectrometer 

using TCNE as a standard at SAIF, IIT, Bombay, India.  g factors were quoted 

relative to the standard marker TCNE (g=2.00277).  EPR simulation of 

manganese(II) complexes were done using Easy spin program [21].   

1.5.8. X-ray crystallography 

X-ray diffraction measurements were carried out on a CrysAlis CCD 

diffractometer with graphite-monochromated Mo Kα (λ = 0.71073 Å) radiation at 

National Single Crystal X-ray Facility, IIT Bombay, Mumbai, India and 

University of Hyderabad, Hyderabad, India.  The program CrysAlis RED was 

used for data reduction and cell refinement.  The structure was solved by direct 

methods using SHELXS and refined by full-matrix least-squares refinement on F2 

using SHELXL.   
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                                                                        Chapter  2 

SYNTHESIS, SPECTRAL AND STRUCTURAL 
CHARACTERIZATION OF SEMICARBAZONE LIGANDS 

 

 

 

2.1 Introduction 

2.2 Experimental 

2.3 Results and discussion                      
 

 

 
 
 

2.1. Introduction 

Semicarbazones are the condenzation products of semicarbazides 

with aldehyde or ketone.  These compounds are having the formula 

R2C=N–NH–CO–NH2.  Semicarbazones are compounds with versatile structural 

features and can coordinate to the metal in both neutral and anionic forms.  These 

classes of compounds usually react with metallic cations giving complexes in 

which semicarbazones behave as chelating ligands.  The coordination possibilities 

of the semicarbazones are increased if the substituents of the aldehyde or ketone 

include additional donor atoms. These compounds are associated with diverse 

pharmacological activities such as antibacterial, antifungal, antihypertensive, 

hypolipidemic, antineoplastic, hypnotic and anticonvulsant.  The biological 

activities are due to the ability to form terdentate chelates with transition metal 

ions bonding through oxygen, pyridyl and azomethine nitrogen atoms [1].  

Lipophilicity can be modified by coordination and the metal complex can be more 

active than the free ligand.  It was reported that aryl semicarbazones were devoid 

of sedative hypnotic activity and exhibited anticonvulsant activity with less 

neurotoxicity [2].  Semicarbazones are also used as protected carbonyl compounds 

C
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n

ts
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in synthesis [3].  Several semicarbazones and its metal complexes have been the 

subject of chemical and structural studies [4].  Semicarbazones have been known 

as anticancer and antiviral agents for many years [5].  Due to their good 

complexing properties, biological activities and analytical application, semi-

/thiosemi-/isothiosemicarbazides and their Schiff bases of different denticity, as 

well as their metal complexes, have been the subject of many studies.   

We have synthesized two N4-phenyl substituted semicarbazones using 

di-2-pyridyl ketone and quinoline-2-carboxaldehyde. 

(i)  Di-2-pyridyl ketone-N4-phenyl-3-semicarbazone (HL1) 
(ii)  Quinoline-2-carboxaldehyde-N4-phenyl-3-semicarbazone (HL2) 

 
This chapter deals with the synthesis, spectral and structural 

characterization of semicarbazones, HL1 and HL2.  The structural formulae and 

numbering scheme of the two semicarbazones are given in Figure 2.1.  

However it should be noted that the numbering scheme in the crystal structures 

are based on the types of different atoms present.  

 
 Di-2-pyridy1 ketone-N4-pheny1-3-semicarbazone (HL1) 

 
 Quinoline-2-carboxaldehyde-N4-phenyl-3-semicarbazone (HL2) 

Figure 2.1. Structures and numbering schemes of the semicarbazones. 

Molecular formula: C18H15N5O 

Formula weight: 317.34 

Melting point : 160 oC 

Molecular formula: C17H14N4O 

Formula weight: 290.32 

Melting point : 188 oC 
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2.2. Experimental 
2.2.1. Materials 

Di-2-pyridyl ketone (Aldrich), N4-phenylsemicarbazide (Aldrich), 

quinoline-2-carboxaldehyde (Aldrich) and methanol were used as received.  

The solvents were purified according to standard procedures.   

2.2.2. Synthesis of semicarbazones 

(i)  Di-2-pyridyl ketone-N4-phenyl-3-semicarbazone (HL1) 

A methanolic solution of di-2-pyridyl ketone (0.184 g, 1 mmol) was 

mixed with N4-phenylsemicarbazide (0.151 g, 1 mmol) in methanol and to 

this mixture 3 drops of glacial acetic acid was added.  The reaction mixture 

was refluxed for 2 hrs.  On slow evaporation, colorless crystalline compound 

formed was filtered, washed with ether and recrystallized from ethanol and 

dried over P4O10 in vacuo (Scheme 2.1).   

Melting point = 160 oC; yield: 85%. 
 

+

N

N

O
NH

O

NH

NH2

N

N

NH

O

NH

N

Reflux

dil. CH3COOH

 

                                                                                   HL1 
Scheme 2.1 

(ii) Quinoline-2-carboxaldehyde-N4-phenyl-3-semicarbazone (HL2) 
 

A solution of quinoline-2-carboxaldehyde (0.157 g, 1 mmol) in 

methanol was mixed with a methanolic solution of N4-phenylsemicarbazide 

(0.151 g, 1 mmol) and 3 drops of glacial acetic acid was added to this.  The 
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reaction mixture was refluxed for 2 hrs.  On slow evaporation, colorless 

crystalline compound was filtered, washed with ether and recrystallized from 

ethanol and dried over P4O10 in vacuo (Scheme 2.2).   

Melting point =188 ºC; yield: 75% 

dil. 
CH3COOH

+
N

O

H

N
N

NH O

NH

NH

ONH

NH2 Reflux

 

                                                                                                  HL2 
Scheme 2.2 

2.2.3. Characterization of semicarbazones 

The semicarbazones were characterized by using 1H and 13C NMR 

spectra, IR spectra, electronic spectra and partial elemental analyses.  One of 

the semicarbazones, quinoline-2-carboxaldehyde-N4-phenyl-3-semicarbazone 

(HL2) was characterized by single crystal X-ray diffraction studies also.  

Elemental analyses were carried out using a Vario EL III CHNS analyzer at 

the SAIF, Kochi, India.  Infrared spectra were recorded on a JASCO FT-IR-

5300 Spectrometer in the range 4000-400 cm-1 using KBr pellets.  Electronic 

spectra were recorded on a Cary 5000 version 1.09 UV-VIS-NIR 

Spectrophotometer using solutions in DMF.  The 1H and 13C NMR spectra 

were recorded using Bruker DRX 500 Spectrometer, with CDCl3 as solvent 

and TMS as standard at the Sophisticated Instruments Facility, Indian 

Institute of Science, Bangalore, India.  



Synthesis, spectral and structural characterization of semicarbazone ligands 

 Department of Applied Chemistry, CUSAT 15  

2.2.4. X-ray crystallography 

Single crystals of HL2 suitable for X-ray analysis were obtained from its 

solution in 1:1 (v/v) mixture of methanol and DMF.  A crystal with 

approximate dimensions 0.36 x 0.23 x 0.21 mm3 was selected for collecting 

the data.  The crystallographic data and structure refinement parameters of 

compound HL2 are given in Table 2.1.  X-ray crystallographic data were 

collected at 150(2) K on a Crys Alis CCD diffractometer with graphite-

monochromated Mo Kα (λ = 0.71073 Å) radiation.  The program Crys Alis 

RED was used for data reduction and cell refinement.  The structure was 

solved by direct methods and refined by least-square on Fo
2 using SHELXL-97 

[6].  All non-hydrogen atoms were refined anisotropically. All hydrogen atoms 

except those attached to nitrogens were geometrically fixed at calculated 

positions.  Those on nitrogen atoms were refined from Fourier maps.  

Refinement of F2 was done against all reflections.  All esds, except the esd in 

the dihedral angle between two least square planes, are estimated using the full 

covariance matrix.  Flack x parameter is 0(2).  As this value is 0, with small 

standard uncertainty, the absolute structure given by the structure refinement is 

likely correct [7].  The molecular graphics employed were DIAMOND version 

3.1d [8] and PLATON [9].  A total of 12679 reflections were collected.  The 

final refinement cycle was based on all 2488 independent reflections and 207 

variables with R1= 0.0628 and wR2= 0.0834.   
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Table 2.1. Crystal data and structure refinement parameters of HL2  

Empirical formula C17H14N4O 

Formula weight 290.32 

Temperature 150(2) K  

Wavelength 0.71073 Å 

Crystal system Orthorhombic 

Space group P212121 

Unit cell dimensions 
 
 

a = 6.4662(3) Å 
b = 10.3994(5) Å 
c = 21.0315(11) Å 
α = 90° 
β = 90°  
γ = 90º 

Volume 1414.25(12) Å3 

Z 4 

Density (calculated) 1.364 Mg/m3 

Absorption coefficient 0.089 mm-1 

F(000) 608 

Crystal size 0.36 x 0.23 x 0.21 mm3 

θ range for data collection 3.30 to 25.00°. 

Reflections collected 12679 

Index ranges -7≤h≤7, -12≤k≤12, -25≤l≤21 

Independent reflections 2488 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2488 / 0 / 207 

Goodness-of-fit on F2 1.019 

Final R indices [I>2σ(I)] R1 = 0.0427, wR2 = 0.0754 

R indices (all data) R1 = 0.0628, wR2 = 0.0834 

Largest diff. peak and hole 0.148 and -0.135e.Å -3 
  

R1 = Σ||Fo| - |Fc|| / Σ|Fo|               wR2 = [Σw(Fo
2-Fc

2)2 / Σw(Fo
2)2]1/2 
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2.3.  Results and discussion 

Semicarbazone is the condenzation product of semicarbazide and 

aldehyde or ketone.  The compound HL1 is formed by the condenzation of N4-

phenylsemicarbazide and di-2-pyridyl ketone in the molar ratio 1:1 and HL2 is 

formed from N4-phenylsemicarbazide and quinoline-2-carboxaldehyde in the 

same molar ratio.  The condenzation reaction is catalyzed by an acid.  

Methanol is used as the solvent.  The elemental analysis data obtained are in 

good agreement with the stoichiometry of di-2-pyridyl ketone-N4-phenyl-3-

semicarbazone (HL1) and quinoline-2-carboxaldehyde-N4-phenylsemicarbazone 

(HL2). The semicarbazones HL1 and HL2 can exist in keto or enol form or an 

equilibrium mixture of two tautomers since it has an amide, –NH–C=O function.  

However crystal study and spectral studies indicate the existence of keto form in 

the solid state.  The analytical data of the semicarbazones are presented in 

Table 2.2. 
  

Table 2.2. Analytical data 

Found (Calcd) % 
Compound Empirical formula 

C H N 

HL1 C18H15N5O 67.44 
(68.13) 

4.80 
 (4.76) 

22.14  
(22.07) 

HL2 C17N14N4O 70.13 
(70.33) 

4.99  
(4.86) 

19.22  
(19.30) 

 

2.3.1. Crystal structure of HL2 

The molecular structure of HL2 along with the atom numbering scheme 

is given in Figure 2.2.  Selected bond lengths and angles are given in Table 2.3.  

The compound crystallizes into an orthorhombic space group P212121.  The 

molecule is almost planar and exists in the E configuration with respect to 

C10=N2 bond. [10].  A torsion angle value of 179.5(2)° corresponding to   
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O(1)–C(11)–N(3)–N(2) moiety confirms the trans configuration of the O(1) 

atom with respect to hydrazine nitrogen atom N(2).  As a result, atom N(2) lies 

cis to N(4), with an N(4)–C(11)–N(3)–N(2) torsion angle of -1.9(3).  This 

arrangement favors the hydrogen bond interaction of N(2) and H–N(4).  The 

C(10)–N(2) bond distance [1.282(3) Å] is appreciably close to that of C=N 

double bond [1.28 Å], confirming the azomethine bond formation.  The 

existence of semicarbazone in the keto form in the solid state is evidenced by 

the C(11)–O(1) bond distance of 1.222(3) Å, which is very close to a formal 

C=O bond length [1.21 Å].  However, the N(2)–N(3) [1.379(3) Å] and         

N(3)–C(11) [1.376(3) Å] bond distances are intermediate between the ideal 

values of corresponding single [N–N; 1.45 Å and C–N; 1.47 Å] and double 

bonds [N=N; 1.25 Å and C=N; 1.28 Å], which is in support of an extended π 

delocalization along the semicarbazone chain [11].  Out of two C(11)–N 

bonds, C(11)–N(4) bond is significantly shorter than C(11)–N(3), suggesting 

greater double bond character for the former bond and indicating increased 

electron localization at this substituted end [12].   

 
Figure 2.2. Molecular structure of HL2. 
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Table 2.3. Selected bond lengths (Å) and bond angles (º) of HL2 

Bond lengths Bond angles 
C(12)–N(4) 

C(11)–O(1) 

C(11)–N(4) 

C(11)–N(3) 

C(10)–N(2) 

C(10)–C(9) 

N(3)–N(2) 

1.422(3) 

1.222(3) 

1.353(3) 

1.376(3) 

1.282(3) 

1.469(3) 

1.378(3) 

O(1)–C(11)–N(4) 

O(1)–C(11)–N(3) 

N(4)–C(11)–N(3) 

N(2)–C(10)–C(9) 

C(11)–N(3)–N(2) 

C(10)–N(2)–N(3) 

C(9)–N(1)–C(1) 

125.4(2)        

119.5(2) 

115.0(2) 

121.1(2) 

121.2(2) 

114.3(2) 

118.1(2) 

 

Figures 2.3 and 2.4 show unit cell packing of HL2.  The assemblage of 

molecules in the respective manner in the unit cell is resulted by the π–π,         

C–H···π and hydrogen bonding interactions.  The centroid Cg(1) is involved in 

π–π interaction with Cg(3) of the neighboring molecule at a distance of 4.5426 Å 

and a C–H···π interaction, C(4)–H(4)···Cg(2) at a distance of 2.67 Å contribute 

stability to the unit cell packing.  The unit cell comprises of four molecules.  

 
Figure 2.3. Unit cell packing diagram of HL2 along b axis. 
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Figure 2.4. Unit cell packing diagram of HL2 along c axis. 

 

There are two prominent intramolecular and one intermolecular 

hydrogen-bonding interactions (Table 2.4 and Figure 2.5). The crystal 

structure is stabilized by intra- and intermolecular hydrogen bonding and the 

molecules are arranged in opposite manner.  Two prominent intramolecular 

hydrogen bonding interactions, viz. N(4)–H(4)···N(2) and C(17)–H(17)···O(1) 

led to the formation of one five membered ring and one six membered ring 

comprising of atoms N(2), N(3), C(11), N(4), H(4)N and O(1), C(11), N(4), 

C(12), C(17), H(17)C respectively [13,14].  An intermolecular hydrogen 

bonding, N(3)–H(3)···N(1) at a N(3)–N(1) distance of 3.028(3) Å also supports 

the present conformation of the semicarbazone.   
 

Table 2.4. Hydrogen-bond geometry (Å, º) 

D–H···A D···H (Å) H···A (Å) D···A (Å) D–H···A (°) 

N(4)–H(4)···N(2) 0.860(3) 2.280(3) 2.662(3) 107(2) 

C(17)–H(17)···O(1) 0.950 2.230 2.848(3) 122 

N(3)–H(3)···N(1)a 1.04(3) 1.99(3) 3.028(3) 173(2) 

A=acceptor, D=donor, Equivalent position code: a= -1/2+x,3/2-y, 1-z 
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Figure 2.5. Intermolecular hydrogen bonding interactions. 

The phenyl ring Cg(3) and quinoline ring Cg(4) make a dihedral angle of 

14.62(10)o between each other. The quinoline ring Cg(4) and 

semicarbazone moiety make a dihedral angle of 3.96(6)o.  Least deviation is 

between Cg(2) and Cg(4) at a dihedral angle of 0.39(9)o.  The largest 

deviation is observed between the planes of the phenyl ring Cg(3) and 

Cg(2) positioned at a dihedral angle of 14.75(12)o between each other.  

Some weak π–π and C–H···π interactions, viz. Cg(1)···Cg(3)b; [Cg(1): N(1), C(9), 

C(8), C(7), C(6), C(1) and Cg(3): C(12), C(13), C(14), C(15), C(16), C(17); 

Cg···Cg=4.5426(14) Å; b=1+x,y,z], Cg(3)···Cg(1)c; [Cg···Cg=4.5426(14) Å; 

c= -1+x,y,z] and C(4)–H(4)···Cg(2)d; [Cg(2): C(6), C(5), C(4), C(3), C(2),C(1); 

C(4)···Cg=2.67Å; d=½+x, 2
5 -y,1-z], are the shortest interactions observed 

of their type in the lattice of the present compound (Table 2.5). 
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Table 2.5. π···π interactions 

Cg(I)···Cg(J) Cg–Cg (Å) α˚ β˚ 

Cg(1)···Cg(3)b 

Cg(3)···Cg(1)c 
4.5426 (14) 
4.5426 (14) 

14.60 (11) 
14.60 (11) 

51.04 
37.25 

                
Equivalent position code:  

b=1+x, y, z; c= -1+x, y, z 

Cg(1) = N(1), C(9), C(8), C(7), C(6), C(1)  

Cg(3) = C(12), C(13), C(14), C(15), C(16), C(17) 

α = Dihedral angle between planes 1 and 3 (Deg) 

β = Angle between Cg–Cg and Cg(J) perp. 

 
C–H···π interactions 

X–H···Cg(J) H···Cg (Å) X–H···Cg (˚) X···Cg (Å) 

C(4)–H(4)···Cg(2)d 2.67 146 3.498 

 
 Equivalent position code:  

d= ½+x, 2
5 -y, 1-z  

Cg(2)= C(6),C(5),C(4),C(3),C(2),C(1) 

2.3.2. Infrared spectra 

Infrared spectra were recorded on a JASCO FT-IR-5300 spectrometer in 

the range 4000-400 cm-1 using KBr pellets.  The characteristic IR bands 

observed for the semicarbazones, HL1 and HL2 along with their relative 

assignments are presented in the Table 2.6. 

The characteristic IR bands of the semicarbazones provide significant 

information regarding the various functional groups present in them.  The IR 
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frequencies of the carbonyl group of the semicarbazones drew interest rather 

early. It was observed that the IR frequency of the carbonyl of the 

semicarbazones is normally found at ca.1690 cm-1 (in KBr), which appeared 

abnormally high as compared to those of amides and urea [15].  This shift of 

IR frequency can be explained by the combined inductive effect of nitrogen 

atoms, which would pull the π cloud of carbonyl closer to the carbon, 

diminishing the polar character of the C=O.  This would cause a rise in the 

IR frequency of the C=O [16].  The presence of bands at 1718 and 1702 cm-1 

of HL1 and HL2 respectively assigned to v(C=O) stretching vibrations which 

reveal the presence of keto form in the solid state.  Medium bands observed 

at 3369 and 3380 cm-1 are assigned to the va(NH) of the imino group of 

semicarbazones, HL1 and HL2 respectively and this also suggest that HL1 and 

HL2 exist in keto form in the solid state.  The azomethine stretching 

vibrations are observed at 1591 and 1592 cm-1 for HL1 and HL2 respectively 

which are in agreement with earlier reports of N4-substituted semicarbazones 

[17].  The IR spectral bands of HL1 and HL2 observed at 1129 and 1153 cm-1 

correspond to ν(N–N) [18,19].  Presence of bands at 1535 and 1526 cm-1 for 

the ligands HL1 and HL2 respectively are due to the interactions between N–

H bending and C–N stretching vibrations of the C–N–H group of the amide 

function.  Weak bands at 1265 and 1269 cm-1 also result from the N–H 

bending and C–N stretching interactions.   

Table 2.6. IR spectral assignments (cm-1) of the semicarbazones 

Compound ν(NH) ν(C=N) ν(CO) ν(N–N) 

HL1 3369 1591 1718 1129 

HL2 3380 1592 1702 1153 
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Figure 2.6.  IR spectra of HL1 and HL2. 
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The bands at 1216 and 1034 cm-1 for HL1 and 1225 and 1113 cm-1 for 

HL2 correspond to the in-plane vibrations of the pyridyl and quinoline rings 

respectively while the out-of-plane vibrations are observed at 601 and 689 

cm-1 for HL1 and HL2 respectively [20-22].  IR spectra of the semicarbazones 

HL1 and HL2 are presented in Figure 2.6.   

2.3.3. Electronic spectra 

In contrast to the infrared spectrum, the electronic spectrum is not used 

primarily for the identification of individual functional groups, but rather to 

show the relationship between functional groups, chiefly conjugation [23].  

The UV-visible spectra of organic compounds are associated with the 

electronic transition between energy levels, and at wavelengths above 200 nm, 

excitation of electrons from the π-orbitals usually giving rise to informative 

spectra [24].  The tentative assignments of the significant electronic spectral 

bands of semicarbazones are presented in Table 2.7.  Electronic spectra were 

recorded on a Cary 5000 version 1.09 UV-VIS- NIR Spectrophotometer using 

solutions in DMF. Electronic spectrum of semicarbazone HL1 shows 

absorption maxima at 36300 and 31160 cm-1 respectively, which are attributed 

to π→π* transition of the pyridyl ring and imine function of the semicarbazone 

moiety and n→π* transition of azomethine and carbonyl groups respectively.  

For HL2, π→π* transition is observed at 36940 whereas n→π* transitions are 

observed in the range 32200-28770 cm-1. Electronic spectra of the 

semicarbazones are presented in Figure 2.7. 

Table 2.7. Electronic spectral assignments of semicarbazones 

Compound π–π* n–π* 

HL1 36300 31160 

HL2 

 
36940 32200, 31300,  

29900, 28770 
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Figure 2.7. Electronic spectra of semicarbazones. 

 
2.3.4. 1H NMR spectra 

The 1H NMR spectra were recorded using Bruker DRX 500 

Spectrometer, with CDCl3 as solvent and TMS as standard at the Sophisticated 

Instruments Facility, Indian Institute of Science, Bangalore, India.  Proton 
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magnetic resonance spectroscopy is a helpful tool for the identification of 

organic compounds in conjunction with other spectrometric informations.  The 

assignments are done on the basis of chemical shifts, multiplicities and 

coupling constants.  These give insight into the average effective magnetic 

fields present, interaction of nuclear spin with the adjacent atoms and the 

number of equivalent protons.   

The 1H NMR spectrum of HL1 along with the assignments is given in 

Figure 2.8.  For HL1, a sharp singlet, which integrate as one hydrogen at δ=13.37 

ppm is assigned to the proton attached to the nitrogen atom N(4).  The downfield 

shift of this proton is assigned to its hydrogen bonding interaction with adjacent 

nitrogen atom N(1).  Another singlet at δ=8.37 ppm is assigned to the N(5) proton.  

This downfield also explained with the hydrogen bonding interaction with 

nitrogen atom N(3).  Hydrogen bonding decreases the electron density around the 

proton and thus moves the proton absorption to a lower field.  Absence of any 

coupling interactions by N(4)H and N(5)H protons due to the lack of availibity of 

protons on neighboring atoms render singlet peaks for the imine protons.  So the 

downfield shift of N(4) and N(5) protons can be explained by the hydrogen 

bonding interaction and the decoupling by the electric quadrupole effects.   

Two doublets at δ=8.78 and 8.66 ppm are assigned to the C(1)H and 

C(11)H protons respectively.  These signals are shifted to lower field due to 

electronic effect of the adjacent electronegative pyridyl nitrogens and the more 

downfield shift of C(1)H can be attributed to the increased charge density on N(1) 

resulted by its hydrogen bonding to N(4)H.  The proton resonances of the two 

pyridyl rings also appear separately in the NMR spectrum, due to the 

intramolecular hydrogen bonding.  There are two triplets at δ=7.87 and 7.79 ppm 

corresponding to similar protons on C(3) and C(9) of the two pyridyl rings, while 

the C(2) and C(10) protons resonances appear overlapped in the multiplet 7.34 

ppm.  Another two doublets at δ=7.56 and 7.51 ppm are assigned to C(4) and C(8) 
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protons.  The resonances for the C6H5-group appear as triplet at 7.04 ppm for para 

proton and as multiplets at 7.34 ppm for ortho and meta phenyl protons [25]. 

 

 
 

Figure 2.8. 1H NMR spectrum of HL1. 
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The 1H NMR spectrum of the semicarbazone, HL2 along with the 

spectral assignments is given in Figure 2.9.  The signals at δ=11.18 and 

9.14 ppm are assigned to N(2)H and N(1)H protons respectively.   

 
 

 
Figure 2.9. 1H NMR spectrum of HL2. 
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These protons are shifted downfield because they are attached to 

hetero atoms and so are easily subjected to hydrogen bonding and are 

decoupled by the electrical quadrupole effects.  The protons attached to 

N(2) and N(1) appear as singlets as expected since these NH protons are 

decoupled from the nitrogen atoms and the protons from the adjacent 

atoms.  Absence of any coupling interactions by C(8)H proton due to the 

non-availability of protons on neighboring atoms render singlet peak at 

δ=8.15 ppm.  Two doublets at δ=8.53 and 8.42 ppm are assigned to the 

C(11)H and C(10)H protons respectively.  At δ=8.00, we got a quartet which 

is assigned to be a merged form of one triplet and a doublet corresponding to 

C(15)H and C(13)H protons.  Another triplet at δ=7.99 ppm is assigned to 

C(14)H proton.  The resonances for the C6H5-group appear as a doublet at 

δ=7.68 ppm (ortho) and as triplets at δ=7.33 and 7.06 ppm corresponding 

to meta and para phenyl protons.  All the assignments made above are in 

good agreement with previous reports [26,27].  

2.3.5.  13C NMR spectra 

13C NMR spectra of semicarbazones, HL1 and HL2 were recorded in 

CDCl3. The 13C NMR spectrum provides direct information about the 

carbon skeleton of compounds.  The carbon atoms were assigned on the 

basis of proton decoupled 13C NMR spectrum.  The signals from 13C 

spectrum are much weaker than that of the corresponding proton NMR 

spectrum.  Assignment of different resonant peaks to respective carbon 

atoms of HL1 is presented in Figure 2.10.  Considering the two pyridyl 

rings non-equivalent, resulting from the hydrogen bonding interaction, 

there are 15 unique carbon atoms in the molecule, which give a total of 15 

different peaks in the 13C NMR spectrum.  In both the pyridyl rings, the 

C(1) and C(11) carbon atoms adjacent to the more electronegative nitrogen 
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atoms N(1) and N(2) are shifted farther downfield when compared to the 

neighboring carbon atoms.   

 
Figure 2.10. 13C NMR spectrum of HL1. 

 

Also the carbon atoms at para position to the hetero atoms viz. C(3) and 

C(9) resonate at lower field values when compared to the meta positioned 

carbons C(2), C(4), C(8) and C(10).  The 13C peaks are assigned as follows : 
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C(1), 148.68 ppm ; C(2), 123.87 ppm; C(3), 136.81 ppm; C(4), 126.24 ppm;  

C(5), 151.96 ppm; C(6), 152.95 ppm; C(7), 148.00 ppm; C(8), 128.89 ppm; C(9), 

137.01 ppm; C(10), 123.87 ppm; C(11), 140.28 ppm; C(12), 156.20 ppm; C(13), 

137.98 ppm; C(14), 123.75 ppm; C(15), 123.38 ppm; C(16), 119.60 ppm; 

C(17), 123.38 ppm; C(18), 123.75 ppm.  The non- protonated carbon atom 

at C(6) is shifted farthest downfield in the spectrum (δ= 152.95 ppm), 

effected by the magnetic interaction of two bulky pyridyl rings and π 

electron delocalization on the C(6)=N(3) bond.  Similarly, the C(12) carbon 

atom resonance is also observed at a lower field of 156.20 ppm resultant of 

the conjugative effect of the –N(3)–N(4)–C(O)–N(5)– semicarbazone 

skeleton. 

The proton decoupled 13C spectrum of the semicarbazone, HL2 

contains 15 peaks corresponding to the fifteen magnetically unique carbon 

atoms.  Assignment of different resonant peaks to respective carbon atoms is 

presented in Figure 2.11.  The peaks at 152.86, 147.31 and 141.42 ppm 

correspond to the C(8), C(9) and C(17) carbon atoms respectively.  The 

carbon atom at para position to the heteroatom viz. C(11) resonate at lower 

field value when compared to the meta positioned carbon atom C(10).  The 

non-protonated carbon C(7) is showing more downfield shift due to 

increased electron density resulting from the presence of electronegative 

oxygen and conjugative effect of the –N(3)–N(2)–C(O)–N(1)– semicarbazone 

skeleton.  The 13C peaks are assigned as follows. C(1), 138.85 ppm; C(2), 

122.81 ppm; C(3), 120.32 ppm; C(4), 118.20 ppm; C(5), 120.32 ppm; C(6), 

122.81 ppm; C(7), 153.90 ppm; C(8), 152.86 ppm; C(9), 147.31 ppm; C(10), 

129.89 ppm; C(11), 136.24 ppm; C(12), 128.75 ppm; C(13), 127.76 ppm; 

C(14), 126.98 ppm; C(15), 128.45 ppm; C(16), 127.92 ppm; C(17), 141.42 ppm.  

The downfield shift of C(8) carbon is due to the π electron delocalization 

on the C(8)=N(3) bond [28].  
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Figure 2.11. 13C NMR spectrum of HL2. 
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                                                                         Chapter  3 

SYNTHESIS, SPECTRAL AND STRUCTURAL STUDIES 
ON Zn(II) COMPLEXES OF N4-SUBSTITUTED 

SEMICARBAZONES 
 

 

 

 3.1 Introduction 

 3.2 Experimental 

 3.3 Results and discussion  
 

 

 

3.1. Introduction 

Centuries before zinc was discovered in the metallic form, its ores were 

used for making brass and zinc compounds were used for healing wounds and 

sore eyes.  Ores containing zinc are widespread geologically and geographically 

and many ore bodies are still awaiting development when sufficient demand 

occurs.  The abundance of zinc in the earth's crust is approximately 132 ppm by 

weight.  Usually zinc ores are found in association with those of lead, copper, 

gold, silver as well as other metals.  Rarely is the ore, as mined, rich enough to 

be used directly by smelters; it needs to be concentrated.  Typically zinc ores 

contain 3% to more than 10% zinc and zinc concentrates will contain         

55% zinc. 

Zinc is an essential trace element in the human body, where it is found in 

high concentration in the red blood cells as an essential part of enzyme 

carbonic anhydrase, which promotes many reactions relating to carbon dioxide 

metabolism.  It is vital for many biological functions such as disease 
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resistance, wound healing, digestion, reproduction, physical growth, diabetes 

control, taste and smell [1].  Every cell in the human body requires zinc to 

multiply and more than 300 enzymes need zinc for proper functioning.  The 

World Health Organization's "World Health Report 2002" estimated that one-third 

(33%) of the world's population is at risk of inadequate zinc intakes.  The effects 

of zinc deficiency may be severe, ranging from impaired neuropsychological 

functions, growth retardation and stunting, impaired reproduction, immune 

disorders, dermatitis, impaired wound healing, lethargy, loss of appetite and loss 

of hair [2].   

Zinc element has a d10s2 electronic arrangement and they typically 

form M2+ ions.  However, many of their compounds are appreciably 

covalent.  In view of the stability of the filled d sublevel, the element shows a 

few of the characteristics of transition metals despite its position in the        

d-block of the periodic table.  It resembles other transition metals in the 

formation of stable complexes with O, N and S-donor ligands and with ions 

like cyanide, halide etc. This means high flexibility in the structure, 

coordination mode and coordination number of the complexes produced.  

Among these complexes, some have attracted special attention as model 

compounds for the active sites of zinc-containing enzymes [3] and their 

functions strongly depend upon the coordination environment around the 

zinc ion.  Therefore, for understanding or creating functional zinc complexes, 

it is important to consider the relationship of the coordination characteristics 

peculiar to zinc ion. Biological activity of thiosemicarbazones and 

semicarbazones are found to increase on complexation with transition metals 

[4], higher activity being incorporated with substitution at N4-position [5].  

Tetrahedral as well as octahedral Zn(II) complexes of thiosemicarbazide and 

thiosemicarbazone, in which the ligands are known to be bidentate, have 

been reported [6].  On the other hand, ligands, such as ethylacetoacetate 
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semicarbazone and thiosemicarbazone are found to be tridentate in their zinc 

complexes [7], in which the third coordinating center is provided by the 

carbonyl group.  This chapter describes the synthesis and characterization of 

eight zinc(II) complexes of N4-substituted semicarbazones, HL1 and HL2.   

3.2. Experimental 
3.2.1. Materials 

The syntheses of the semicarbazones, HL1 and HL2 have been described 

already in Chapter 2.  Zinc(II) bromide, zinc(II) chloride, zinc(II) acetate dihydrate 

and sodium azide were commercial products of higher grade (Aldrich) and 

reagents used were of Analar grade and used without further purification.   

3.2.2. Synthesis of complexes 
[Zn(HL1)Br2] (1) 

A solution of semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of 

methanol was treated with a methanolic solution of zinc(II) bromide   

(0.225 g, 1 mmol).  The solution was heated under reflux for 4 h.  The 

resulting solution was allowed to stand at room temperature and after slow 

evaporation yellow crystals separated out, which were collected, washed with 

ether and dried over P4O10 in vacuo.  

Yield ~0.35 g. 

[Zn(HL1)Cl2] (2) 

A solution of semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of 

methanol was treated with a methanolic solution of zinc(II) chloride    

(0.136 g, 1 mmol).  The solution was heated under reflux for 4 h.  The 

resulting solution was allowed to stand at room temperature and after slow 

evaporation yellow crystals separated out, which were collected, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.28 g.  
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[ZnL1(OAc)] (3) 

A solution of semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of 

methanol was treated with a methanolic solution of zinc(II) acetate dihydrate 

(0.219 g, 1 mmol).  The solution was heated under reflux for 3 h.  The 

resulting solution was allowed to stand at room temperature and after slow 

evaporation yellow crystals separated out, which were collected, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.32 g.  

[ZnL1N3] (4) 

A solution of the semicarbazone, HL1 (0.317 g, 1 mmol) in 

methanol was treated with a methanolic solution of zinc(II) acetate 

dihydrate (0.219 g, 1 mmol).  The solution was heated under reflux and 

sodium azide (0.130 g, 2 mmol) was added in portions to the solution and 

further refluxed for 4 h.  The resulting solution was allowed to stand at 

room temperature and upon slow evaporation gave yellow crystals.  The 

crystals separated out were collected, washed with ether and dried over 

P4O10 in vacuo. 

Yield ~0.25 g. 

[ZnL1
2] (5) 

A solution of the semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of 

methanol was treated with a methanolic solution of zinc(II) acetate dihydrate 

(0.109 g, 0.5 mmol).  The solution was heated under reflux for 2 h.  The 

resulting solution was allowed to stand at room temperature and after slow 

evaporation yellow crystals were separated out, which were collected, washed 

with ether and dried over P4O10 in vacuo. 

Yield ~0.20 g. 
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[ZnL1
2]·0.3H2O (6) 

A solution of the semicarbazone, HL1 (0.317 g, 1 mmol) in methanol was 

treated with a methanolic solution of zinc(II) acetate dihydrate (0.219 g, 1 mmol).  

The solution was heated under reflux and sodium azide (0.065 g, 1 mmol) was 

added in portions to the solution and further refluxed for 4 h.  The resulting 

solution was allowed to stand at room temperature and upon slow evaporation 

gave yellow crystals.  The crystals separated out were collected, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.16 g. 

[ZnL2(OAc)]·5H2O (7) 

A solution of the semicarbazone, HL2 (0.290 g, 1 mmol) in DMF is mixed 

with methanolic solution of zinc(II) acetate dihydrate (0.219 g, 1 mmol) and the 

mixture was heated under reflux for 3 h and cooled.  The complex separated was 

filtered, washed thoroughly with ether and dried over P4O10 in vacuo.   

Yield ~0.20 g. 

[ZnL2N3]·2H2O (8) 

A solution of the semicarbazone, HL2 (0.290 g, 1 mmol) in DMF is 

mixed with methanolic solution of zinc(II) acetate dihydrate (0.219 g, 1 mmol) 

and the mixture was heated under reflux for 4 h and sodium azide        

(0.130 g, 2 mmol) was added in portions to the solution and further refluxed 

for 3 h.  The resulting solution was allowed to stand at room temperature and 

upon slow evaporation gave yellow crystals.  The crystals separated out were 

collected, washed with ether and dried over P4O10 in vacuo. 

Yield ~0.25 g. 

3.2.3. Analytical methods 

Carbon, hydrogen and nitrogen analyses were carried out using a Vario 

EL III CHNS analyzer at the SAIF, Kochi, India.  Infrared spectra were 
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recorded on a JASCO FT-IR-5300 Spectrometer in the range 4000-400 cm-1 

using KBr pellets.  Electronic spectra were recorded on a Cary 5000 version 

1.09 UV-VIS-NIR Spectrophotometer using solutions in DMF.  The 1H and 
13C NMR spectra were not recorded due to insolubility of complexes in CHCl3, 

CH2Cl2 and CH3CN.   

3.2.4. X-ray crystallography 

Single crystals of compound, [Zn(HL1)Br2] (1) suitable for X- ray 

diffraction were obtained by slow evaporation of its solution in 1:1:1 mixture 

of CH3OH, CHCl3 and CH2Cl2.  Single crystals of compound, [ZnL1
2] (5) were 

obtained by slow evaporation of its solution in 1:1 mixture of CH3OH and 

CH3CN and of compound [ZnL1
2]·0.3H2O (6) was obtained by slow 

evaporation of solution of the compound in 1:1:1:1 mixture of DMF, CHCl3, 

CH3CN and CH3OH.  X-ray diffraction measurements were carried out on a 

CrysAlis CCD diffractometer with graphite-monochromated Mo Kα                

(λ = 0.71073 Å) radiation.  The program CrysAlis RED was used for data 

reduction and cell refinement [8].  The structure was solved by direct methods 

using SHELXS [9] and refined by full-matrix least-squares refinement on F2 

using SHELXL [9].  The N–H hydrogen atoms were located from difference 

Fourier maps and refined isotropically.  The remainder of the H-atoms were 

included in calculated positions and refined as riding atoms using default 

SHELXL parameters.  Compound [ZnL1
2]·0.3H2O (6) is non-centrosymmetric 

and its Flack x parameter is 0.001(12).  As this value is near to 0, with small 

standard uncertainty, the absolute structure given by the structure refinement is 

likely correct [10].   

The structures of the compounds were plotted using the program ORTEP 

[11].  The crystallographic data along with the structural refinements are given 

in Table 3.1.   
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3.3. Results and discussion  

The analytical data of all the complexes are listed in Table 3.2. Di-2-pyridyl 

ketone-N4-phenyl-3-semicarbazone, (HL1) reacts with zinc(II) halides in the molar 

ratio 1:1 in 1 and 2, the complexes of the type Zn(HL1)X2, where X = Br and Cl.  

The complexes 3, 4, 7 and 8 were consistent with the general composition ZnLY 

where Y = OAc, N3, OAc and N3 respectively and for complexes 5 and 6, the 

composition ZnL1
2 was obtained.  For the preparation of complexes 3, 7 and 5, 

Zn(OAc)2·2H2O and semicarbazones were taken in 1:1, 1:1 and 1:2 ratio 

respectively and in complexes 4, 8 and 6, Zn(OAc)2·2H2O, semicarbazones and 

NaN3 were taken in 1:1:2, 1:1:2 and 1:1:1 ratios respectively.  In complex 6, 

however, the azide added was not coordinated and [ZnL1
2]·0.3H2O was obtained 

accidentally, though the yield was much lower.  Although the molecular formulae 

of 5 and 6 are slightly different, the crystallographic parameters are totally 

different.  In the complexes 1 and 2, the semicarbazone coordinates as neutral keto 

form whereas in all other complexes semicarbazones coordinate in monoanionic 

enolate form.  All the complexes are found to be diamagnetic as expected for a d10 

Zn(II) system.   
 

Table 3.2. Analytical data 

Found (Calculated) % Compound   Color 
C H N 

[Zn(HL1)Br2] (1) Yellow 39.92 (39.85) 2.63 (2.79) 12.99 (12.91) 

[Zn(HL1)Cl2] (2) Yellow 47.72 (47.66) 3.41 (3.33) 15.57 (15. 44) 

[ZnL1(OAc)] (3) Yellow 53.73 (54.25) 4.30 (4.33) 15.71 (15.82) 

[ZnL1N3] (4) Yellow 50.75 (51.02) 3.27 (3.33) 26.56 (26.44) 

[ZnL1
2] (5) Yellow 61.53 (61.94) 3.96 (4.04) 20.01 (20.07) 

[ZnL1
2]·0.3H2O (6) Yellow 60.87 (61.41) 4.01 (4.10) 19.25 (19.89) 

[ZnL2(OAc)]·5H2O (7) Yellow 45.83 (45.29) 5.38 (5.20)  11.33 (11.12) 

[ZnL2N3]·2H2O (8) Yellow 47.07 (47.18) 3.36 (3.96) 22.57 (22.66) 
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3.3.1.  Crystal structures of [Zn(HL1)Br2] (1), [ZnL1
2] (5) and 

[ZnL1
2]·0.3H2O (6) 

 
The molecular structure of the complex 1, along with the atom numbering 

scheme is presented in Figure 3.1.  The compound crystallizes in the monoclinic 

space group P21/n.  In this compound, Zn atom is coordinated by azomethine 

nitrogen (N2), pyridyl nitrogen (N1), ketoxy oxygen (O1) and two bromide ions 

(Br1 and Br2).  The bond distances to Zn are in the order Zn–N(azo)< Zn–N(py)< 

Zn–O(ketoxy)< Zn–Br1< Zn–Br2.  The bond lengths, Zn–N(py), 2.154(3) Å and 

Zn–N(azo), 2.130(3) Å are very similar compared to other Zn complexes of 

thiosemicarbazones [12-14].  The Zn–Br bond distances are 2.3561(5) and 

2.4026(6) Å, but there is a difference of 0.0465 Å between the Zn–Br bonds of 

[Zn(HL1)Br2].  The basal plane could involve either Br1 or Br2 with 

semicarbazone moiety, but because Zn–Br1 is marginally shorter and it can be 

designated as the apical position.  The Zn atom is displaced with a distance of 

0.8335 Å above the basal plane and elongated towards Br1.  The selected bond 

lengths and bond angles are given in Table 3.3.   

 
Figure 3.1. Molecular structure of [Zn(HL1)Br2] (1). 
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According to Addison et al. [15], for five coordinated complexes, the 

angular structural parameter (τ) is used to propose an index of trigonality.  

The value of τ is defined by an equation represented by τ = (β – α)/60, 

where β is the greatest basal angle and α is the second greatest angle; τ is 0 

for square pyramidal forms and 1 for trigonal bipyramidal forms [16].  

However, in the case of the five coordinate systems, the structures vary 

from near regular trigonal bipyramidal (RTB) to near square based 

pyramidal (SBP).  The value of τ for the compound 1 of 0.27 indicates that 

the coordination geometry around Zn(II) is best described as distorted 

square based pyramidal geometry [17].    

The deviations from the least-square plane through the O1, N1, N2 and Br2 

atoms comprising the square plane are 0.3697, 0.5336, -0.6794 and -0.0054 Å, 

respectively, and the Zn1 atom is deviated by 0.8335 Å in the direction of the 

Br1 atom.  Ring puckering analysis and least square plane calculations show 

that the rings Cg(1) comprising of atoms Zn1, O1, C12, N3 and N2 and Cg(2) 

comprising of atoms Zn1, N1, C5, C6 and N2 adopt a twisted conformation 

Cg(1) on N2–Zn1 and Cg(2) on C5–C6 [18].  In the crystal packing four 

molecules are present and two of them are complementary to each other 

(Figure 3.2).  In the unit cell π–π, C–H···π and hydrogen bonding interactions 

were observed.  The π–π interaction is perceived at 4.0873 Å for Cg(1)–Cg(1)a 

[Cg(1) = Zn1–O1–C12–N3–N2; a = 1–x, 1–y, 1–z].  Only one C–H···π 

interaction is shown in the unit cell and that is between C(8)–H(8)···Cg(5)b 

[Cg(5) = C(13)–C(14)–(15)–C(16)–C(17)–C(18); dH---Cg = 2.95 Å; b = 1–x, 1–y, 

1–z].  One intra- and one intermolecular hydrogen bonding interactions were 

observed, i.e., N3(H) and N4 of the same molecule and N5(H) of one with Br2 

of the other molecule [N(3)–H(3N)···N(4), D–H = 0.80(3) Å, H···A = 2.04(3)Å, 

D···A = 2.669(4) Å, D–H···A = 135(3)º; N(5)–H(5N) ···Br(2)c, D–H=0.70(3)Å, 

H···A = 2.68(3) Å, D···A = 3.374(3) Å, D–H···A = 170(3)º, c = 1–x, 1–y, 1–z].   
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Figure 3.2. Partial unit cell packing diagram for the compound 1 with 

intra- and intermolecular hydrogen bonding interactions 
shown as dotted lines. 

 

Figures 3.3 and 3.4 show the molecular structures of compounds 5 and 6 

along with the atom numbering schemes.  The compound 5 crystallizes in 

the monoclinic space group P21/n, while compound 6 in the orthorhombic 

space group P212121.  In both the compounds, Zn atom is six coordinate in 

which both ligands are coordinated in their anion forms via the pyridine 

nitrogen, azomethine nitrogen and enolate oxygen atoms.  The ligands with 

their donor atoms are arranged around the zinc ion in a meridional fashion 

and both compounds are polymorphic.  In compound 5, atoms O1, O2, N1 

and N6 lie in the equatorial plane and N2 and N7 occupy the axial 

positions, while in compound 6, atoms O1, O2, N1 and N6 lie in the 

equatorial plane, N2 and N7 occupy the axial positions of the distorted 

octahedron.  In both compounds 5 and 6, the atoms Zn1, O1, O2, N1, N6 do 

not deviate significantly from the least square plane [0.0034 Å for 5 and 

0.0015 Å for 6].  Each semicarbazone fragments {(O1 and N1, O2 and     



Chapter-3 

                 Department of Applied Chemistry, CUSAT 48  

N6 for 5); (O1 and N1, O2 and N6 for 6)} are coordinated to the Zn centre 

with an angle of 150.95(6), 151.03(6)º and 151.17(11), 151.42(11)º 

respectively, for 5 and 6, having large distortion from ideal octahedron 

(180º).  The planes containing Zn1, O1, N1, N2, N7 (plane 1) and Zn1, O2, 

N2, N6, N7 (plane 2) are deviated from the central metal atom (Zn1) by 

0.0837 and 0.0248 Å, respectively, in compound 5, similarly in compound 

6, the planes containing Zn1, O2, N7, N6, N2 (plane 3) and Zn1, O1, N2, 

N1, N7 (plane 4) are deviated from the central metal atom (Zn1) by 0.0314 

and 0.0610 Å, respectively.  The dihedral angle formed by the planes 1 and 

2 is 85.81 (0.04)º for compound 5 and by the planes 3 and 4 in compound 6 

is 85.69 (0.08)º, consistent with a nearly 90º octahedral angle.  The selected 

bond lengths and bond angles are given in Table 3.3.   

 
Figure 3.3. Molecular structure of [ZnL1

2] (5). 
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Figure 3.4. Molecular structure of [ZnL1

2]·0.3H2O (6). 

In compound 5, when viewed along a axis, the molecules are 

arranged in an opposite manner and are interconnected through N5(H) and 

N3 of the same molecule with N8 and N10(H) of the nearby molecule, 

respectively (Figure 3.5) [D–H···A, N(5)–H(5)···N(8)d; D–H = 0.84(3) Å; 

H···A = 2.13(3) Å; D···A = 2.961(2) Å; D–H···A = 170.(2)º; Symmetry 

code, d = ½-x, ½+y, 3/2-z; D–H···A, N(10)–H(10)···N(3)e; D–H = 0.83(2)Å; 

H···A = 2.21(2) Å; D···A = 3.023(2) Å; D–H···A = 170.(2)º; Symmetry code, 

e = ½-x, -1/2+y, 3/2-z].  Intramolecular hydrogen bonding interactions were 

also observed i.e., C4(H) with N4 and C8(H) with N3 and C14(H) with O1 

[D–H···A, C(4)–H(4)···N(4); D–H = 0.93 Å; H···A = 2.42 Å; D···A = 2.984(3) 

Å; D–H···A = 119º; D–H···A, C(8)–H(8)···N(3); D–H = 0.93 Å; H···A = 2.56 

Å; D···A = 2.940(3) Å; D–H···A = 105º; D–H···A, C(14)–H(14)···O(1); D–H = 0.93 

Å; H···A = 2.32 Å; D···A = 2.901(3) Å; D–H···A = 120º].   
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  Table 3.3. Selected bond lengths (Å) and bond angles (º) for 
[Zn(HL1)Br2] (1), [ZnL1

2] (5) and [ZnL1
2]·0.3H2O (6) 

 

          1           5           6 
 Bond lengths  

Zn1–N2 
Zn1–N1 
Zn1–O1 
Zn1–Br1 
Zn1–Br2 
O1–C12 
N1–C1 
N1–C5 
N2–C6 
N2–N3 
N3–C12 
 

2.130(3) 
2.154(3) 
2.243(2) 
2.3561(5) 
2.4026(6) 
1.233(3) 
1.328(4) 
1.345(4) 
1.287(4) 
1.355(4) 
1.369(4) 
 

Zn1–N7 
Zn1–N2 
Zn1–O1 
Zn1–O2 
Zn1–N1 
Zn1–N6 
O1–C12 
O2–C30 
N5–C12 
N5–C13 
N3–N2 
 

2.0716(17) 
2.0851(17) 
2.0950(14) 
2.1234(13) 
2.1499(17) 
2.2047(16) 
1.257(2) 
1.257(2) 
1.363(3) 
1.403(3) 
1.352(2) 
 

Zn1–N2 
Zn1–N7 
Zn1–O1 
Zn1–O2 
Zn1–N1 
Zn1–N6 
O1–C12 
O2–C30 
N1–C1 
N1–C5 
N2–C6 
N2–N3 

2.073(3) 
2.077(3) 
2.097(3) 
2.099(3) 
2.155(3) 
2.221(3) 
1.252(4) 
1.256(4) 
1.339(4) 
1.352(5) 
1.296(5) 
1.347(4) 

 Bond angles  

N2–Zn1–N1 
N2–Zn1–O1 
N1–Zn1–O1 
N2–Zn1–Br1 
N1–Zn1–Br1 
O1–Zn1–Br1 
N2–Zn1–Br2 
N1–Zn1–Br2 
O1–Zn1–Br2 
Br1–Zn1–Br2 
C12–O1–Zn1 

73.88(10) 
72.60(9) 
146.06(9) 
129.81(8) 
99.40(7) 
97.86(6) 
114.29(8) 
101.82(8) 
96.60(6) 
115.75(2) 
114.11(19) 

N7–Zn1–N2 
N7–Zn1–O1 
N2–Zn1–O1 
N7–Zn1–O2 
N2–Zn1–O2 
O1–Zn1–O2 
N7–Zn1–N1 
N2–Zn1–N1 
O1–Zn1–N1 
O2–Zn1–N1 
N7–Zn1–N6 
N2–Zn1–N6 
O1–Zn1–N6 
O2–Zn1–N6 
N1–Zn1–N6 
C12–O1–Zn1 

165.27(6) 
109.11(6) 
76.14(6) 
76.17(6) 
118.01(6) 
91.14(5) 
99.93(6) 
75.49(6) 
150.95(6) 
96.65(6) 
74.92(6) 
90.96(6) 
96.57(6) 
151.03(6) 
90.05(6) 
111.16(13) 

N2–Zn1–N7 
N2–Zn1–O1 
N7–Zn1–O1 
N2–Zn1–O2 
N7–Zn1–O2 
O1–Zn1–O2 
N2–Zn1–N1 
N7–Zn1–N1 
O1–Zn1–N1 
O2–Zn1–N1 
N2–Zn1–N6 
N7–Zn1–N6 
O1–Zn1–N6 
O2–Zn1–N6 
N1–Zn1–N6 
C12–O1–Zn1 

167.20(14) 
76.08(11) 
109.42(11) 
115.77(12) 
76.30(12) 
90.11(10) 
75.84(12) 
99.40(12) 
151.17(11) 
96.25(11) 
92.80(13) 
75.15(13) 
98.13(11) 
151.42(11) 
89.61(11) 
110.7(3) 
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In compound 6, two intermolecular hydrogen bonding interactions are 

observed i.e., N5(H) and N3 of the same molecule with N8 and N10(H) of 

the next molecule which are arranged in an opposite manner (Figure 3.6) 

[D–H···A, N(5)–H(5)···N(8)f; D–H = 0.84(3) Å; H···A = 2.15(3) Å;                

D···A = 2.992(5) Å; D–H···A = 179(5)º ; Symmetry code, f = 1-x, ½+y, ½-z;            

D–H···A, N(10)–H(10)···N(3)g; D–H = 0.84(3) Å; H···A = 2.18(3) Å; D···A 

= 3.018(5) Å; D–H···A = 176(3)º; Symmetry code, g = 1-x, -1/2+y, ½-z]. 

Intramolecular hydrogen bonding interactions were also observed i.e., 

C4(H) with N4 and C14(H) with O1 and C22(H) with N9 [D–H···A,               

C(4)–H(4)···N(4); D–H = 0.95 Å; H···A = 2.45 Å; D···A = 3.041(6) Å; D–

H···A = 120º; D–H···A, C(14)–H(14)···O(1); D–H = 0.95 Å; H···A = 2.36 Å; 

D···A = 2.921(5) Å; D–H···A = 118º; D–H···A, C(22)–H(22)···N(9);            

D–H = 0.95 Å; H···A = 2.61 Å; D···A = 3.026(5) Å; D–H···A = 107º] (Table 3.4).     

 
Figure 3.5. Partial unit cell packing diagram for the compound 5 with 

intermolecular hydrogen bonding interactions shown as 
dotted lines. 
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Figure 3.6. Intermolecular hydrogen bonding interactions of compound 6. 

 
 

3.3.2. Infrared spectra  

The infrared spectra of the free semicarbazones when compared with 

those of the complexes confirm the coordination of the semicarbazone to the 

metal.  The significant bands observed in the IR spectra of semicarbazones 

and their complexes with the tentative assignments are presented in        

Table 3.5.  The va(NH) vibrations of the imino group are observed at 3369 

cm-1 in the IR spectrum of HL1.  The lack of an N–H stretching vibrations in 

the spectra of the complexes 3-6 endorses the ligand coordination to zinc(II) 

ion in the deprotonated enolate form.   
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Table 3.4. Interaction parameters of the compounds [Zn(HL1)Br2] (1), 
[Zn(L1)2] (5) and [Zn(L1)2]·0.3H2O (6) 

 
 

π···π interactions  
Cg(I)···Cg(J) Cg–Cg (Å) α °  β ° 
Cg(1)···Cg(1)a 4.0874 0.02 31.75 
Eqivalent position codes : a=1-x,1-y,1-z 
Cg(1)= Zn(1), O(1), C(12), N(3), N(2) 
C–H···π interactions 
X–H···Cg(J) H···Cg (Å)    X–H···Cg (˚)     X···Cg (Å) 
C(8)–H(8)···Cg(5)b    2.95     118                3.447(4) 
Equivalent position codes : b = 1-x,1-y,1-z 
Cg(1)= C(13), C(14), C(15), C(16), C(17), C(18) 
 

H bonding 
D–H···A D–H (Å) H···A (Å) D···A (Å) D–H···A (˚) 
[Zn(HL)Br2] (1)     
N(3)–H(3N)···N(4) 0.80(3) 2.04(3) 2.669(4)   135(3) 
N(5)–H(5N)···Br(2)c 0.70(3)    2.68(3) 3.374(3)   170(3) 
[Zn(L)2] (5)     
N(5)–H(5N)···N(8)d 0.84(3)   2.13(3) 2.961(2) 170(2) 
N(10)–H(10N)···N(3)e 0.83(2) 2.21(2) 3.023(2)   170(2) 
C(4)–H(4)···N(4)   0.93 2.42 2.984(3) 119 
C(8)–H(8)···N(3) 0.93   2.56 2.940(3) 105 
C(14)–H(14)···O(1) 0.93 2.32 2.901(3) 120 
[Zn(L)2]·0.3H2O (6)     
N(5)–H(5N)···N(8)f 0.84(3) 2.15(3)    2.992(5)    179(5) 
N(10)–H(10N)···N(3)g 0.84(3)   2.18(3) 3.018(5) 176(3) 
C(4)–H(4)···N(4) 0.95 2.45 3.041(6)    120 
C(14)–H(14)···O(1) 0.95      2.36 2.921(5)   118 
C(22)–H(22)···N(9) 0.95      2.61 3.026(5)   107 

Equivalent position codes :c = 1-x,1-y,1-z 
d = 1/2-x, 1/2+y, 3/2-z ; e =  1/2-x, -1/2+y, 3/2-z; f = 1-x, 1/2+y, 1/2-z; g = 1-x, -1/2+y, 1/2-z 
D=Donor, A=acceptor, Cg=Centroid, α=dihedral angles between planes I & J, 
β= angle between Cg-Cg and Cg(J) perp. 
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However in the complexes 1 and 2, the presence of bands at 3239 and 

3369 cm-1, corresponding to v(NH) vibrations, indicates that the 

semicarbazone is coordinated in the neutral form.  A strong band at 1591 cm-1 

in the IR spectrum of HL1 corresponds to v(C=N) band which suffers shift to 

1552-1570 cm-1 for the compounds 1-6 upon complexation. In the compounds 

3-6, the appearance of new bands at 1592-1598 cm-1 assigned to newly 

formed C=N bond as a result of enolization.  But this band is absent in the 

complexes 1 and 2 which again confirms the coordination of the 

semicarbazone in the neutral form in these complexes. Coordination of 

azomethine nitrogen atom is also consistent with the presence of bands in the 

region 502-520 cm-1, assignable to v(Zn–Nazo) for these complexes [19-21].  

A band at 1718 cm-1 in the semicarbazone has significant contribution from 

C=O stretching vibration and it is shifted to 1667 cm-1 in complexes 1 and 

1661 cm-1 in 2 confirming keto form of HL1 in these complexes.  In 

complexes 1-6, the bands at 404-420 cm-1 are assignable to v(Zn–O), 

consistent with keto/enol oxygen coordination.  The spectra of the 

complexes exhibit a systematic shift in the position of v(N–N) bands in the 

region 1129-1229 cm-1.  A medium band around 601 cm-1 indicates out-of-

plane pyridyl ring vibration in uncomplexed semicarbazone, shifts to higher 

frequencies on complexation which confirms the coordination of ligand to 

metal via pyridine nitrogen [22-25].  Compound [ZnL1N3] (4) exhibits 

strong bands at 2076 and 1302 cm-1 corresponding to the asymmetric and 

symmetric stretching of the coordinating azido group.  For the complex 

[ZnL1(OAc)] (3), the asymmetric and symmetric stretching vibrations of 

the acetate group appear at 1562 and 1433 cm-1.  The presence of a band at 

3440 cm-1 for [ZnL1
2]·0.3H2O (6) indicates the presence of the H2O 

molecule.  
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In the IR spectrum of the semicarbazone, HL2 the band at 1702 cm-1 is 

assigned to v(C=O), which is absent in the complexes [ZnL2(OAc)]·5H2O (7) 

and [ZnL2N3]·2H2O (8). This indicates that in these complexes the 

semicarbazone, HL2 is coordinated through enolate oxygen atom.  This is 

further corroborated with the absence of v(N–H) bands in the complexes 7 

and 8, which appeared at 3380 cm-1 for the semicarbazone, HL2.  The 

coordination through enolate oxygen atom is again confirmed by the 

appearance of bands which are assignable to v(Zn–O), at 405 and 408 cm-1 

respectively for the complexes 7 and 8.  The band at 1592 cm-1 due to 

v(C=N) of the semicarbazone moiety shifts to 1518 cm-1 upon complexation.  

This confirms the coordination via azomethine nitrogen.  Coordination of 

azomethine nitrogen is also consistent with the presence of bands at 510 and 

504 cm-1, assignable to v(Zn–Nazo) for the complexes 7 and 8 respectively.  

In the spectra of the complexes 7 and 8, the bands corresponding to the 

newly formed C=N bond due to the enolization of the semicarbazone are 

observed at 1595 and 1597 cm-1 respectively.  In these complexes the v(N–N) 

frequency shifts from 1150 cm-1 to 1132 and 1166 cm-1 respectively and 

these bands confirm the enolization and the subsequent deprotonation of the 

semicarbazone during complexation.  For the complex [ZnL2(OAc)]·5H2O 

(7), the asymmetric and symmetric stretching vibrations of the acetate group 

appear at 1566 and 1434 cm-1.  Compound [ZnL2N3]·2H2O (8) exhibits 

strong bands at 2075 and 1300 cm-1 corresponding to the asymmetric and 

symmetric stretching of the coordinating azido group. IR spectra of 

complexes are presented in Figures 3.7-3.12. 
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Figure 3.7. IR spectrum of the compound [Zn(HL1)Br2] (1). 

 

 
Figure 3.8. IR spectrum of the compound [Zn(HL1)Cl2] (2). 
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Figure 3.9. IR spectrum of the compound [ZnL1(OAc)] (3). 

 

 
Figure 3.10. IR spectrum of the compound [ZnL1N3] (4). 
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Figure 3.11. IR spectrum of the compound [ZnL2(OAc)] (7). 

 

 
Figure 3.12. IR spectrum of the compound [ZnL2N3] (8). 
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3.3.3. Electronic spectra 

The electronic spectral data of zinc(II) complexes are given in Table 

3.6 and selected spectra are given in Figures 3.13-3.18.  The semicarbazone 

HL1, has an absorption at 36300 cm-1 due to π-π* transitions of the pyridyl 

ring and imine function of the semicarbazone moiety.  Another band at 

31160 cm-1 for HL1 corresponding to n-π* transition of the amide function.  

These intra-ligand transitions are shifted in the range 31490-31940 cm-1 for 

the complexes 1-6 and this shift on complexation indicates coordination via 

the pyridyl nitrogen with a reduction in intensity [26].  The shift of the 

intra-ligand transitions is also a result of C=O bond being weakened and 

conjugation system being enhanced after the formation of the complex.  In 

the electronic spectra of complexes 1-6, the metal-ligand CT bands are found 

in the range 24090-24220 cm-1. 

The semicarbazone HL2 has absorption bands at 36940 and        

32200-28770 cm-1 attributable to the π-π* and n-π* transitions respectively of 

the azomethine group.  The energy of these bands is shifted on complexation.  

The shift shows the donation of the lone pair of electrons to the metal by the 

coordination of azomethine nitrogen.  New bands at 25290 and 25130 cm-1 are 

observed in the spectra of the complexes 7 and 8 respectively.  These new 

bands are assigned to Zn(II)→O charge-transfer band.  The appearance of 

Zn(II)→O charge-transfer band in the electronic spectra of Zn(II) complexes is 

a strong evidence for the coordination of the semicarbazone through keto 

oxygen atom.  No appreciable absorption is observed below 20000 cm-1 in 

DMF solution which is in accordance with the d10 electronic configuration of 

Zn(II) ion.   
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Table 3.6.  Electronic spectral assignments for the semicarbazones and 
their zinc(II) complexes 

 
         Compound                                  Absorbance, λmax (cm-1) 

HL1                                                                 36300, 31160 

[Zn(HL1)Br2] (1)                       31940, 24220 

[Zn(HL1)Cl2] (2)                  31490, 24190 

[ZnL1(OAc)] (3)                    31650, 24170 

[ZnL1N3] (4)                           31860, 24090 

[ZnL1
2] (5)                         31880, 24120 

[ZnL1
2] ·0.3H2O (6)          31880, 24130 

HL2                                                     36940, 32200, 31300, 29900, 28770 

[ZnL2(OAc)] (7)               33080, 25290 

[ZnL2N3] (8)                      32510, 25130 
 

 
Figure 3.13. Electronic spectrum of the compound [Zn(HL1)Br2] (1). 
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Figure 3.14. Electronic spectrum of the compound [Zn(HL1)Cl2] (2). 

   
Figure 3.15. Electronic spectrum of the compound [ZnL1(OAc)] (3). 
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Figure 3.16. Electronic spectrum of the compound [ZnL1N3] (4). 

 

     
Figure 3.17. Electronic spectrum of the compound [ZnL2(OAc)] (7). 
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Figure 3.18. Electronic spectrum of the compound [ZnL2N3] (8). 
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                                                                        Chapter  4 

SYNTHESIS, SPECTRAL STUDIES AND STRUCTURES 
OF Cd(II) COMPLEXES OF N4-SUBSTITUTED 

SEMICARBAZONES  
 

 

 

 4.1 Introduction 

 4.2 Experimental 

 4.3 Results and discussion  
 

 

 

4.1. Introduction 

Cadmium is a relatively abundant element.  It was discovered in 1817 by 

Fredrich Stromeyer as an impurity in zinc carbonate.  The metal was named after 

the Latin word for calamine, since the metal was found in this zinc compound.  

Cadmium containing ores are rare and are found to occur in small quantities.  

However, traces do naturally occur in phosphate, and have been shown to 

transmit in food through fertilizer application [1].  Gadreenockite (CdS), the 

only cadmium mineral of importance, is nearly associated with sphalerite (ZnS).  

As a consequence, cadmium is produced mainly as a byproduct from mining, 

smelting and refining sulfide ores of zinc, and, to a lesser degree, lead and 

copper.  Small amounts of cadmium, about 10% of consumption, are produced 

from secondary sources, mainly from dust generated by recycling iron and steel 

scrap.  Production in the United States began in 1907, but it was not until after 

World War I that cadmium came into wide use.  One place where metallic 

cadmium can be found is the Vilyuy River basin in Siberia [2].   

C
on

te
n

ts
 



Chapter -4 

                 Department of Applied Chemistry, CUSAT 68  

At one time an important commercial use of cadmium was as an 

electrodeposited coating on iron and steel for corrosion protection.  Nickel-

cadmium batteries are the second-largest application, with pigment and 

chemical uses third. Sizable amounts are used in low-melting-point alloys, 

similar to Wood's metal, and in automatic fire sprinklers, and relatively smaller 

uses are in brazing alloys, solders, and bearings. Cadmium compounds are 

used as stabilizers in plastics and the production of cadmium phosphors.  

Because of its great neutron-absorbing capacity, especially the isotope 113, 

cadmium is used in control rods and shielding for nuclear reactors. 

Cadmium element has a d10s2 electronic arrangement and it typically 

forms M2+ ions and many of its compounds are appreciably covalent.  The 

most stable form of cadmium is Cd2+. Cadmium(II) complexes have 

tetrahedral, square pyramidal, trigonal bipyramidal and octahedral geometries.  

There is substantial interest in the coordination chemistry of cadmium 

complexes because of the toxic environmental impact of cadmium.  The 

mobilization and immobilization of cadmium in the environment, in organisms, 

and in some technical processes (such as in ligand exchange chromatography) 

have been shown to depend significantly on the complexation of the metal center 

by chelating nitrogen donor ligands [3].  Cadmium is well known to form 

complexes with acetates and carboxy-ligands to yield both charged and 

neutral compounds [4].  The possibility of forming structures with higher 

coordination numbers has resulted in the observation of unusual coordination 

geometries about the metal atom and the formation of polymeric species [5].  

Cd2+ forms most stable complexes with soft donor atoms (S>>N >O).  

Generally the stability of the complexes increases with the number of 

coordination groups contributed by the ligand.  It has also been reported that 

some cadmium complexes of thiosemicarbazones can show quite large SHG 

efficiency [6].   
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This chapter describes the synthesis and characterization of six cadmium 

complexes of N4-substituted semicarbazones using infrared, electronic and X-

ray diffraction studies. 

4.2. Experimental 
4.2.1. Materials 

The syntheses of the semicarbazones, HL1 and HL2 have been described 

already in Chapter 2.  Cadmium(II) bromide tetrahydrate, cadmium(II) acetate 

dihydrate, cadmium(II) chloride and sodium azide were commercial products 

of higher grade (Aldrich).  The reagents used were of Analar grade and used 

without further purification.   

4.2.2. Synthesis of complexes 
[CdL1(OAc)]2·2CH3OH (9) 

A methanolic solution of HL1 (0.317 g, 1 mmol) and Cd(CH3COO)2·2H2O 

(0.266 g, 1 mmol) were mixed and heated under reflux for 5 h. On slow 

evaporation, yellow crystals were obtained, which were separated, washed with 

ether and dried over P4O10 in vacuo.  

Yield ~0.25 g. 

[Cd(HL1)Br2] (10) 

A methanolic solution of HL1 (0.317 g, 1 mmol) and CdBr2·4H2O (0.344 g, 

1 mmol) were mixed and heated under reflux for 5 h.  On slow evaporation, 

yellow colored solid was resulted which was separated, washed with ether and 

dried over P4O10 in vacuo.  

Yield ~0.49 g. 

[Cd2L1
2(N3)2]·H2O (11) 

A methanolic solution of HL1 (0.317 g, 1 mmol) and Cd(CH3COO)2·2H2O 

(0.266 g, 1 mmol) were mixed and heated under reflux for 2 h and then added 

methanolic solution of NaN3 (0.065 g, 1 mmol).  The resulting mixture was 
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refluxed for 4 h.  On slow evaporation yellow colored solid formed was 

separated, washed with ether and dried over P4O10 in vacuo.  

Yield ~0.35 g. 

[Cd(HL2)(OAc)2]·4/3H2O (12) 

A solution of the semicarbazone, HL2 (0.290 g, 1 mmol) in DMF was 

mixed with a methanolic solution of cadmium(II) acetate dihydrate (0.266 g,       

1 mmol) and the mixture was heated under reflux for 4 h and cooled.  The 

complex separated was filtered, washed thoroughly with ether and dried over 

P4O10 in vacuo.   

Yield ~0.30 g. 

[Cd(HL2)Cl2] (13) 

A solution of semicarbazone, HL2 (0.290 g, 1 mmol) in DMF was 

treated with a methanolic solution of cadmium(II) chloride (0.183 g, 1 mmol).  

The solution was heated under reflux for 4 h.  The resulting solution was 

allowed to stand at room temperature and after slow evaporation yellow 

crystals separated out, which were collected, washed with ether and dried over 

P4O10 in vacuo.  

Yield ~0.32 g. 

[Cd(HL2)Br2]·DMF (14) 

A solution of semicarbazone, HL2 (0.290 g, 1 mmol) in DMF was 

treated with a methanolic solution of cadmium(II) bromide tetrahydrate (0.344 g, 

1 mmol).  The solution was heated under reflux for 4 h.  The resulting solution 

was allowed to stand at room temperature and after slow evaporation yellow 

crystals separated out, which were collected, washed with ether and dried over 

P4O10 in vacuo.  

Yield ~0.30 g. 
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4.2.3. Analytical methods 

Elemental analyses were carried out using a Vario EL III CHNS analyzer 

at the SAIF, Kochi, India.  Infrared spectra were recorded on a Thermo Nicolet 

AVATAR 370 DTGS FTIR Spectrometer in the range 4000-400 cm-1 using KBr 

pellets at SAIF, Cochin University of Science and Technology, Kochi 22, 

India.  Electronic spectra were recorded on a Cary 5000 version 1.09 UV-VIS- 

NIR Spectrophotometer using solutions in DMF.  The 1H and 13C NMR 

spectra were not recorded due to insolubility of complexes in the solvents. 

4.2.4. X-ray crystallography 

Single crystals of compound 9 suitable for X-ray analysis were 

obtained from its methanolic solution and were found to be orthorhombic 

space group ‘pbca’.  Single crystals of compounds 13 and 14 were obtained 

from a solution of mixture of methanol and DMF.  The crystals of 

compounds 13 and 14 were found to be triclinic and monoclinic space 

groups P1 and P21/c respectively.  X-ray diffraction measurements were 

carried out on CrysAlis CCD diffractometer with graphite-monochromated 

Mo Kα (λ = 0.71073 Å) radiation.  The program CrysAlis RED was used 

for data reduction and cell refinement [7].  The structures were solved by 

direct methods using SHELXS [8] and refined by full-matrix least-squares 

refinement on F2 using SHELXL [9].  The N–H hydrogen atoms were 

located from difference Fourier maps and refined isotropically. The 

remainder of the H-atoms were included in calculated positions and refined 

as riding atoms using default SHELXL parameters.  The structures of the 

compounds 9, 13 and 14 were plotted using the program DIAMOND 

version 3.1d [10] and PLATON [11].  The crystallographic data along with 

the structural refinements are given in Table 4.1.    
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4.3. Results and discussion  

The analytical data of all the complexes are given in Table 4.2.  

Compounds 9, 10, 12, 13 and 14 were prepared by direct reaction between the 

semicarbazones and the corresponding cadmium(II) salts, while the compound 

11 was prepared by the replacement of the acetate in Cd(CH3COO)2·2H2O by 

the azide ion.  Elemental analyses data of all the complexes reveal that metal-

ligand are in the ratio 1:1 and in the complexes 10, 12, 13 and 14 

semicarbazone interacts with Cd(II) ion in neutral keto form.  In complexes 9 

and 11 the metal, ligand and anion are present in the molar ratio 1:1:1 whereas, 

in other complexes this molar ratio is 1:1:2. 

Table 4.2. Analytical data 

Found (Calcd) % Compound Color 
C H N 

[CdL1(CH3COO)]2·2CH3OH (9) 
 

Yellow 48.16 
(48.52) 

3.97  
(4.07) 

13.30 
(13.47) 

[Cd(HL1)Br2] (10) 
 

Yellow 36.69 
(36.67) 

2.64  
(2.56) 

12.45 
(11.88) 

[CdL1N3]2 (11) 
 

Yellow  44.46 
(45.06) 

3.05  
(3.15) 

23.98 
(23.36) 

[Cd(HL2)(OAc)2]·4/3H2O (12) Yellow 46.10 
(45.46) 

4.06  
(3.58) 

10.49 
(10.52) 

[Cd(HL2)Cl2] (13) 
 

Yellow 42.93 
(43.11) 

3.39  
(2.98) 

11.78 
(11.83) 

[Cd(HL2)Br2]·DMF (14) Yellow 37.43 
(37.79) 

2.94  
(3.33) 

11.10 
(11.02) 

 

4.3.1. Crystal structures of [CdL1(OAc)]2·2CH3OH (9), [Cd(HL2)Cl2] 
(13) and [Cd(HL2)Br2]·DMF (14) 

 

Figure 4.1 shows the molecular structure of the binuclear 

centrosymmetric Cd(II) complex with the atom numbering scheme.  Both Cd 

centres being hexacoordinated and the coordination around the Cd(II) ion can 
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be best described as a distorted octahedron with a CdO3N3 chromophore.  Each 

Cd atom is coordinated by azomethine nitrogen, oxygen atom from the 

principal ligand, two pyridyl nitrogens and two oxygen atoms from the acetate 

group.  The acetate groups serve as bidentate ligands and the semicarbazones 

as tetradentate ligands.  The two pyridyl nitrogens from the principal ligand are 

coordinated to two different Cd centres forming cyclic type architecture 

(Figure 4.2).  The coordination of oxygen from the semicarbazone ligand 

occurs through deprotonation after enolization, confirmed by the partial single 

and double bond nature of C7–O1 [1.350(4) Å] and N3–C7 [1.368(4) Å] bond 

lengths [12,13].  The C6–N2 and N2–N3 bond distances are 1.257(4) Å and 

1.338(3) Å respectively, which reveal extensive delocalization over the entire 

binuclear coordination framework.  Table 4.3 shows the selected bond lengths 

and bond angles of the compound 9.   

 
Figure 4.1. Structure and labeling diagram for compound 9 (hydrogen 

atoms and methanol molecule are omitted for clarity). 
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Figure 4.2. Cyclic formation through cadmium centers. 

 

 

Table 4.3. Selected bond lengths (Å) and bond angles ( º ) of compound 9 

  Bond lengths                Bond angles 

Cd(1)–N(5) 
Cd(1)–N(1) 
Cd(1)–O(1) 
Cd(1)–O(3) 
Cd(1)–N(2) 
O(1)–C(7) 
N(1)–C(1) 
N(1)–C(5) 
N(2)–C(6) 
N(2)–N(3) 
N(3)–C(7) 
N(4)–C(8) 
N(4)–C(7) 
N(4)–H(4N) 
Cd1···Cd1’ 

2.155(3) 
2.168(3) 
2.249(2) 
2.434(2) 
2.515(3) 
1.350(4) 
1.349(4) 
1.479(4) 
1.257(4) 
1.338(3) 
1.368(4) 
1.326(4) 
1.354(4) 
0.85(3) 
5.4181(4) 

N(5)–Cd(1)–N(1) 
N(5)–Cd(1)–O(1) 
N(1)–Cd(1)–O(1) 
N(5)–Cd(1)–O(3) 
N(1)–Cd(1)–O(3) 
N(5)–Cd(1)–N(2) 
O(3)–Cd(1)–N(2) 
C(7)–O(1)–Cd(1) 
C(1)–N(1)–C(5) 
C(6)–N(2)–N(3) 
C(6)–N(2)–Cd(1) 
N(3)–N(2)–Cd(1) 
N(2)–N(3)–C(7) 
O(1)–C(7)–N(3) 

116.23(9) 
92.67(9) 
132.65(9) 
107.15(9) 
116.82(9) 
119.45(9) 
123.35(8) 
119.56(18) 
125.7(3) 
113.1(3) 
120.7(2) 
126.16(19) 
100.2(3) 
130.7(3) 

 

In the case of this Cd-semicarbazone complex, Cd–O bond distances are 

Cd1–O1, 2.249(2) Å; Cd1–O2, 2.7666 Å; Cd1–O3, 2.434(2) Å and Cd–N 

bond distances are Cd1–N1, 2.168(3) Å; Cd1–N2, 2.515(3) Å and Cd1–N5, 

2.155(3) Å respectively.  The Cd1–O1 bond distance is slightly less than the 
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other Cd–O bond distances reported for other octahedral Cd(II) complexes 

[14,15].  The Cd1–O2 and Cd1–O3 bond distances lie within the range of Cd–

Ocarboxylate bond distances [2.209(2) – 2.879(2) Å] reported for Cd(II)–Ocarboxylate 

coordination polymers [16].  The Cd1–N2 bond distance is slightly larger than the 

other Cd–N bond distances, which supports the lack of significant out-of-plane π-

bonding.  The trans angle, O2–Cd1–N2 is 155.84(8)° indicating that the 

compound 9 has large distortion from octahedral geometry [17]. Other 

indication of distorted octahedral geometry is the bond angle of O1–Cd1–O3, 

85.51(8)°.  The Cd1···Cd1 distance is 5.4181(4) Å.   

The unit cell packing diagram of the complex 9 viewed along the b axis is 

given in Figure 4.3.  It can be observed that the molecules are packed in a zig-

zag manner.  Ring puckering analysis show that the ring Cg(3) consisting of 

atoms Cd1–N1–C5–C6–N2 adopts an envelope on Cd1 [QT =0.1086(22) Å,                 

φ= 358.0622(15702)°] [18].  The diverse π–π stacking and C–H···π interactions 

give rise to polymeric chains in the unit cell.  The shortest π–π interactions (Table 

4.5) are perceived at 3.1992 Å for Cg(2)ּּּCg(3)a [Cg(2) = Cd1–O1–C7–N3–N2;         

a = –x, –y, 2–z].  Two C–H···π interactions are present in the unit cell.  They are 

C(11)–H(11)···Cg(2)b [dH---Cg = 2.94 Å; b = –1/2+x, y, 3/2–z] and C(21)–

H(21)···Cg(5)c [dH---Cg = 2.93 Å; c = x, 1/2–y, –1/2+z].  The π-π, C–H···π and 

hydrogen bonding interactions contribute stability to the unit cell packing.   

The molecules in the unit cell are connected through intermolecular 

hydrogen bonding interactions involving the oxygen atom of the methanol 

molecule [O(4)─H(4) ···O(3); O(4)─H(4), 0.81(4) Å; O(4)···O(3), 2.726(4) Å; 

H(4)···O(3), 1.92(4) Å; O(4)─H(4)···O3, 174(3)° and N(4)−H(4)···O(4)d              

[d = –x, –1/2+y, 3/2–z]; N(4)−H(4), 0.85(3) Å; N(4)···O(4), 3.132(4) Å; 

H(4)···O(4), 2.30(3) Å; N(4)−H(4)···O(4), 166(3)°] (Figure 4.4).  
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Figure 4.3. Unit cell packing diagram of compound 9. 

 
  Figure 4.4. Intermolecular hydrogen bonding interactions through methanol 

molecule of compound 9. 
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The compound 13 crystallizes in the triclinic space group P1 whereas 

the compound 14 crystallizes in the monoclinic space group P21/c.  Figures 4.5 

and 4.6 show the molecular structures of the Cd(II) complexes, 13 and 14 

with atom numbering scheme.  Cd atoms in these compounds are 

coordinated by azomethine nitrogen (N2), quinolyl nitrogen (N1), ketoxy 

oxygen (O1) and two anionic ligands.  In both compounds, 13 and 14, the 

Cd atom is pentacoordinated in which both ligands are coordinated in their 

neutral keto forms.  The chloride/bromide ions serve as bidentate and the 

semicarbazones as tridentate ligands.  In compound 13, the bond distances 

to Cd are in the order Cd–N(azo)< Cd–N(quinolyl)< Cd–Cl1< Cd–O(ketoxy)< Cd–

Cl2, where as in compound 14, Cd–N(azo)< Cd–N(quinolyl)< Cd–O(ketoxy)< Cd–

Br1< Cd–Br2.  The bond length Cd–N(azo) of compound 13 and 14 are 

2.295(14) and 2.326(2) Å respectively, which is less than the other Cd–

N(azo) bond distances reported earlier whereas, the Cd–O(ketoxy) bond lengths 

of compounds 13 and 14 are 2.432(11) and 2.461(19) Å respectively, which 

are larger than the other reported Cd–O(ketoxy) bond distances [19].  This 

indicates stronger coordination of azomethine nitrogen atom in the 

compounds 13 and 14 [20].  The Cd–N(azo) bond distance in both 

compounds is slightly less than the other Cd–N distance, which supports 

the significant out-of-plane π-bonding.  The Cd–Cl bond distances are 

2.404(6) and 2.454(6) Å, but there is a difference of 0.05 Å between the 

Cd–Cl bonds of [Cd(HL2)Cl2] (13).  In compound 14 the Cd–Br bond 

distances are 2.531(7) and 2.548(6) Å, and here the difference is 0.017 Å.  

Table 4.4 shows selected bond lengths and bond angles of compounds 13 

and 14. 
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Figure 4.5. Structure and labeling diagram of compound 13. 

 
Figure 4.6. Structure and labeling diagram of compound 14. 
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Table 4.4. Selected bond lengths (Å) and bond angles ( º ) for 13 and 14 
 

13 14 

           Bond lengths Bond lengths 

Cd1–N2 
Cd1–N1 
Cd1–Cl1 
Cd1–O1 
Cd1–Cl2 
O1–C11 
N1–C9 
N1–C1 
N2–C10 
N2–N3 
N3–C11 
N4–C11 
N4–C12 

2.295(14) 
2.370(13) 
2.404(6) 
2.432(11) 
2.454(6) 
1.20(2) 
1.30(2) 
1.42(2) 
1.24(2) 
1.398(19) 
1.35(2) 
1.38(2) 
1.40(2) 

Cd1–N2 
Cd1–N1 
Cd1–O1 
Cd1–Br1 
Cd1–Br2 
O1–C11 
N1–C9 
N1–C1 
N2–C10 
N3–N2 
N3–C11 
N4–C11 
N4–C12 

2.326(2) 
2.420(2) 
2.4612(19) 
2.5317(7) 
2.5481(6) 
1.226(3) 
1.336(3) 
1.361(3) 
1.273(3) 
1.345(3) 
1.372(3) 
1.356(3) 
1.413(3) 

 
            Bond angles 

 
Bond angles 

N2–Cd1–N1 
N2–Cd1–O1 
N1–Cd1–O1 
N2–Cd1–Cl2 
N1–Cd1–Cl2 
O1–Cd1–Cl2 
N2–Cd1–Cl1 
N1–Cd1–Cl1 
O1–Cd1–Cl1 
Cl1–Cd1–Cl2 
C11–O1–Cd1 

69.3(5) 
67.3(4) 
136.6(5) 
111.2(4) 
99.9(4) 
93.6(4) 
124.0(4) 
101.2(4) 
104.4(4) 
124.81(19) 
116.0(11) 

N2–Cd1–N1 
N2–Cd1–O1 
N1–Cd1–O1 
N2–Cd1–Br1 
N1–Cd1–Br1 
O1–Cd1–Br1 
N2–Cd1–Br2 
N1–Cd1–Br2 
O1–Cd1–Br2 
Br1–Cd1–Br2 
C11–O1–Cd1 
C9–N1–Cd1 

68.79(8) 
66.36(7) 
33.83(7) 
137.26(6) 
108.10(5) 
97.50(5) 
105.61(6) 
102.01(6) 
99.89(5) 
116.33(3) 
114.79(17) 

 115.03(17) 
 



Synthesis, spectral studies and structures of Cd(II) complexes of N4-substituted semicarbazones 

                                                     Department of Applied Chemistry, CUSAT 81  

For the compound 13 the coordination of the semicarbazone to the Cd atom 

through ketoxy oxygen in neutral form is confirmed by the bond length of       

C11–O1 [1.20(2) Å] which is very near to the reported values for C=O for zinc 

complexes of semicarbazones [21].  But this bond distance is slightly different 

from the reported value for free semicarbazone and this is due to the 

complexation.  Also, C10–N2 bond length [1.24(2) Å] is comparable to the value 

reported for other semicarbazone complexes [21].  The C11–N3 and N2–N3 bond 

distances are 1.35(2) and 1.398(19) Å respectively, which reveal extensive 

delocalization over entire coordination framework.  The coordination results in the 

changes of bond lengths and bond angles of the semicarbazone moiety, as 

expected.  In the compound 14 the bond length of C11–O1 is 1.226(3) Å which 

supports coordination of the semicarbazone in the keto form.  The extensive 

delocalization over the semicarbazone moiety is evidenced by the bond length of 

N2–N3 1.345(3) Å, which is in between the single and double bond distance 

value.  This is again confirmed by the bond distance of C11–N3, which is 1.372(3) 

Å.  The basal coordination plane in compound 13 is occupied by the ketoxy 

oxygen (O1), azomethine nitrogen (N2), quinolyl nitrogen (N1) of the 

semicarbazone and the chloride ion (Cl1).  The apical position is occupied by the 

second chloride ion (Cl2), at a larger distance [2.454(6) Å].  Also in the complex 

14, ketoxy oxygen (O1), azomethine nitrogen (N2), quinolyl nitrogen (N1) of the 

semicarbazone and the bromide ion, (Br1) correspond to the basal plane where as 

the apical position is occupied by bromide ion, Br2.   

The angular structural parameter (τ) is calculated by τ = (β –α)/60, where 

β is the greatest basal angle and α is the second greatest angle; τ is 0 for 

rectangular pyramidal forms and 1 for trigonal bipyramidal forms [22,23].  The 

value of the τ for the compounds 13 and 14 are 0.145 and 0.057 respectively 

which indicate that the coordination geometries around Cd(II) are best 

described as distorted square based pyramid [24].   
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In compound 13, the deviations from the least-square plane through the O1, 

N1, N2, Cl1 and Cd1 atoms comprising the square plane are 0.4345, 0.7593, 

1.6978, 0.2064 and 0.0516 Å, respectively, and the N2 atom shows maximum 

deviation from the plane of 1.6978 Å.  The deviations from the least-square plane 

through the O1, N1, N2, Br1 and Cd1 atoms in compound 14 comprising the 

square plane are 0.5050, 0.8134, 1.3516, 0.0528 and 0.0907 Å respectively and the 

N2 atom has maximum deviation from the plane of 1.3516 Å.   

In the crystal packing of compound 13 two molecules are present and two 

of them are parallel to each other.  In the case of the compound 14 there are 4 

molecules in the unit cell packing and the molecules are complement to one 

another (Figure 4.7).  For the compounds 13 and 14, in the unit cell π–π and 

hydrogen bonding interactions were observed.  In compound 13, π–π interaction is 

perceived at 3.569(11) Å for Cg(3)–Cg(5)e [Cg(3) = N1–C1–C6–C7–C8–C9; 

Cg(5) = C12–C13–C14–C15–C16–C17, e = 2-x,– y, 1–z].  Three intermolecular 

hydrogen bonding interactions were observed, i.e., N3(H) and N4(H) of one 

molecule with chlorine atom (Cl2) of the another molecule and C10(H) and Cl2 of 

the other molecule [N(3)–H(3N)···Cl(2)f, D–H = 0.88 Å, H···A = 2.45 Å,           

D···A = 3.247(17) Å, D–H···A = 151º; N(4)–H(4N)···Cl(2)f, D–H = 0.88 Å,     

H···A = 2.45 Å, D···A = 3.265(16) Å, D–H···A = 155º, f = 2–x, –y, 1–z; C(10)–

H(10C)···Cl(2)g, D–H = 0.95 Å, H···A = 2.69 Å, D···A = 3.575(11) Å, D–H···A = 

120º, g = 1+x, y, z].  In compound 14, the π–π interaction is apparent at 3.7137(18) 

Å for Cg(3)–Cg(4)h [Cg(3) = N1–C1–C6–C7–C8–C9; Cg(4) = C1–C2–C3–C4–

C5–C6, h = 1-x,1– y, –z].  Two intermolecular hydrogen bonding interactions 

were observed,  i.e., N3(H) and O2 of the other molecule and N4(H) and O2 of 

other molecule [N(3)–H(3N)···O(2)i, D–H = 0.86 Å, H···A = 1.91 Å, D···A = 

2.705(3) Å, D–H···A = 154º; N(4)–H(4N) ···O(2)i, D–H = 0.86 Å, H···A = 2.10 Å, 

D···A = 2.890(3) Å, D–H···A = 152º, i = 1–x, 2–y, –z]. 
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Figure 4.7. Unit cell packing diagram of compound 13. 

 

 
Figure 4.8. Unit cell packing diagram of compound 14. 
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Figure 4.9. Intermolecular hydrogen bonding interactions of 13. 

 
Figure 4.10. Intermolecular hydrogen bonding interactions of 14. 
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Table 4.5. Interaction parameters of the compounds 9, 13 and 14  

π···π interactions 
Cg(I)···Cg(J) Cg–Cg (Å) α ° β ° 

9    
Cg(2)···Cg(3) a 3.1992(15) 5.44 18.54 

13    
Cg(3)···Cg(5)e 3.569(11) 3.8(9) 20.25 

14    
Cg(3)···Cg(4)h 3.7137(18) 2.21(13) 19.24 

Equivalent position codes : a = -x, -y, 2-z; e = 2-x,-y,1-z; h = 1-x, 1-y, -z 
For compound 9, Cg(2) = Cd(1), O(1), C(7), N(3), N(2), Cg(3) = Cd(1), N(1), 
C(5), C(6), N(2) 
For compound 13, Cg(3) = N(1), C(1), C(6), C(7), C(8), C(9), Cg(5) = C(12), 
C(13), C(14), C(15), C(16), C(17) 
For compound 14, Cg(3) = N(1), C(1), C(6), C(7), C(8), C(9), Cg(4) = C(1), 
C(2), C(3), C(4), C(5), C(6) 
 
H bonding 

D–H···A D–H (Å) H···A (Å) D···A (Å) D–H···A (°) 

[CdL1(OAc)]2·CH3OH (9) 
N4−H(4N)···O(4)d  
[Cd(HL2)Cl2] (13) 

 
0.85(3) 

 
3.132(4) 

 
2.30(3) 

 
166(3) 

N(3)−H(3N)···Cl(2)f 0.88 2.45 3.247(17) 151 

N(4)−H(4N)···Cl(2)f 0.88 2.45 3.265(16) 155 

C(10)−H(10C)···Cl(2)g 0.95 2.69 3.575(11) 120 

[Cd(HL2)Br2] (14)     

N(3)−H(3N)···O(2)i 0.86 1.91 2.705(3) 154 

N(4)−H(4N)···O(2)i 0.86 2.10 2.890(3) 152 
 

Equivalent position codes : d = –x, –1/2+y, 3/2–z; f = 2-x,-y,1-z; g = 1+x,y,z;   
i = 1-x, 2-y, -z 
D=Donor, A=acceptor, Cg=Centroid, α=dihedral angles between planes I & J, 
β= angle between  Cg-Cg and Cg(J) perp. 
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4.3.2. Infrared spectra 

The IR spectral bands most useful for the determination of the mode 

of coordination are given in Table 4.6.  The absence of ν(NH) in the spectra 

of the complexes 9 and 11 suggests that the semicarbazone, HL1 loses this 

proton on complexation, thus acting as uninegative ligand [25].  In complex 

10, the presence of a band at 3251 cm-1 corresponding to ν(NH) vibration 

indicates that the semicarbazone is coordinated in the neutral form.  A band 

at 1718 cm-1 in the semicarbazone, HL1 has significant contribution from 

C=O stretching vibration and absence of such a band in the complexes 9 

and 11 confirming the coordination through enolate oxygen.  The presence 

of a band at 1656 cm-1 for the complex 10 supports the keto form of the 

semicarbazone in this complex.  

On coordination of the azomethine nitrogen, the IR stretching 

frequency ν(C=N) at 1591 cm-1 shifts to 1570, 1562 and 1561 cm-1 for the 

complexes 9, 10 and 11 respectively [26-28].  The spectra of the complexes 

exhibit a systematic shift in the position of ν(N–N) bands in the region 

1148-1141 cm-1 and confirms the coordination of the azomethine nitrogen.  

This shift to higher region is due to the increase in the double bond character 

off-setting the loss of electron density via donation to the metal.  The bands 

appearing in the region 484-501 cm-1 which correspond to ν(Cd–Nazo) for 

complexes 9-11 again confirm the coordination of the azomethine nitrogen 

[29].  Coordination of pyridyl nitrogen causes the out-of-plane bending 

vibrational band to shift from 601 cm-1 to higher frequencies 622, 621 and 

627 cm-1 for complexes 9-11 [30].  Presence of bands at 1600 and 1596 cm-1 

for the complexes 9 and 11 are assigned to the newly formed v(C=N) band after 

enolization [31].  The presence of new peaks in the 457, 451 and 463 cm-1 are due 

to the ν(Cd–O) bands. The asymmetric and symmetric stretching vibrations 

of the acetate group appear at 1568 and 1437 cm-1 respectively for the 
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complex 9 having the separation value ∆v = 131 cm-1 suggests the presence 

of chelating acetate group linked with the metal center for the complex 

[32,33].  The azido complex 11 exhibits a strong band at 2052 cm-1 

corresponding to va(N–N–N) stretching vibration of the coordinating azido 

group.   

The IR spectrum of the semicarbazone, HL2 has a band at 1702 cm-1 

is assigned to v(C=O), which is shifted to lower wavenumber in complexes 

12-14.  This indicates that in these complexes, semicarbazone coordinates 

in keto form.  This is further confirmed by the presence of bands in the 

region 3245-3274 cm-1, attributed to ν(NH) vibration for the complexes    

12-14. The strong band observed at 1592 cm-1 due to v(C=N) of the 

semicarbazone moiety shifts to 1565, 1565 and 1554 cm-1 upon 

complexation.  This lowering of frequencies confirms the coordination via 

azomethine nitrogen.  The coordination of azomethine nitrogen is also 

consistent with presence of a new band in the range 500-510 cm-1, 

assignable to ν(Cd–Nazo) for these complexes.  A shift in the absorption 

bands due to ν(N–N) stretching vibrations from 1150 cm-1 to higher region 

confirms the coordination of semicarbazone through azomethine nitrogen 

atom.  The new peaks observed in the range 470-477 cm-1 are due to the 

ν(Cd–O) band [34-37].  The presence of bands at 1503 and 1423 cm-1 for 

the complex 12 are assignable as asymmetric and symmetric stretching 

vibrations respectively of the acetate group.  IR spectra of complexes are 

presented in Figures 4.11-4.16. 
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Figure 4.11. IR spectrum of the compound [CdL1(CH3COO)]2·2CH3OH (9). 

 

 
Figure 4.12. IR spectrum of the compound [Cd(HL1)Br2] (10). 
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Figure 4.13. IR spectrum of the compound [CdL1N3]2 (11). 

 
Figure 4.14. IR spectrum of the compound [Cd(HL2)(OAc)2]·4/3H2O (12). 
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Figure 4.15. IR spectrum of the compound [Cd(HL2)Cl2]. 4/3H2O (13). 

 
Figure 4.16. IR spectrum of the compound [Cd(HL2)Br2]·DMF (14). 
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4.3.3. Electronic spectra 

The electronic absorption bands of the Cd(II) complexes, recorded in 

DMF solution, are given in Table 4.7.  The energy of intraligand bands 

slightly changed upon complexation.  This is due to the involvement of 

C=O bond and azomethine nitrogen atom in coordination [28].  The 

intraligand transitions are observed in the region 31270-31440 cm-1 for the 

compounds 9-11 whereas for the complexes 12-14 intraligand transitions 

are in the range 22360-32140 cm-1.  The new bands observed for the 

complexes 9-14 in the region 22360-24230 cm-1 are assigned to Cd(II) →O 

transitions.  No appreciable absorptions occurred below 20000 cm-1 in 

DMF solution indicating the absence of d-d bands which is in accordance 

with d10 configuration of Cd(II) ion.  Electronic spectra of complexes are 

presented in Figures 4.17-4.20. 
 

Table 4.7. Electronic spectral assignments for the semicarbazones and 
its Cd(II) complexes  

 

 Compound                                            Absorbance, λmax (cm-1) 

HL1 36300, 31160 

[CdL1(CH3COO)]2·2CH3OH (9) 31440, 24230 

[Cd(HL1)Br2] (10) 31270, 24140 

[CdL1N3]2 (11) 31380, 24090 

HL2 36940, 32200, 31300, 29900, 28770 

[Cd(HL2)(OAc)2]·4/3H2O (12) 32060, 30740, 29500, 23600   

[Cd(HL2)Cl2] (13) 31270, 29900, 28720, 22360                 

[Cd(HL2)Br2]·DMF (14) 32140, 30650, 29330, 23870 
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  Figure 4.17. Electronic spectrum of the compound [CdL1(CH3COO)]2 

·2CH3OH (9). 

 
Figure 4.18. Electronic spectrum of the compound [Cd(HL1)Br2] (10). 
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Figure 4.19. Electronic spectrum of the compound [CdL1N3]2 (11). 

 
Figure 4.20. Electronic spectrum of the compound [Cd(HL2)(OAc)2]·4/3H2O (12). 
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                                                                        Chapter  5 

Cu(II) COMPLEXES OF N4-SUBSTITUTED 
SEMICARBAZONES: SYNTHESIS  

AND SPECTRAL STUDIES  
 

 

 

 5.1 Introduction 

 5.2 Experimental 

 5.3 Results and discussion  
 

 
5.1. Introduction 

Copper is one of the most abundant (25th in order of abundance) 

elements in the earth’s crust.  It exists in two oxidation states, copper(I) and 

copper(II).  The most common oxidation state of copper is +2 and copper(II) 

complexes have been extensively studied.  These complexes have tetrahedral, 

octahedral, square planar and trigonal bipyramidal geometries [1].  The role of 

copper in organic reactions is related to its oxidation states.  This metal is used 

in the electrical industry due to high conductivity and it is also used for water 

pipes because of its inertness.  Copper catalyses redox reactions in biological 

systems primarily in the reduction of oxygen to water [2].  Due to the presence 

of unpaired electron, all the copper(II) complexes are paramagnetic.   

Considerable interest in Schiff base compounds containing 

thiosemicarbazones and their transition metal complexes has grown in the areas of 

biology and chemistry due to biological activities [3-5].  But semicarbazone 

analogs received much less attention.  However, semicarbazones are also reported 

to possess versatile structural features [6].  Their metal complexes, especially 
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those containing copper(II) and iron(II) are more active than uncoordinated 

semicarbazones and this enhanced biological activity of metal semicabazones has 

been under investigation for some time [7].  Copper(II) complexes are interesting 

due to their biological roles and medicinal properties.   

This chapter deals with the synthesis and characterization of 

mononuclear and binuclear copper(II) complexes with potential NNO donor 

ligands, di-2-pyridyl ketone-N4-phenyl-3-semicarbazone (HL1) and quinoline-

2-carboxaldehyde-N4-phenyl-3-semicarbazone (HL2).   

5.2. Experimental 
5.2.1. Materials 

The semicarbazones were synthesized as discussed in Chapter 2.  Solvents 

used were ethanol, methanol and water. Copper(II) acetate monohydrate, 

copper(II) sulfate pentahydrate, copper(II) nitrate hemipentahydrate, copper(II) 

chloride dihydrate, sodium azide and potassium thiocyanate (all are BDH, AR 

grade) were used as received.  

5.2.2. Synthesis of complexes 
[Cu3L2

1Cl4]·4H2O (15) 

A solution of semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of methanol 

was treated with a methanolic solution of the copper(II) chloride dihydrate 

(0.170 g, 1 mmol).  The solution was heated under reflux for 4 h.  The complex 

formed was filtered, washed with ether and dried over P4O10 in vacuo. 

Yield ~0.48 g 

[CuL1OAc] (16) 

This complex was synthesized by refluxing methanolic solution of 

HL1 (0.317 g, 1 mmol) and solution of copper(II) acetate monohydrate 

(0.199 g, 1 mmol) in methanol for 4 h.  The complex formed was filtered, 

washed with ether and dried over P4O10 in vacuo. 

Yield ~0.50 g. 
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[CuL1NO3]2 (17)  

This complex was synthesized by refluxing methanolic solution of HL1 

(0.317 g, 1 mmol) and copper(II) nitrate hemipentahydrate (0.120 g, 0.5 mmol).  

The complex formed was collected, washed with ether and dried over     

P4O10 in vacuo. 

Yield ~0.39 g. 

[CuL1N3] (18)  

A solution of HL1 (0.158 g, 0.5 mmol) in 20 ml of methanol was treated 

with a methanolic solution of copper(II) acetate monohydrate (0.099 g, 0.5 mmol).  

The solution was heated under reflux for 1 h and sodium azide (0.032 g,       

0.5 mmol) was added in portions to the solution and further refluxed for 2 h.  

The resulting solution was allowed to stand at room temperature and after slow 

evaporation complex was separated out, which was collected, washed with 

ether and dried over P4O10 in vacuo.  

Yield ~0.55 g. 

[CuL1SCN]·3/2H2O (19) 

For the synthesis of this complex, methanolic solutions of HL1 (0.158 g, 

0.5 mmol) and copper(II) acetate monohydrate (0.099 g, 0.5 mmol) were 

refluxed for 1 h and methanolic solution of KCNS (0.048 g, 0.5 mmol) was 

added and further refluxed for 3 h.  The resulting solution was allowed to 

stand at room temperature and after slow evaporation complex was 

separated out, which was collected, washed with ether and dried over P4O10 

in vacuo.  

Yield ~0.48 g. 

[Cu(HL1)L1]2(ClO4)2·6H2O (20) 

A solution of HL1 (0.317 g, 1 mmol) in 20 ml of methanol was treated with a 

methanolic solution of the copper(II) perchlorate hexahydrate (0.185 g, 0.5 mmol).  
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The solution was stirred for 2 h.  The complex formed was filtered, washed 

with ether and dried over P4O10 in vacuo. 

Yield ~0.52 g. 

[Cu(HL2)Cl2]2·H2O (21) 

An aqueous solution of the copper(II) chloride dihydrate (0.170 g, 1 mmol ) 

is mixed with a solution of the semicarbazone, HL2 (0.290 g, 1 mmol) in DMF.  

The resulting solution was refluxed for 5 h.  The complex formed was filtered, 

washed with ether and dried over P4O10 in vacuo. 

Yield ~0.39 g. 

[CuL2OAc]·6/5H2O (22) 

This complex was synthesized by refluxing a solution of HL2 (0.290 g,  

1 mmol) in DMF and solution of copper(II) acetate monohydrate (0.199 g,      

1 mmol) in methanol for 5 h.  The complex formed was filtered, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.35 g. 

[CuL2N3]·CH3OH (23) 

A solution of HL2 (0.145 g, 0.5 mmol) in 20 ml of DMF was treated with 

a methanolic solution of copper(II) acetate monohydrate (0.099 g, 0.5 mmol).  

The solution was heated under reflux for 2 h and sodium azide (0.032 g,       

0.5 mmol) was added in portions to the solution and further refluxed for 2 h.  

The resulting solution was allowed to stand at room temperature and after slow 

evaporation complex was separated out, which was collected, washed with 

ether and dried over P4O10 in vacuo.  

Yield ~0.51 g. 

5.2.3.  Analytical methods 

The carbon, hydrogen and nitrogen analyses were carried out using a Vario 

EL III CHNS analyzer at SAIF, Kochi, India.  Infrared spectra were recorded on a 
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JASCO FT-IR-5300 Spectrometer in the range 4000-400 cm-1 using KBr pellets.  

Electronic spectra were recorded on a Cary 5000, version 1.09 UV-VIS-NIR 

Spectrophotometer using solutions in DMSO. Magnetic susceptibility 

measurements were carried out on a Vibrating Sample Magnetometer using 

Hg[Co(SCN)4] as a calibrant.  EPR spectra were recorded on a Varian E-112 X-

band EPR Spectrometer using TCNE as a standard at SAIF, IIT, Bombay, India.  

Molar conductivity measurements were made in DMSO solutions.  

5.3. Results and discussion  
The semicarbazones HL1 and HL2 were synthesized by the direct 

condenzation of N4-phenylsemicarbazide with di-2-pyridyl ketone and quinoline-

2-carboxaldehyde respectively.  These semicarbazones can coordinate with metal 

ions in keto and enol forms. 

The complexes, [CuL1NO3]2 (17) and [Cu(HL1)L1]2(ClO4)2·6H2O (20) 

were formed by the reaction of the semicarbazone, HL1 with appropriate 

copper(II) salt in the molar ratio 2:1.  The complexes [Cu3L2
1Cl4]·4H2O (15), 

[CuL1OAc] (16), [Cu(HL2)Cl2]2 H2O (21) and [CuL2OAc]·6/5H2O (22) were 

formed by the reaction of the semicarbazones with copper(II) salts in 1:1 

molar ratio.  In complexes [CuL1N3] (18), [CuL2N3]·CH3OH (23) and 

[CuL1SCN]·3/2H2O (19), acetate anion was metathetically displaced by azide 

or thiocyanate anion.  In the complex 21, the semicarbazone HL2 is 

coordinated as neutral keto form whereas in complex 20, one of the 

molecules of the semicarbazone, HL1 coordinates in keto form and second 

molecule of semicarbazone undergoes deprotonation.  In all other complexes 

semicarbazones are coordinated in deprotonated enolate form.  Complexes 

15, 19, 20, 21 and 22 contain uncoordinated water molecules.  Complexes 16 

and 18 have general formula MLX where X is OAc and N3 respectively.  The 

stoichiometry we assigned for all copper(II) complexes are in good 

agreement with CHN analyses data. For compound 15, a structure with 
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bridged chlorine atoms is proposed and in this compound third copper atom 

undergoes covalent bonding with pyridyl nitrogen atoms.  The proposed 

structure of compound 15 is shown in the Figure 5. 1.   

 
Figure 5.1. Proposed structure of compound 15 (water molecules are omitted). 

 

Magnetic moments of the complexes were calculated from magnetic 

susceptibility measurements.  Present mononuclear copper(II) complexes 

exhibit magnetic moments in the range 1.51-2.04 B.M., which are close to 

their spin-only value.  Magnetic moments of binuclear copper(II) complexes 

17, 20 and 21 are at 1.40, 1.12 and 1.28 B.M. respectively [8].  Low values of 

magnetic moments for the binuclear complexes suggest the presence of strong 

antiferromagnetic spin-spin interactions.  The conductivity measurements were 

carried out in DMSO solutions and all the complexes except 15 and 20 were 

found to be non-electrolytes [9]. Higher conductivity for the complex 15 may 

be due to the partial ionization of the complex in DMF solution. Attempts to 

isolate single crystals suitable for X-ray diffraction studies were unsuccessful.  

The analytical data of the complexes are presented in Table 5.1.  
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5.3.1.  Infrared spectra 

The IR spectra of compounds were recorded with KBr discs in the range 

4000-400 cm-1.  The characteristic IR bands of the complexes differ from their 

semicarbazones, HL1 and HL2 and provide significant indications regarding 

the coordination and bonding sites of semicarbazones.  The significant IR 

bands with the tentative assignments of the copper(II) complexes are presented 

in Table 5.2. 

The presence of a strong band at 1718 cm-1 for the semicarbazone, HL1 

is assigned to C=O stretching vibration, which is absent in complexes 15-19.  

This indicates that in these complexes, HL1 has undergone deprotonation and 

coordinated in enolate form.  But in complex 20, a band at 1679 cm-1 is 

assigned as v(C=O) which has undergone a shift and coordination is through 

keto oxygen atom [10].  The coordination through keto/enol oxygen atom is 

further corroborated with the appearance of a band at 413-456 cm-1 region due 

to v(Cu–O) stretch in the spectra of the complexes [11-13].  The va(NH) 

vibrations of the imino group is observed at 3369 cm-1 in the IR spectrum of 

HL1 and this band disappears in the spectra of the complexes except 20, 

providing a strong evidence for the ligand coordination around copper(II) ion 

in the deprotonated form [14].  The intense band at 1591 cm-1 in the spectrum 

of HL1 has been assigned to v(C=N) of the semicarbazone moiety.  This band 

is shifted to lower wavenumbers by 23-35 cm-1 in the spectra of complexes 

indicating coordination via the azomethine nitrogen [15,16].  Coordination of 

azomethine nitrogen is consistent with the presence of a band at ca. 504-511 

cm-1, assignable to v(Cu–Nazo) for these complexes [17,18].  But with loss of 

proton from N, another strong band is found in the region 1599-1597 cm-1 

which may be due to the newly formed C=N bond as a result of enolization of 

the semicarbazone in complexes 15-20, again confirms the coordination via 

enolate oxygen.  The increase in v(N–N) in the spectra of complexes in the 
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range 1143-1154 cm-1 is due to enhanced double bond character through 

chelation, thus offsetting the loss of electron density via donation to the metal 

ion, and is supportive of azomethine coordination.  Coordination of the pyridyl 

nitrogen causes the out-of-plane bending vibrational band to shift from 601 

cm-1 to higher frequencies 625, 615, 634, 621, 621 and 690 cm-1 respectively 

for the complexes 15-20 [19]. 

The asymmetric and symmetric stretching vibrations of the acetate 

group appear at 1520 and 1384 cm-1 respectively for the acetato complex 16 

[20,21].  For the nitrato complex 17 three strong bands at 1542, 1384 and 

1298 cm-1 are observed corresponding to v1, v2 and v4 of the nitrato group 

indicating the presence of a terminal monodentate coordination of the 

nitrato group [22].  A combination of (v1+v2) considered as diagnostic for 

the monocoordinate nitrato group, has been observed at 1698 cm-1 [23].  v3, 

v5 and v6 couldn’t be assigned due to the richness of the spectrum of the 

complex.  The azido complex 18 shows a single strong band at 2054 cm-1 

due to the asymmetric stretching mode and the band associated with 

symmetric stretching mode is located at 1387 cm-1.  Thiocyanato complex 

19 has a very strong band at 2091 cm-1, a medium band at 775 cm-1 and a 

weak band at 493 cm-1 corresponding to v(CN), v(CS) and δ(NCS) 

respectively [24].  The intensity and band position indicates the unidentate 

coordination of the thiocyanate through nitrogen atom.  Perchlorate anion 

coordinates to the metal only when its complexes are prepared in non-

aqueous solvents.  The perchlorato complex 20 shows a broad band at 1097 

cm-1 corresponding to v3(ClO4) and an unsplit strong band at 621 cm-1 

assignable to v4(ClO4) [25].  This along with the absence of a band 

corresponding to v1 at 920 cm-1, indicates the presence of an ionic 

perchlorate group [26].  IR spectra of complexes 15-20 are presented in 

Figures 5.2-5.7. 
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Figure 5.2. IR spectrum of the compound [Cu3L2

1Cl4]·4H2O (15). 

 
Figure 5.3. IR spectrum of the compound [CuL1OAc] (16). 
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Figure 5.4. IR spectrum of the compound [CuL1NO3]2 (17). 

 
Figure 5.5. IR spectrum of the compound [CuL1N3] (18). 
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Figure 5.6. IR spectrum of the compound [CuL1SCN]·3/2H2O (19). 

 
Figure 5.7. IR spectrum of the compound [Cu(HL1)L1]2(ClO4)2·6H2O (20). 
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The presence of a band in the spectrum of the semicarbazone, HL2 at 

1702 cm-1 is due to v(C=O), which is shifted to 1694 cm-1 in the chloro 

complex 21.  This indicates that in this complex semicarbazone, HL2 is 

coordinated in the neutral, keto form.  But this band is absent in complexes 22 

and 23, which means that in these complexes HL2 is coordinated as enol form.  

This is supported by the fact that in complexes 22 and 23 new bands are 

observed at 1599 and 1586 cm-1, which are due to newly formed v(C=N) after 

enolization.  However this band is absent in complex 21.  Upon complexation, 

the azomethine stretching vibration was shifted from 1592 cm-1 to lower 

wavenumbers in the range 1556-1567 cm-1.  In the complexes 21-23, there is 

an increase in v(N–N) in the range 1160-1167 cm-1 which confirms the 

coordination of the semicarbazone through azomethine nitrogen.   

For the chloro complex 21, the bands at 1243 and 1119 cm-1 correspond to 

the in-plane vibrations of the quinoline ring while out-of-plane vibrations are 

observed at 744 and 686 cm-1.  The bands at 551 and 502 cm-1 are assigned to 

v(Cu–Nazo) and v(Cu–O) respectively.  For the acetato complex 22, the band at 

1249 cm-1 corresponds to the in-plane vibration of the quinoline ring while out-of-

plane vibrations are observed at 753 and 692 cm-1.  The bands at 560 and 505 cm-1 

are assigned to v(Cu–Nazo) and v(Cu–O) respectively.  For this complex, the bands 

at 1510 and 1469 cm-1 correspond to asymmetric and symmetric stretching 

vibrations of the acetate group respectively.  For the azido complex 23, a sharp 

band at 2054 cm-1 correspond to the asymmetric v(N3) mode.  The band associated 

with the symmetric v(N3) mode is observed at 1344 cm-1.  The broad band 

observed at 652 cm-1 is assigned to ∂(N–N–N).  The bands at 1247 and 1118 cm-1 

correspond to the in-plane vibrations of the quinoline ring while out-of-plane 

vibrations are observed at 751 and 692 cm-1.  The bands at 555 and 509 cm-1 are 

assigned to v(Cu–Nazo) and v(Cu–O) respectively.  The IR spectra of the 

complexes are presented in Figures 5.8-5.10.   
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Figure 5.8. IR spectrum of the compound [Cu(HL2)Cl2]2·H2O (21). 

 
Figure 5.9. IR spectrum of the compound [CuL2OAc]·6/5H2O (22). 
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Figure 5.10. IR spectrum of the compound [CuL2N3]·CH3OH (23). 

 

5.3.2.  Electronic spectra 

The electronic spectral data of semicarbazones and copper(II) complexes 

recorded in DMSO solution are given in Table 5.3 and electronic spectra are 

shown in the Figures 5.11-5.17.  The semicarbazones HL1 and HL2 have 

absorptions at 36300 and 36940 cm-1 respectively due to π-π* transitions of the 

pyridyl ring/quinoline ring and imine function of the semicarbazone moiety.  

Bands in the region 28770-32200 cm-1 correspond to n-π* transitions of the 

amide function [27] for HL1 and HL2.  This intraligand transitions are observed 

in the range 32290-28800 cm-1, which undergoes shift upon complexation.  

This shift may be due to the weakening of C=O bond and donation of lone pair 

of electrons to the metal on complexation.   

The high intense ligand-to-metal charge transfer (LMCT) transitions are 

observed at high energy region.  The intensity of these transitions reflects the 

overlap of the ligand and metal orbitals involved in the charge transfer.  In all 
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the complexes 15-23, LMCT transitions are observed in the region 22100-

24050 cm-1 and which are assigned to O→ Cu and N→ Cu LMCT transitions.  

In the chloro complex 21 shoulder region is observed at 28800 cm-1, which is 

assigned as Cl→ Cu charge-transfer transition [28].  For a tetragonal field 

three spin allowed transitions, 2A1g←2B1g, 
2B2g←2B1g and 

2Eg←2B1g are 

possible and square pyramidal complexes have the dyz, dxz← dx
2

-y
2 and 

dz
2←dx

2
-y

2 transitions.  But it is difficult to resolve them into separate bands 

due to the very low energy difference between these bands.  All copper(II) 

complexes 15-23 have very broad d-d combination bands (Figures 5.18-5.21) 

in the range 14000-16000 cm-1 [29,30].   
 

Table 5.3. Electronic spectral assignments of semicarbazones and their 
Cu(II) complexes 

 

Compound Absorbance, 
λmax (cm-1) LMCT d-d 

HL1 36300, 31160 - - 

[Cu3L2
1Cl4]·4H2O (15) 32030 23820 14590 

[CuL1OAc] (16) 31940 23880 15200 

[CuL1NO3]2 (17) 31780 24050 14590 

[CuL1N3 ] (18) 32110 23940 16000 

[CuL1SCN]·3/2H2O (19) 32290 23970 14600 

[Cu(HL1)L1]2(ClO4)2·6H2O 
(20) 

31270 23630 15300 

HL2 36940, 32200, 31300, 
29900, 28770 

- - 

[Cu(HL2)Cl2]2·H2O (21) 31940, 30160 22100,28800   15380 

[CuL2OAc]·6/5 H2O (22) 31780 22780 15620 

[CuL2N3]·CH3OH (23) 31860 22270 14000 
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Figure 5.11. Electronic spectrum of the compound [Cu3L2
1Cl4]·4H2O (15). 

 
Figure 5.12. Electronic spectrum of the compound [CuL1OAc] (16). 
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Figure 5.13. Electronic spectrum of the compound [CuL1NO3]2 (17). 

 
 

 
Figure 5.14. Electronic spectrum of the compound [CuL1N3 ] (18). 
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Figure 5.15. Electronic spectrum of the compound [CuL1SCN]·3/2H2O (19). 

 
Figure 5.16. Electronic spectrum of the compound [Cu(HL2)Cl2]2·H2O (21). 
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Figure 5.17. Electronic spectrum of the compound [CuL2N3]·CH3OH (23). 

 
Figure 5.18. Electronic spectrum of the compound [Cu3L2

1Cl4]·4H2O 
(15) in the visible region. 
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Figure 5.19. Electronic spectrum of the compound [CuL1N3 ] (18) in 

the visible region. 

 
 Figure 5.20.  Electronic spectrum of the compound [CuL1SCN]·3/2H2O 

(19) in the visible region. 
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Figure 5.21. Electronic spectrum of the compound [CuL2N3]·CH3OH 

(23) in the visible region. 
 

 

5.3.3.  Electron paramagnetic resonance spectra 

EPR spectroscopy is a powerful tool to infer details about the structure 

of complexes formed by paramagnetic metal ions.  It is the electronic analog of 

NMR spectroscopy that probes the nuclear spin of molecules.  An easy 

application of EPR spectroscopy uses the Cu(II) ion, a particularly favorable 

example of a metal ion that exhibits a wide range of stereochemistry with a 

variety of intermediate situations.  For coordination geometries corresponding 

to an elongated octahedron, a square pyramid or square planar, the ground 

state is 22 yxd
−

.  When the coordination around Cu(II) ion is a compressed 

octahedron or a trigonal bipyramid, the ground state is dz
2.  EPR spectroscopy 

can distinguish the ground states 22 yxd
−

 and dz
2 on the basis of the principal 

values of the g tensor in the anisotropic spectra.  The value of g is the primary 
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empirical parameter that characterizes the response of a paramagnetic 

molecule and provides a quantitative measure of the molecule’s magnetic 

moment and is sensitive to the changes in the molecule’s electronic structure.  

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 in the 

absence of magnetic field.  In a magnetic field the degeneracy is lifted between 

these states 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 

factor equals to 2.0023 (for a free electron), β is the Bohr magneton and B is 

the magnetic field.   

The EPR spectra of polycrystalline sample at 298 K and solution at 77 K 

were recorded in the X-band with 100 kHz field modulation and g factors were 

quoted relative to the standard marker TCNE (g=2.00277).  The EPR spectra 

of the complexes recorded in polycrystalline state at room temperature provide 

information about the coordination environment around Cu(II) in these 

complexes.  All these values are in good agreement with earlier reported 

values of semicarbazones [31].   

The EPR spectra of the compounds 15, 17, 21 and 22 in the 

polycrystalline state at 298 K show only one broad signal at giso = 2.089, 

2.129, 2.150 and 2.150 respectively (Figures 5.22-5.23).  Such isotropic 

spectra arise from extensive exchange coupling through misalignment of the 

local molecular axes between different molecules in the unit cell (dipolar 

broadening) and enhanced spin lattice relaxation.  This type of spectra 

unfortunately give no information about the electronic ground state of the 

Cu(II) ion present in the complex.   
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Figure 5.22. EPR spectrum of the compound [Cu3L2

1Cl4]·4H2O (15) in 
polycrystalline state at 298 K (Experimental (green) and 
simulated best fit (purple) of the EPR spectra). 

 
Figure 5.23. EPR spectrum of the compound [CuL1NO3]2 (17) in 

polycrystalline state at 298 K (Experimental (green) and 
simulated best fit (purple) of the EPR spectra). 

H (Gauss) 

H (Gauss) 
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For the compounds 16, 18 and 20 we got axial spectra with well defined 

||g  and g⊥ features.  The variation of ||g  and g⊥ values in these complexes 

indicate the geometry of the compounds in the solid state is affected by the 

nature of the coordinating gegenions.  The geometric parameter G is calculated 

as G = g||–2.0023/g⊥–2.0023 for axial spectra and it is a measure of exchange 

interaction between copper centers in the polycrystalline compound.  If G > 4.4, 

exchange interaction is negligible and if it is less than 4.4, considerable 

exchange interaction is indicated in the solid complex [32-34].  The geometric 

parameter G for the compounds 16, 18 and 20, are 3.258, 2.448 and 2.441 

respectively, which indicate the fact that the unit cells of the compounds contain 

magnetically equivalent sites.  For the complexes 16, 18 and 20, ||g  > g⊥ > 2 and 

G values falling in the range 2–4 are consistent with a 22 yxd
−

 ground state.   

 
Figure 5.24. EPR spectrum of the compound [CuL1OAc] (16) in 

polycrystalline state at 298 K (Experimental (green) and 
simulated best fit (purple) of the EPR spectra). 

 

H (Gauss) 
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Figure 5.25. EPR spectrum of the compound [CuL1N3 ] (18) in  

polycrystalline state at 298 K (Experimental (green) and 
simulated best fit (purple) of the EPR spectra). 

 

For the compound 19, we got three g values g1 = 2.028, g2 = 2.104 and  

g3 = 2.306 which indicate rhombic distortion in geometry (Figure 5.26).  In 

the spectra with g3 > g2 > g1 rhombic spectral values, R = g2 – g1/ g3 – g2 may 

be significant.  If R > 1, a predominant dz
2 ground state is present and if R < 

1 a predominant 22 yxd
−

 state is present and if R =1 then the ground state is 

approximately an equal mixture of dz
2 and 22 yxd

−
.  For the complex 19, R < 1 

suggesting a 22 yxd
−

 ground state indicates that the exchange interaction is 

negligible.  The EPR spectrum of the compound [CuL2N3]·CH3OH (23) is 

reverse axial (Figure 5.27) with well defined ||g  and g⊥ features.  This axially 

H (Gauss) 
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compressed spectra has g⊥ > ||g  with 2.045 and 2.130 as ||g  and g⊥ values 

respectively.  As g⊥ > ||g  the ground state is dz
2.  Absence of half field 

signals for compounds reinforce the assumption of superexchange 

interactions.   

 
Figure 5.26. EPR spectrum of the compound [CuL1SCN]·3/2H2O (19) 

in polycrystalline state at 298 K. 
 

H (Gauss) 
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Figure 5.27. EPR spectrum of the compound [CuL2N3]·CH3OH (23) 

polycrystalline state at 298 K. 
 

The solution spectra of all complexes were recorded in DMF at 77 K.  

An axial spectrum was obtained for compound 15 (Figure 5.28) with 2.250, 

2.061 and 178.33 x 10-4 cm-1 as ||g , g⊥ and A|| values.  In the low field 

region, seven hyperfine lines are obtained that are moderately resolved 

suggesting a dimeric structure with two copper centers.  This seven line 

hyperfine splitting is due to interaction of the electrons with two copper 

nuclei (65,63Cu, I = 3/2), so that electrons are exchanged between two Cu(II) 

H (Gauss) 
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ions via the bridging chlorine atoms at a rate faster than EPR time scale.  

The binuclear nature was confirmed by the presence of half field signal 

(∆Ms = ±2) at ca. 1570 G with g value 4.133.  It is observed that g values of 

this complex in the solid state at 298 K and in DMF at 77 K are not much 

different from each other hence the geometry around the Cu(II) ion is 

unaffected on cooling the solution to liquid nitrogen temperature.  As        

||g  > g⊥, the possibility of trigonal bipyramidal geometry has been ruled out 

and square pyramidal structure is suggested.  Thus the coordination 

polyhedron comprises of one pyridyl nitrogen, azomethine nitrogen, enolate 

oxygen and chlorine atom and the bridging chlorine atom occupies the axial 

position.   
 

 

 
Figure 5.28. EPR spectrum of the compound [Cu3L2

1Cl4]·4H2O (15) in 
DMF at 77 K (Experimental (green) and simulated best 
fit (purple) of the EPR spectra). 

 

H (Gauss) 
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In the compound 16, an axial spectrum is obtained with ||g  2.250 and    

g⊥ 2.045 values.  Spectrum of this complex (Figure 5.29) has four copper 

hyperfine lines in both parallel and perpendicular regions.  A||(Cu) and A⊥(Cu) are 

calculated to be 150 x10-4 and 16 x10-4 cm-1 respectively.  Aav is calculated by 

using the formula Aav = 1/3(A|| + 2A⊥) and it is 60 x10-4 cm-1. 

 
Figure 5.29. EPR spectrum of the compound [CuL1OAc] (16) in DMF 

at 77 K (Experimental (green) and simulated best fit 
(purple) of the EPR spectra). 

 

For the nitrato complex 17, in the parallel region three of the copper 

hyperfine lines are moderately resolved (Figure 5.30) while perpendicular 

features overlap the fourth one.  Appearance of seven lines in the 

perpendicular region is due to nitrogen superhyperfine splitting.  Here the ||g = 

2.240, g⊥ =2.051 and A|| =159 x10-4 cm-1.  The presence of half field signal 

indicates a dimeric structure for this complex (g = 4.332).   

H (Gauss) 
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Figure 5.30.  EPR spectrum of the compound [CuL1NO3]2 (17) in 

DMF at 77 K (Experimental (green) and simulated best 
fit (purple) of the EPR spectra). 

For the azido complex 18 also we got an axial spectrum (Figure 5.31) 

with ||g  = 2.233, g⊥ = 2.047 and A|| = 152 x10-4 cm-1 values.  The spectrum 

shows well resolved four hyperfine lines in the parallel region corresponding 

to monomeric Cu(II) complex.   

 
Figure 5.31.  EPR spectrum of the compound [CuL1N3 ] (18) in DMF 

at 77 K (Experimental (green) and simulated best fit 
(purple) of the EPR spectra). 

H (Gauss) 

H (Gauss) 
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In thiocyanato complex 19, an axial spectrum (Figure 5.32) is 

obtained with four hyperfine lines having ||g = 2.223, g⊥ =2.066 and           

A|| =195 x10-4 cm-1 values.   

 
Figure 5.32.  EPR spectrum of the compound [CuL1SCN]·3/2H2O 

(19)in DMF at 77 K (Experimental (green) and simulated 
best fit (purple) of the EPR spectra). 

 

In the EPR spectrum of five coordinate copper(II) complex [Cu(HL1)L1]2 

(ClO4)2·6H2O (20), the four hyperfine lines are observed in the parallel region and 

an axial spectrum is obtained with ||g  = 2.265, g⊥ =2.077 and A|| =150 x10-4 cm-1 

values.  The EPR spectrum of the complex 21 is also axial.  For compounds, 22 

and 23 EPR spectra are also axial with four hyperfine lines characteristic of 

monomeric copper(II) complexes, which arise from coupling of the odd electron 

with Cu nuclei (65Cu, I = 3/2).  The ||g  > g⊥ values accounts to the distorted square 

based pyramid structure in five coordinated complexes 15 and 21 and rules out the 

possibility of a trigonal bipyramidal structure, which would be expected to have 

||g  < g⊥.  Here for the four coordinated complexes 16, 17, 18, 19, 22 and 23,      

||g  > g⊥ which suggest a square planar geometry.   

H (Gauss) 
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For the six coordinated compound 20 as the ||g  > g⊥ distorted octahedral 

geometry is suggested.  For all the compounds gav is also calculated using the 

equation, gav = 1/3 ( ||g +2g⊥) and it is in the range 2.109 - 2.232.  According to 

Kivelson and Neiman considerable covalent character is suggested for M–L 

bond for the complexes when the ||g  < 2.3 [35].  The ||g  values in all these 

complexes are less than 2.3 is an indication of covalent bonding in these 

complexes.  The ||g  values are nearly the same for all the complexes indicating 

that the bonding is dominated by the semicarbazone moiety.  The EPR spectral 

assignments are given in Table 5.4.   

The EPR bonding parameters are given in Table 5.5.  The EPR 

parameters ||g , g⊥, A||(Cu) and the energies of d-d transitions were used to 

evaluate the bonding parameters α2, β2 and γ2 which may be regarded as 

measures of covalency of the in-plane σ bonds, in-plane π-bonds and out-of-

plane π-bonds respectively.  The value of in-plane σ-bonding parameter α2 was 

estimated from the expression, 

α 
2 = – A||/0.036 +( g||  – 2.00277) + 3/7 (g⊥ – 2.00277) + 0.04 [36,37]   

The orbital reduction factors, K||
2 = α 

2β2 and K⊥
2 = α 

2γ2 were calculated 

using the following expressions [38].                                                                                                           

K||
2 = (g|| – 2.00277) Ed-d/8λ0 

K⊥
2 = (g┴ – 2.00277) Ed-d/2λ0 

Where λ0 is the spin orbit coupling constant with a value of -828 cm-1 for 

Cu(II) d9 system. 

According to Hathaway [34], for pure σ bonding K|| ≈ K⊥ ≈ 0.77, and for 

in-plane π-bonding, K|| < K⊥ ; while for out-of-plane π-bonding, K⊥ < K||.  In 
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the complexes, except 19, 20, 21 and 22, it is observed that K⊥ < K|| which 

indicates the presence of significant out-of-plane π-bonding.  In the 

complexes 19, 20, 21 and 22, K||< K⊥ indicate in-plane π-bonding.  

Furthermore, α 
2, β2 and γ2 have values less than 1 which is expected for 

100% ionic character of bonds; suggest the covalency of the bonds.  But in 

complex 21, the value of γ2 is unexpected and is greater than 1.  The 

empirical factor f = g||  /A|| (cm-1) is an index of tetragonal distortion and 

depends on the nature of the coordinated atom.  In all the compounds, f 

falls in the range 114-151 cm-1 corresponding to a Cu(II) center with 

medium to extreme distortion [39].   

 

Table 5.5. EPR bonding parameters of Cu(II) complexes 

Compound α2 β2 γ2 K K|| K┴ f a 

[Cu3L2
1Cl4]·4H2O (15) 0.807 0.674 0.635 - 0.738 0.716 126.17 

[CuL1OAc] (16) 0.721 0.785 0.536 - 0.753 0.622 150.00 

[CuL1NO3]2 (17) 0.739 0.774 0.630 - 0.756 0.682 140.88 

[CuL1N3 ] (18) 0.711 0.718 0.551 - 0.714 0.626 146.90 

[CuL1SCN]·3/2H2O (19) 0.829 0.614 0.704 - 0.713 0.764 114.01 

[Cu(HL1)L1]2(ClO4)2·6H2O (20) 0.750 0.806 0.913 - 0.778 0.828 151.00 

[Cu(HL2)Cl2]2·H2O (21) 0.794 0.671 2.078 - 0.730 1.288 149.78 

[CuL2OAc]·6/5 H2O (22) 0.788 0.646 0.911 - 0.714 0.847 122.15 

[CuL2N3]CH3OH (23) 0.723 0.793 0.649 - 0.757 0.685 149.53 
a Expressed in units of cm. 
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                                                                        Chapter  6 

SPECTRAL STUDIES ON Ni(II), Co(II) AND Mn(II) 
COMPLEXES OF N4-SUBSTITUTED 

SEMICARBAZONES  
 

 

 

 6.1 Introduction 

 6.2 Experimental 

 6.3 Results and discussion  
 

 

 

 

6.1. Introduction 

Nickel occurs as Ni(I), Ni(II) or Ni(III) in biological systems such as the 

active sites of certain hydrogenases and dehydrogenases [1].  Hence the nickel 

species in various coordination environments are of interest to inorganic 

biochemists.  It is predominantly divalent and ionic in simple compounds.  

Nickel forms four, five and six coordinate complexes viz. square planar, 

tetrahedral, trigonal bipyramidal, square pyramidal and octahedral geometries.  

The coordination compounds of nickel are also studied for their magnetic 

behavior.  In last few years, nickel(II) complexes containing sulfur donors 

have received considerable attention due to the identification of a sulfur rich 

coordination environment in biological nickel centers such as at the active sites 

of certain ureases, methyl-S-coenzyme-M-methyl reductase, hydrogenases and 

may play a role in the supposed mutagenicity of nickel compounds.  According 

to the reports labile four coordinated nickel(II) complexes with tridentate 

thiosemicarbazone and semicarbazone ligands exhibit antibacterial activities, 

where as six coordinated nickel(II) complexes with thiosemicarbazone and 

semicarbazone ligands show no activities against the test microorganisms [2].   

C
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The synthesis and reactivity of cobalt complexes of Schiff base ligands 

have played an important part in the development of coordination chemistry 

[3,4].  Cobalt exhibits two important oxidation states as +2 and +3, and salts 

of Co(II) are more stable, as they are not easily oxidized to Co(III) state.  

However, in basic solutions, oxidation of Co(II) to Co(III) takes place 

relatively easily.  The overall formation constant is greater for higher 

oxidation state and thus the complexation makes it difficult to be reduced.  In 

spite of stabilization of Co(III) by complexation, high spin six coordinate, 

high/low spin five coordinate and four coordinate complexes of Co(II) are 

widely reported.  It is observed that Co(II) forms more tetrahedral complexes 

than any other transition metal ion except Zn(II) due to its d7 configuration.  

The cobalt complexes of tetradentate Schiff base ligands have been 

extensively used to mimic cobalamin (B12) coenzymes [5-8], dioxygen 

carriers and oxygen activators [9-11] and enantioselective reduction [12].  
60Co is the radioactive isotope of cobalt which is using in radiotherapy.  

Cobalt compounds are used in the production of pigments, inks and 

varnishes.  Cobalt is ferromagnetic. The Curie temperature is 1388 K with 

1.6~1.7 Bohr Magneton per atom.  Cobalt oxides, CoO and Co3O4 are 

antiferromagnetic at low temperature.   

Manganese is a naturally occurring metal that is found in many rocks.  

Manganese is used principally in steel production to improve hardness, 

stiffness and strength.  It may also be used as an additive in gasoline to 

improve the octane rating of the gas.  Manganese is naturally ubiquitous in 

the environment.  Manganese is essential for normal physiologic functioning 

in humans and animals, and exposure to low levels of manganese in the diet 

is considered to be nutritionally essential in humans.  Chronic (long-term) 

exposure to high levels of manganese by inhalation in humans may result in 

central nervous system (CNS) effects.  Visual reaction time, hand steadiness, 
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and eye-hand coordination were affected in chronically-exposed workers.  A 

syndrome named manganism may result from chronic exposure to higher 

levels; manganism is characterized by feelings of weakness and lethargy, 

tremors, a mask-like face, and psychological disturbances. Respiratory 

effects have also been noted in workers chronically exposed by inhalation.  

Impotence and loss of libido have been noted in male workers afflicted with 

manganism. 

Manganese is an essential trace element, forming the active sites of a 

number of metalloprotiens.  In these metalloprotiens, manganese can exist in 

any of the five oxidation states or in mixed valence states [13].  Potential 

importance of manganese complexes is evidenced by the realization that the 

active system in photosystem II (PSII) is a tetranuclear manganese complex 

[14].  Manganese coordination compounds are also of growing importance as 

homogeneous catalysts in oxidation reactions.  Manganese has a vital role in 

many enzymatic systems such as peroxide dimutase, peroxidase, dioxygenase 

and catalase in which mononuclear manganese active sites are present [15].  

Metal complexes of manganese play important roles ranging from bioinorganic 

chemistry to solid state physics.  Manganese coordination compounds are also 

of growing importance as homogeneous catalysts in oxidation reactions      

[16-19].  Manganese complexes are also studied for their magnetic behavior.  

The chemistry of manganese, in various oxidation states of the metal and in 

various combination of nitrogen and oxygen donor environment, is presently 

witnessing intense activity [20-22]. The common oxidation states of manganese 

are +2, +3, +4, +6 and +7, though oxidation states from +1 to +7 are observed.  

The most common and stable oxidation state of manganese is +2.  Majority 

of manganese complexes are high spin paramagnetic d5 systems and are 

colored.   
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This chapter describes the syntheses and characterization of five 

nickel(II), three cobalt(II) and two manganese(II) complexes of N4-substituted 

semicarbazones, HL1 and HL2.   

6.2. Experimental 
6.2.1.  Materials 

The syntheses of the semicarbazones, HL1 and HL2 have been 

described already in Chapter 2.  Nickel(II) acetate tetrahydrate, nickel(II) 

chloride hexahydrate, potassium thiocyanate, nickel(II) sulfate, cobalt(II) 

bromide, cobalt(II) acetate tetrahydrate, cobalt(II) perchlorate hexahydrate, 

manganese(II) chloride tetrahydrate and manganese(II) perchlorate 

hexahydrate were commercial products of higher grade (Aldrich) and 

reagents used were of Analar grade and used without further purification.   

6.2.2. Synthesis of complexes 
[NiL1

2]·H2O (24) 

Ni(OAc)2·4H2O (0.124 g, 0.5 mmol) in 20 ml of methanol was added 

to methanolic solution of HL1 (0.317 g, 1 mmol) and refluxed for 3 h.  The 

compound formed was filtered, washed with ether and dried over P4O10 in 

vacuo. 

Yield ~0.45 g. 

[NiL1SCN]·H2O (25) 

A solution of the semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml was 

refluxed with solution of Ni(OAc)2·4H2O (0.248 g, 1 mmol) in the same 

solvent for 1 h.  Methanolic solution of KSCN (0.097 g, 1 mmol) was then 

added to the solution followed by a further refluxing for 3 h.  The 

compound formed was filtered, washed with ether and dried over P4O10 in 

vacuo. 

Yield ~0.35 g. 
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[Ni(HL1)Cl2]·4H2O (26)   

Methanolic solutions of HL1 (0.317 g, 1 mmol) and NiCl2·2H2O (0.166 

g, 1 mmol) were refluxed for 4 h.  The compound formed was filtered, washed 

with ether and dried over P4O10 in vacuo. 

Yield ~0.30 g. 

[NiL2
2] (27) 

Ni(OAc)2·4H2O (0.124 g, 0.5 mmol) in 20 ml of methanol was added to 

solution of HL2 (0.290 g, 1 mmol) in DMF and refluxed for 3 h.  The 

compound formed was filtered, washed with ether and dried over P4O10 in 

vacuo. 

Yield ~0.40 g. 

[Ni(HL2)(SO4)]·4H2O (28)                    

HL2 (0.290 g, 1 mmol) was dissolved in DMF and refluxed with a 

solution of NiSO4 (0.223 g, 1 mmol) in 20 ml of methanol.  The compound 

formed was filtered, washed with ether and dried over P4O10 in vacuo. 

Yield ~0.45 g. 

[CoL1Br]·H2O (29)  

Methanolic solutions of HL1 (0.317 g, 1 mmol) and CoBr2 (0.218 g, 1 

mmol) were refluxed for 4 h.  The compound formed was filtered, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.30 g. 

[CoL2OAc] (30) 

Co(OAc)2·4H2O (0.249 g, 1 mmol) in 20 ml of methanol was added to 

solution of HL2 (0.290 g, 1 mmol) in DMF and refluxed for 4 h.  The compound 

formed was filtered, washed with ether and dried over P4O10 in vacuo. 

Yield ~0.45 g. 
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[CoL2ClO4]·DMF (31) 

Co(ClO4)2·6H2O (0.365 g, 1 mmol) in 20 ml of methanol was added to 

solution of HL2 (0.290 g, 1 mmol) in DMF and refluxed for 4 h.  The compound 

formed was filtered, washed with ether and dried over P4O10 in vacuo. 

Yield ~0.45 g. 

[MnL1(HL1)]ClO4 ·4H2O (32) 

A solution of semicarbazone, HL1 (0.317 g, 1 mmol) in 20 ml of 

methanol was treated with a methanolic solution of manganese(II) 

perchlorate hexahydrate (0.361 g, 1 mmol).  The solution was heated under 

reflux for 4 h after adding three drops of triethyl amine.  The resulting 

solution was allowed to stand at room temperature and upon slow 

evaporation complex is separated out, which was collected, washed with 

ether and dried over P4O10 in vacuo. 

Yield ~0.30 g. 

[Mn(HL2)Cl]Cl·2H2O (33)     

A solution of the semicarbazone, HL2 (0.317 g, 1 mmol) in DMF is 

mixed with a methanolic solution of manganese(II) chloride tetrahydrate 

(0.290 g, 1 mmol) and the mixture was heated under reflux for 4 h after adding 

three drops of triethyl amine.  The resulting solution was allowed to stand at 

room temperature and the complex was formed upon slow evaporation.  The 

complex separated out was collected, washed with ether and dried over P4O10 

in vacuo.   

Yield ~0.40 g. 

6.2.3. Analytical methods 

Elemental analyses were carried out using a Vario EL III CHNS 

analyzer at the SAIF, Kochi, India.  Infrared spectra were recorded on a 

Thermo Nicolet AVATAR 370 DTGS model FT-IR Spectrophotometer with 
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KBr pellets at the SAIF, Kochi, India.  Electronic spectra were recorded on a 

Cary 5000 version 1.09 UV-VIS- NIR Spectrophotometer using solutions in 

DMF.  EPR spectra of manganese(II) complexes were recorded in 

polycrystalline state at 298 K and in DMF at 77 K.   

6.3. Results and discussion  

The analytical data of all the complexes are listed in Table 6.1.  

Semicarbazones, HL1/HL2 react with corresponding metal(II) salts in the 

molar ratio 2:1 to form compounds 24 and 27, whereas in all other 

compounds this molar ratio is 1:1.  Semicarbazones coordinated in the keto 

form in complexes 26, 28 and 33 but in complex 32 one molecule of HL1 

undergoes deprotonation which is evident from spectral studies.  The molar 

conductivities of the complexes in DMF (10-3 M) solutions were measured 

at 298 K with a Systronic model 303 direct-reading conductivity bridge, 

which show that all Ni(II) and Co(II) complexes, 24-31 are non-conductive 

so that the anions are present inside the coordination sphere and get 

coordinated with metal ion.  But in Mn(II) complexes 32 and 33 anions are 

present outside the coordination sphere which is supported by the 

conductivity measurement study.  The magnetic moments of the complexes 

were calculated from the magnetic susceptibility measurements at room 

temperature. All Ni(II) complexes, 24-28 are paramagnetic and the 

effective magnetic moments are found to be in the range 2.59-2.99 B.M.  

Square planar complexes [CoL1Br]·H2O (29) and [CoL2ClO4] (31) have 

magnetic moments 2.79 and 2.86 B.M. respectively.  This may be arising 

from one unpaired electron plus an apparently large orbital contribution.  

Tetrahedral complex [CoL2OAc] (30) has magnetic moment 5.41 B.M. 

which is due to the presence of three unpaired electrons.  Mn(II) complexes 

32 and 33 are paramagnetic.   
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Table 6.1. Colors, elemental analyses, magnetic susceptibilities and 
molar conductivities of Ni(II), Co(II) and Mn(II) 
complexes of HL1 and HL2. 

 
Found (Calculated) % Compound                            Color C          H            N µ (B.M.) ΛM

a 

[NiL1
2]·H2O (24) 

 
Brown 60.33 

(60.95) 
3.80 

(4.26) 
20.17 

(19.74) 
2.94 1 

[NiL1SCN]·H2O (25) 
 

Green 50.10 
(50.58) 

3.70 
(3.57) 

17.95 
(18.63) 

2.59 30 

[Ni(HL)1Cl2]·4H2O (26) 
 

Green 41.88 
(41.66) 

4.19 
(4.47) 

13.58 
(13.49) 

2.68 33 

[NiL2
2] (27) 

 
Brown 63.75 

(63.67) 
4.15 

(4.71) 
17.59 

(17.47) 
2.99 1 

[Ni(HL2)(SO4)]·4H2O (28) 
 

Orange 38.98 
(39.33) 

4.43 
(4.66) 

10.42 
(10.79) 

2.60 20 

[CoL1Br]·H2O (29) Brown 45.70 
(45.69) 

4.10 
(3.41) 

14.91 
(14.80) 

2.79 5 

[CoL2OAc] (30) brown 55.03 
(55.48), 

4.62 
(4.90) 

13.84 
(13.62) 

5.41 2 

[CoL2ClO4]·DMF (31) Black 46.06 
(45.95) 

3.91 
(4.24) 

12.91 
(13.40) 

2.86 10 

[MnL1(HL1)]ClO4·4H2O(32) 
 

Brown 50.08 
(50.27) 

3.68 
(4.34) 

16.16 
(16.28) 

5.6 84 

[Mn(HL2)Cl]Cl·2H2O (33) 
 

Brown 54.54 
(55.00) 

3.80 
(4.34) 

14.87 
(15.09) 

5.5 88 

a = ohm-1 cm2 mol-1 

6.3.1. Infrared spectra 

The significant bands observed in the IR spectra of complexes of HL1 

and HL2 with the tentative assignments are presented in Table 6.2.  IR spectra 
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of complexes are presented in Figures 6.1-6.10.  The comparison of the IR 

spectra of the semicarbazones and the complexes revealed significant 

variations in the characteristic bands due to coordination with the central metal 

ion.  It is found that the azomethine v(C=N) band suffered a negative shift in 

the region 1528-1568 cm-1 in the complexes 24-28.  The shifting of the 

azomethine band to lower frequency is attributed to the conjugation of the p 

orbitals on the double bond with the d orbital on the metal ion with 

reduction of the force constant.  The bands observed in the region 1583-

1599 cm-1 in the IR spectra of complexes 24, 25 and 27 are assigned to the 

newly formed C=N as a result of enolization of the semicarbazones on 

coordination.  These bands are absent in the compounds 26 and 28, which 

suggest the coordination of the semicarbazones in these complexes in the 

neutral keto form.  This is again supported by the presence of bands at 1610 

and 1701 cm-1 respectively for the complexes 26 and 28, attributed to 

v(C=O).  The presence of bands at 3245 and 3379 cm-1 in the spectra of the 

complexes 26 and 28 is assigned to va(NH) vibrations of the imino group.  

The coordination through the azomethine nitrogen is further evidenced by 

the v(Ni–Nazo) bands in the region 502-509 cm-1 for the complexes 24-28.  

In the complexes 24-28, the v(N–N) frequency shifts to 1136-1153 cm-1 

which also support coordination through azomethine nitrogen in all the 

complexes. 

[NiL1SCN]·H2O (25) exhibits a sharp band at 2065 cm-1 and a medium 

band at 697 cm-1 correspond to v(CN) and v(CS) of SCN group respectively.  

This shows monodentate S bonded thiocyanate group.  We can distinguish the 

nature of the linkage of the sulfate anion in the complex depending upon the 

mode of coordination of the sulfate anion [23].  The presence of bands at 1117, 

1228 and 1032 cm-1 indicates bidentate chelating nature of the sulfato anion in 

the complex [Ni(HL2)(SO4)]·4H2O (28).   
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Figure 6.1. IR spectrum of the compound [NiL1

2]·H2O (24). 

 

 
Figure 6.2. IR spectrum of the compound [NiL1SCN]·H2O (25). 
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Figure 6.3. IR spectrum of the compound [Ni(HL)1Cl2]·4H2O (26). 

 
Figure 6.4. IR spectrum of the compound [NiL2

2] (27). 
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Figure 6.5. IR spectrum of the compound [Ni(HL2)(SO4)]·4H2O (28). 

 

In the Co(II) complexes 29-31 semicarbazones coordinated in the 

enolate form, which is evident from the absence of va(NH) vibration band.  The 

enolization of the semicarbazones in these complexes is further supported by 

the presence of newly formed bands in the range 1597-1604 cm-1 which is 

assigned to the newly formed C=N.  The coordination of azomethine nitrogen 

to the metal center causes the azomethine band, v(C=N) to be shifted to lower 

wavenumbers.  This red shift is observed in the range 1559-1567 cm-1 for the 

complexes 29-31.  The presence of v(Co–Nazo) bands at 505, 508 and 509 cm-1 

in complexes 29-31 respectively confirm the coordination through azomethine 

nitrogen atom.  The change in v(N–N) value in the spectra of the complexes 

29-31 is observed in the range 1136-1148 cm-1.  In the complex [CoL2OAc] 

(30), symmetric and asymmetric stretching modes of acetate group are 

observed at 1371 and 1534 cm-1 respectively.  The compound [CoL2ClO4]. 

DMF (31) displays two bands at 1164 and 1122 cm-1 and a strong band at 624 

cm-1 and a weak band at 870 cm-1 indicating the presence of coordinated 
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perchlorate.  The band at 1164 cm-1 is assignable to v3(ClO4) and bands at 624 

and 870 cm-1 are assignable to v4(ClO4) and v1(ClO4) respectively.   

 
Figure 6.6. IR spectrum of the compound [CoL1Br]·H2O (29). 

 
Figure 6.7. IR spectrum of the compound [CoL2OAc] (30). 
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Figure 6.8. IR spectrum of the compound [CoL2ClO4]·DMF (31). 

The new band seen at 1570 cm-1 for 32 is assigned to the newly formed 

C=N due to the deprotonation of the semicarbazone, HL1.  The coordination 

through the azomethine nitrogen is further evidenced by the v(Mn–Nazo) peaks in 

the region 503-508 cm-1 for the complexes 32 and 33.  In the complex 32 the v(N–

N) frequency shifts to 1148 cm-1 and in the complex 33 to 1153 cm-1.  These shifts 

in the v(N–N) frequencies also support coordination through azomethine nitrogen 

in all the complexes.  In the complexes 32 and 33 the presence of bands at 1669 

and 1702 cm-1 respectively indicates the existence of keto form of the 

semicarbazones and small shift in the frequencies suggest the coordination 

through keto oxygen atom.  The bands at 3365 and 3380 cm-1 for the complexes 

32 and 33 respectively are assigned to va(NH) vibrations of the imino group, 

indicate that the semicarbazones are coordinated in the neutral form.  In these 

complexes the bands at 503 and 508 cm-1 are assignable to v(Mn–O), consistent 

with keto oxygen coordination.  The perchlorate complex 32 shows a band at 1098 

cm-1 which can be assigned to v3(ClO4) and the presence of a band at 623 cm-1, 

assignable to v4(ClO4), suggests the presence of free perchlorate anion [24].   
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Figure 6.9. IR spectrum of the compound [MnL1(HL1)]ClO4·4H2O (32). 

 
Figure 6.10. IR spectrum of the compound [Mn(HL2)Cl]Cl·2H2O (33). 
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6.3.2. Electronic spectra 

The electronic spectral data of the complexes in DMF are summarized in 

Table 6.3 and the electronic spectra are shown in Figures 6.11-6.19.  The 

intraligand electronic transitions of semicarbazones, HL1 and HL2 suffered 

considerable shift on coordination.  The shift of the intraligand bands to longer 

wavelength region in the complexes is the result of weakening of C–O bond and 

the conjugation system being enhanced upon complexation [25]. In the 

electronic spectra of compounds 24-28 bands in the region 30680-32790 cm-1 

are assigned as intraligand transitions.  The intense bands observed in the range 

23260-24630 cm-1 are assigned as O→Ni LMCT transitions.  The ground state 

of Ni(II) in an octahedral coordination is 3A2g and expects three spin allowed 

transitions 3T2g(F)←3A2g(F)(v1), 3T1g(F)← 3A2g(F)(v2) and 3T1g(P)← 3A2g(F)(v3) 

in an increasing order of energy.  However we could not isolate these bands, 

probably due to the presence of high-intensity charge transfer bands.  The d-d 

bands are appearing as weak shoulders in the region 15650-16450 cm-1.   

In the electronic spectra of Co(II) complexes 29-31 the intraligand 

transitions were observed in the range 28820-30300 cm-1, which shows a red 

shift.  Charge transfer bands were observed in the range 21660-25060 cm-1, 

which are intense and due to the combination of O→Co and N→Co LMCT 

transitions.  The ground state in a Co(II) tetrahedral is 4A2 and the possible 

transitions are 4T2←4A2, 4T1(F)←4A2 and 
4T1(P)←4A2.  Usually, 4T1(F)←4A2 

and 
4T1(P)←4A2 transitions appear as multiple absorption in the near infrared 

and visible regions respectively.  The electronic spectra of four coordinate 

square planar complexes of Co(II) is similar to that of the low spin five 

coordinate Co(II) complexes.  This gives rise to mainly two absorption bands 

corresponding to 2E←2A1 at higher and 2B1←2A1 at lower energy regions.  

However, in the electronic spectra of the complexes, 29-31, d-d transitions 

appear as shoulders in the region 13000-13700 cm-1.   
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The ground state of high spin octahedral Mn(II) complex is 6A1g.  As 

there are no other terms of sextet spin multiplicity, spin allowed d-d transitions 

are not expected. However, some forbidden transitions occur such as 
4Eg(G)←6A1g, 4Eg(D)←6A1g, 4T1g(G)←6A1g, 4T2g(G) ←6A1g. Also for octahedral 

complexes, transitions are Laporte forbidden.  Thus doubly forbidden transitions 

are extremely weak.  In the present compounds d-d bands are very weak due to 

their low intensity.  These broad bands are at ca. 12000 cm-1 (Figures 6.20-6.22).  

In the Mn(II) complexes 32 and 33 high intense transitions are observed at ca. 

24000 cm-1 which are assumed to be due to the ligand to metal charge transfer 

transitions.   
 

Table 6.3. Electronic spectral assignments of Ni(II), Co(II) and 
Mn(II) complexes 

 

   Compound                                                            Absorbance λmax (cm-1) 
 

[NiL1
2]·H2O (24)                                     32150, 25190, 16260  

[NiL1NCS]·H2O (25)                                           32150, 24630, 16160 

[Ni(HL1)Cl2]·4H2O (26)                                      32790, 24330, 16450 

[NiL2
2] (27)                                                        31450, 23310, 15650 

[Ni(HL2)(SO4)]·4H2O (28)                                 30680, 23260, 16260 

[CoL1Br]·H2O (29)                                            30300, 24040, 13700 

[CoL2OAc] (30)                                                 30120, 25060, 13180 

[CoL2ClO4]·DMF (31)                                       28820, 216450, 13000 

[MnL1(HL1)]ClO4·4H2O (32)                             32260, 24040, 13290 

[Mn(HL2)Cl]Cl·2H2O (33)                                31450, 28650, 13250 
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Figure 6.11. Electronic spectrum of the compound [NiL1

2]·H2O (24). 

    
Figure 6.12. Electronic spectrum of the compound [NiL1SCN]·H2O (25). 
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Figure 6.13. Electronic spectrum of the compound [Ni(HL)1Cl2]·4H2O (26). 

          
Figure 6.14. Electronic spectrum of the compound [NiL2

2] (27). 
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Figure 6.15. Electronic spectrum of the compound [Ni(HL2)(SO4)]·4H2O (28). 

 
Figure 6.16. Electronic spectrum of the compound [CoL2OAc] (30). 
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Figure 6.17. Electronic spectrum of the compound [CoL2ClO4]·DMF (31). 

 
Figure 6.18. Electronic spectrum of the compound [MnL1(HL1)]ClO4·4H2O (32). 
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Figure 6.19. Electronic spectrum of the compound [Mn(HL2)2]Cl2·2H2O (33). 

 
 Figure 6.20.  Electronic spectrum of the compound [NiL1

2]·H2O (24) in 
the visible region. 
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Figure 6.21. Electronic spectrum of the compound [NiL1SCN]·H2O 

(25) in the visible region. 
 

         
Figure 6.22. Electronic spectrum of the compound [CoL2ClO4]·DMF 

(31) in the visible region. 
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6.3.3. Electron paramagnetic resonance spectra 

The spin Hamiltonian for the high spin Mn(II) is expressed as  

= gβBS + D[Sz
2–S(S+ l)/3] + E(Sx

2-Sy
2) 

Where, B is the magnetic field vector, g is the spectroscopic splitting factor, β 

is the Bohr magneton, D is the axial zero field splitting parameter, E is the 

rhombic zero field splitting parameter and S is the electron spin vector [26].  If 

D and E are both zero, then the only contributor to the spectrum is the first-

order Zeeman term and the result for Mn2+ is an isotropic spectrum, with a 

single six line signal with geff  near 2.0.  In weak fields, Mn(II) centers give a 

single transition at g=2, which is split into six hyperfine lines by the 55Mn 

nuclear spin (I=5/2).  However, simple spectra of this type are indicative of a 

cubic ligand field where the zero field splitting parameter D is negligible and 

all of the ∆Ms = ±1 transitions are degenerate, as a result.  For a small but finite 

value for D and E, the degeneracy is removed and the spectrum exhibits 

fivefold fine structure.  

If D is very large only one transition is expected.  However, for the case 

where D or E is very large, the lowest doublet has effective g values of g|| = 2, 

g⊥= 6 for D ≠0 and E=0 but for D=0 and E≠0, the middle Kramer’s doublet has 

an isotropic g value of 4.29.   

For the compound [MnL1(HL1)]ClO4·4H2O (32) and [Mn(HL2)Cl]Cl·2H2O 

(33) the X-band EPR spectra were recorded in polycrystalline state at 298 K and 

in frozen DMF at 77 K.  The EPR spectrum of compound 32, in polycrystalline 

state at 298 K has two signals with g values 2.011 and 2.514, whereas compound 

33 has g value 2.070 (Figures 6.23 and 6.24).  
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Figure 6.23. EPR spectrum of the compound [MnL1(HL1)]ClO4·4H2O 

(32) in polycrystalline state at 298 K. 
 

 
Figure 6.24.  EPR spectrum of the compound [Mn(HL2)2]Cl2·2H2O 

(33) in polycrystalline state at 298 K. 
 

In the spectra from DMF solutions at 77 K, a hyperfine sextet is 

observed with g values 2.005 and 2.004 respectively for compounds 32 and 33 

(Figures 6.25 and 6.26).  A values are 94.50 and 94.47 G respectively for 32 

and 33.  The six hyperfine lines are due to the interaction of the electron spin 

with nuclear spin (55Mn, I=5/2).  The observed g values are very close to the 
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free electron spin value of 2.0023 which is consistent with the typical 

manganese(II) system and also suggestive of the absence of spin orbit coupling 

in the ground state 6A1g without another sextet term of higher energy.  The D 

and E values for compound 32 are 350 and 120 mHz respectively. 

 
Figure 6.25.  EPR spectrum of the compound [MnL1(HL1)]ClO4·4H2O 

(32) at 77 K  (Experimental (red) and simulated best fit 
(blue) of the EPR spectra). 

 
Figure 6.26.  EPR spectrum of the compound [Mn(HL2)2]Cl2·2H2O 

(33) at 77 K (Experimental (red) and simulated best fit 
(blue) of the EPR spectra). 
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SUMMARY AND CONCLUSION 

 
 
 

The work presented in this thesis describes the synthesis, structural and 

spectral characterization of two novel N4-substituted semicarbazones of di-2-

pyridyl ketone and quinoline-2-carboxaldehyde and their metal complexes.  

The thesis is divided into six chapters.   

Chapter 1 

This chapter includes a brief prologue on semicarbazones and their 

transition metal complexes with an extensive literature survey relating 

the history, applications and recent developments.  This gives a detailed 

idea about bonding and stereochemistry of the semicarbazones.  The 

different analytical and spectroscopic techniques used for the analysis of 

the semicarbazones and metal complexes are discussed.   

Chapter 2 

This chapter deals with the syntheses and characterization of two NNO 

donor semicarbazones.  The semicarbazones synthesized are di-2-pyridyl 

ketone-N4-phenyl-3-semicarbazone (HL1) and quinoline-2-carboxaldehyde 

-N4-phenylsemicarbazone (HL2).  These semicarbazones are characterized 

by CHN analysis, IR, UV, 1H and 13C NMR techniques.  Single crystal X-

ray diffraction is also used for structural elucidation of quinoline-2-

carboxaldehyde-N4-phenylsemicarbazone (HL2).  HL2 crystallizes into an 

orthorhombic lattice space group P212121.  The molecule is almost planar 

and exists in the keto form in the solid state.  Spectral studies also reveal the 

existence of these semicarbazones in the keto form in solid state.   
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Chapter 3 

This chapter describes the syntheses and characterization of eight 

zinc(II) complexes of N4-substituted semicarbazones, HL1 and HL2.  For 

the characterization of these complexes we have used CHN analysis, IR, 

UV spectral studies and single crystal X-ray diffraction studies.  In the 

complexes [Zn(HL1)Br2] (1) and [Zn(HL1)Cl2] (2) the semicarbazone 

coordinates as neutral keto form whereas in all other complexes 

semicarbazones coordinate in monoanionic enolate form.  IR spectral 

data indicates that in zinc(II) complexes semicarbazones are tridentate, 

coordinated through keto/enol oxygen, azomethine nitrogen and 

pyridyl/quinolyl nitrogen atoms.  All the complexes are found to be 

diamagnetic as expected for a d10 Zn(II) system.  We isolated single 

crystals for X-ray diffraction studies for [Zn(HL1)Br2] (1), [ZnL1
2] (5) 

and [ZnL1
2]·0.3H2O (6).  The compound 1 crystallizes in monoclinic 

space group P21/n, compound 5 crystallizes  in   monoclinic space group 

P21/n whereas  compound 6 crystallizes in  orthorhombic  space  group 

P212121.  In compound 1 semicarbazone coordinates in keto form and in 

compounds 5 and 6 it undergoes deprotonation.  The compound 1 has 

distortion from square pyramidal geometry whereas compounds 5 and 6 

show distortion from octahedral geometry. [ZnL1
2] (5) and 

[ZnL1
2]·0.3H2O (6) are polymorphic.  d-d transitions are not found for 

zinc(II) complexes because of  d10 electronic configuration.   

Chapter 4                       

This chapter describes the syntheses and characterization of six 

cadmium complexes of N4-substituted semicarbazones using CHN 

analysis, infrared, electronic spectra and X-ray diffraction studies.  We 

isolated single crystals of three cadmium(II) complexes for X-ray 

diffraction studies.  [CdL1(OAc)]2·2CH3OH (9) crystallized in 
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orthorhombic space group pbca. In this compound semicarbazone 

undergoes deprotonation and cadmium(II) is hexacoordinated through 

enol oxygen, azomethine nitrogen, pyridyl nitrogens and oxygen atoms 

from acetate group.  The compound is centrosymmetric and due to the 

coordinating way of pyridyl nitrogen atoms a cyclic architecture is 

observed.  [Cd(HL2)Cl2] (13) crystallized in triclinic space group P-1. 

[Cd(HL2)Br2]·DMF (14) crystallized in monoclinic space group P21/c.  In 

these two compounds semicarbazone exists in keto form and cadmium(II) 

is pentacoordinated.  Both compounds have distortion from square 

pyramidal geometry.   

Chapter 5 

This chapter deals with the syntheses and characterization of mononuclear 

and binuclear copper(II) complexes with potential NNO donor ligands.  The 

methods used to characterize the complexes are CHN analyses, conductivity 

measurements, magnetic susceptibility measurements, IR, UV and EPR 

studies.  Mononuclear copper(II) complexes exhibit magnetic moments in 

the range 1.51-2.04 B.M., which are close to their spin-only value.  

Magnetic moment of binuclear copper(II) complexes lie in the range 1.12-

1.40 B.M.  The EPR spectra of all copper(II) complexes were recorded both 

in polycrystalline state at 298 K and in DMF at 77 K.  The g values and 

various EPR spectral parameters were calculated. In the complexes other 

than [CuL2N3]·CH3OH (22), the unpaired electron is present in the 22 yxd
−

 

orbital.  The ||g  > g⊥ values accounts to the distorted square based pyramid 

structure in five coordinated complexes.  For the four coordinated 

complexes ||g  > g⊥ suggest a square planar geometry.  The ||g  values in all 

these complexes are less than 2.3 which is an indication of covalent 

character for M–L bond in these complexes. 
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Chapter 6 

This chapter deals with the syntheses and characterization of nickel(II), 

cobalt(II) and manganese(II) compounds.  The methods used to 

characterize the complexes are CHN analyses, conductivity 

measurements, magnetic susceptibility measurements, IR, UV and EPR 

studies.  Five nickel(II) complexes were synthesized and in these 

complexes semicarbazones act as tridentate ligands.  Spectral studies 

support the tricoordination of the semicarbazone. Three cobalt(II) 

complexes and two manganese(II) complexes were also synthesized and 

characterized.  
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