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PREFACE 

The interaction of transition metal ions with biologically active 

ligands provides one of the most fascinating areas of coordination 

chemistry. Metal chelation has spurred interest in the present day in 

medicine and chemical investigations. 

Recently, inorganic chemistry witnessed a great outflow of 

coordination compounds, with unique structural characteristics and 

diverse applications. The diversity in structures exhibited by the 

coordination complexes of multi dentate ligands have led to their usage 

as sensors, models for enzyme mimetic centers, medicines etc. The 

present work deals with the complexation of Schiff bases with various 

transition metal ions in presence of pseudohalides like azide and 

thiocyanate. Schiff bases exhibit a wide variety of properties like 

antimicrobial, antifungal and anticancer activities and are useful as 

catalysts in many reactions. The pseudohalogens azide and thiocyanate 

have been demonstrated to be versatile bridging ligands. They are 

excellent candidates for the design of molecule based magnetic 

materials. In addition, the azide and thiocyanate anions are observed to 

inhibit several enzymes like A TPases, cytochrome C oxidase, human 

carboxy peptidase etc. This makes the study of the metal complexes of 

these anions very useful for the understanding of biological processes. 

The use of these anions in conjugation with the Schiff bases for the 

synthesis of metal complexes can bring about interesting results. 



Coordination complexes of transition metal ions like copper, 

manganese, nickel, cobalt and cadmium have been synthesized. 

Various spectral techniques have been employed for characterization of 

the metal complexes. The structures of some of the complexes have 

been established by single crystal X-ray diffraction studies. 

This Ph.D thesis contains the description of the work done by the 

researcher from March 2004 to October 2008. The work done is 

presented in seven chapters and a brief summary and conclusions is 

also included in the last part of the thesis. 



(!~apt~r 1 

Transition metal wmpl~xes of Schiff bases 
and pseudobalogen'8, their bonding .aspects 
and applications -----------------------------------------------01 - 16 

1.1 Introduction 01 
1.2 Importance of Schiff bases 02 
1.3 The pseudohalogens - azide and thiocyanate 05 

1.3.1 The azide anion 05 
1.3.2 The thiocyanate anion 08 

1.4 Objectives of the present work 09 
1.5 Physical measurements 10 

References 11 

(!~apkr 2 

Syntheses ofbidentate SchUfbase Ugands-
Charaderisaiion t)f the ligand d-eriwd fnnn 
1~hydroxy-4-meth():xyb~n:taldebyd"e :and anilin-e----------17 - 30 

2.1 Introduction 17 
2.2 Experimental 20 

2.2.1 Materials 20 
2.2.2 Syntheses of ligands 20 

2.3 Results and discussion 24 

2.3.1 Characterisation of the ligand Hhmba 24 

2.3.1a Electronic spectrum 24 
2.3.1h Infrared spectrum 25 
2.3.1c 1 H NMR spectral studies 26 

References 27 



<!bapt~r 3 

Syn~ struduraland spectral investigations of 
'Copper(ll) complexes ofSthiffbas-es with 
~zitle :and thiocyanate-----------------·----31 - 114 

3.1 Introduction 31 
34 
34 

3.2 Stereochemistry 
3.3 Experimental 

3.3.1 
3.3.2 

Materials 
Preparation of copper(lI) complexes 

34 
35 

3.4 Results and discussion 40 

<!bapt~r 4 

3.4.1 

3.4.2 
3.4.3 

Crystallographic data collection and 
structure analysis 
Crystal structure 
Spectral characteristics of Cu(II) 
complexes 

43 
43 

49 

3.4.3a Electronic spectra 49 
3.4.3b Electron paramagnetic spectra 62 
3.4.3c IR spectral studies 93 

References 108 

Synth.ests; ~ttudtt:ral and sp~~tl1l1 investigations t)f 
mtlnpn(>,'StXIl) romplexes ofSthift ba~ with 
azid~ :and thiotyana~-.. - 115 - 148 

4.1 Introduction 115 
4.2 Stereochemistry 117 
4.3 Experimental 117 

4.3.1 Materials 117 
4.3.2 Syntheses ofmanganese(II) complexes 117 

4.4 Results and discussion 119 
4.4.1 Crystallographic data collection and 

structure analyses 120 
4.4.2 Crystal structures 121 



<t~a"tu 5 

4.4.3 Spectral characteristics of Mn(H) 
complexes 
4.4.3a Electronic spectra 
4.4.3b EPR spectra 
4.4.3c IR spectral st1ldies 

References 

Syntheses, struttural :and 'Sp'ectral investigations of 
nickel(1I) ~omptexesofSchiff bases with 

131 
131 
132 
140 

144 

azide and thi()tyan~ate.."'''"''''''''''''''-''''''''''''''''~''''''''''-''''''-~'''·''''''''''~''149 ... 1"74 

5.1 Introduction 
5.2 Stereochemistry 
5.3 Experimental 

5.3.1 Materials 
5.3.2 Syntheses ofnickel(II) complexes 

5.4 Results and discussion 

5.4.1 Crystallographic data collection and 
structure analysis 

5.4.2 Crystal structure 
5.4.3 Spectral characteristics of nickel 

complexes 

5.4.3a Electronic spectra 
5.4.3b IR spectra 

References 

<t~a"tu6 

Synth~ $tnl~tural and spt~tralinvestigations of 
~batt(Ilall) eomplexes ·of Sthift ba$tS with 

149 
150 
151 

151 
151 

154 

155 
155 

161 

161 
163 

171 

azidtandthiooyanate -175-218 

6.1 Introduction 
6.2 Stereochemistry 

175 
176 



6.3 Experimental 177 

6.3.1 Materials 177 
6.3.2 Syntheses of cobalt complexes 177 

6.4 Results and discussion 181 

6.4.1 Crystallographic data collection and 
structure analysis 183 

6.4.2 Crystal Structures 184 
6.4.3 Spectral characteristics of cobalt complexes 197 

6.4.3a Electronic spectra 197 
6.4.3b IR spectral studies 202 

References 214 

<t:l,apter 7 

Synthest~ structural and ~'Peetral investig~ti()ns ()"f 
eadmiuru.(II) complex'e'S ofScwffba'Se5 with 
azide and thio~yanare---.. -~----.. ~------.. -21'9 .. 246 

7.1 Introduction 219 
7.2 Stereochemistry 222 
7.3 Experimental 222 

7.3.1 Materials 222 
7.3.2 Preparation of cadmiwn(II) complexes 222 

7.4 Results and discussion 225 

7.4.1 Crystallographic data collection and 
structure analysis 226 

7.4.2 Crystal structure 227 
7.4.3 Spectral characteristics ofCd(II) complexes 232 

7.4.3a IH NMR spectra 232 
7.4.3b Electronic spectra 237 
7.3.2c IR spectral studies 238 

References 243 

<t~apt~t$ 

Summary and COl'I.clusiOcD.s -------..... ----------~47 .. l51 



Transition metal complexes of Schiff bases 
and pseudohalogens, their bonding aspects 

an~ ~vplications 

1.1 Introduction 

Metallo-organic chemistry, incorporating the frontiers of both 

inorganic and organic chemical aspects, is a topic of utility concern. 

The first exploration of coordinated metal complexes dates back to the 

nineteenth century, during the days of Alfred Werner [1]. Thereafter, 

the inorganic chemistry witnessed a great outflow of coordination 

compounds, with unique structural characteristics and diverse 

applications. In the modern ages, the stereochemistry of most of the 

coordination compounds can be explored by accommodating the 

concepts of electronic energy levels and bonding, but however there are 

several instances where unusual structures and theoretical challenges 

are observed. 

The stereochemistry of coordination compounds is one of the 

major interests of the coordination chemist. Coordination complexes 

can assume a wide variety of structures depending on the metal ion, its 

coordination number and the denticity of the ligands used. The ligands 

also range from monodentate to polydentate based on the potential 

donor sites available in their structural skeleton. The presence of more 
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electronegative nitrogen, oxygen or suI fur atoms on the ligand structure 

is established to enhance the coordinating possibilities of ligands. 

Hence there has been a continuous quest over the many years for 

nitrogen or suI fur donor ligands, which possess a variety of 

coordination possibilities. 

Hugo Schiff described the condensation between a carbonyl 

compound and an amine leading to a Schiff base in 1864 [2]. A Schiff 

base contains the azomethine group, -CH=N- and is obtained as per 

the following scheme: 

o 
11 

R--NH2 + R1-C-R2 ----... ~ 

Schiff Base 

where R, RI and R2 may be alkyl or aryl groups. If the reactant is an 

aldehyde, the group R2 will be hydrogen. Schiff bases of aliphatic 

aldehydes are relatively unstable and readily polymerizable [3,4], while 

those of aromatic aldehydes having effective conjugation are more 

stable [5,6]. Schiff bases prepared from aromatic amines are known as 

anils. 

1.2 Importance of Schiff bases 

Schiff base ligands are able to coordinate metals through imine 

nitrogen and another group, usually linked to the aldehydelketone. 

Modem chemists still prepare Schiff bases, and nowadays active and 

well·designed Schiff base ligands are considered 'privileged ligands' [7] 

2 
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because they are easily prepared by the condensation between 

aldehydes and amines. Synthetic catalysts which are enantioselective 

over a wide range of different reactions were defined as 'privileged' by 

Jacobsen. Schiff base ligands are able to coordinate many different 

metals, and to stabilize them in various oxidation states, enabling the 

use of Schiff base metal complexes for a large variety of useful 

catalytic transfonnations. Stereogenic centers or other elements of 

chirality (planes, axes) can be introduced in the synthetic design. 

Schiff bases are interesting due to their preparational 

accessibilities, structural varieties and varied denticities [8-18]. Metal

organic frameworks are widely regarded as promising materials for 

application in catalysis, separation, magnetism and molecular 

recognition [19-30]. One of the possible approaches to the synthesis of 

such compounds can be carried out from coordination chemistry. 

Metal complexes of Schiff bases are useful in the catalysis of 

many reactions like carbonylation, hydroformylation, reduction, 

oxidation, epoxidation and hydrolysis etc [31]. This is due to the fact 

that Schiff bases offer opportunities for inducing substrate chirality, 

tuning the metal centered electronic factor, enhancing the solubility and 

stability of either homogeneous or heterogeneous catalysts. The 

flexibility of disposition of different donor sites is the secret behind 

their successful performance in mimicking peculiar geometries around 

the metal centers, leading to very interesting spectroscopic properties 

with varied magnetic activities [32]. Optically active Schiff base 
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complexes are especially important due to their importance as catalysts 

in several industrial redox processes [33-37]. 

Schiff bases are important in enzyme catalysis for three reasons 

(at least). They maintain the oxidation state of the carbonyl group. 

They fonn a covalent bond to the substrate, so that the substrate cannot 

diffuse away in the middle of the reaction. And they act as electron 

sinks and sources for further chemistry. 

Antimicrobial and antifungal activities of various Schiff bases 

have also been reported [38,39]. Sahu et al. [40] reported fungi toxicity 

of some Schiff bases. Gawad et al. [41] synthesized some Schiff bases 

and observed high antimicrobial activities. Many Schiff bases are 

known to be medicinally important and are used to design medicinal 

compounds [42-44]. 

Metal complexes with nitrogenous Schiff bases are becoming 

increasingly relevant for their biochemical, analytical and antimicrobial 

activities [45-47]. It has been shown that Schiff base complexes 

derived from 4-hydroxysalicylaldehyde and arnines have strong 

anticancer activity, e.g. against Ehrlich Ascites Carcinoma (EAC) [48]. 

It is well known that some drugs have greater activities when 

administered as metal complexes than as free organic ligands only [49]. 

A large number of reports are available on the biochemistry and the 

microbial activities of transition metal complexes containing 0, N and 

S, N donor atoms. The transition metal complexes having oxygen and 

nitrogen donor Schiff bases possess unusual configuration, structural 

4 
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lability and are sensitive to molecular environment [49]. The 

environment around the metal center as coordination geometry, number 

of coordinated ligands and their donor groups are the key factors for 

metallo-proteins to carry out specific physiological functions [50]. 

1.3 The pseudohalogens - azide and thiocyanate 

The synthesis ofpseudohalide complexes of metals is a subject of 

much interest, and intensive investigations have taken place as a result 

of their diverse structures and potential applications in magnetic 

materials_ Pseudohalide anions are excellent ligands for obtaining 

discrete, one-dimensional, two-dimensional or three-dimensional 

systems. Indeed, both anions have been frequently used as crystallizing 

agents in protein crystal growth [51] and, much more importantly, are 

known to be competitive inhibitors in many enzymes. Both entities, 

thiocyanate and azide, are small, triatomic, linear mono anions wherein 

the negative charge can be localized on one of the terminal atoms or 

delocalized over the whole anion. 

1.3.1 The azide anion 

The azido-bridged complexes have attracted intense interest, due 

to the coordination versatility of the azido bridge and the magnetic 

diversity of the complexes [52-55]. Among all the pseudohalogens, the 

flexidentate azide ion is the most efficient ligand with regard to the 

superexchange pathways between the paramagnetic centers. The use of 

azide as a ligand affords a great variety of structural types spanning 

from discrete molecules to three-dimensional compounds [56-58]. The 

5 
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diversity and efficiency of azide lies in its functionality as a terminal 

monodentate or bridging bi-, tri- and tetradentate ligand [59,60]. The 

various coordination modes exhibited by the azide ion is depicted 

in Fig. 1.1. 

M M 
M M~ 

"NNN M ~NNN MjNNN ./ 
M M 

)1-1,1 M 

(end-on) j..l3-1,1,1 j..l4-1 ,1,1,1 

M M M M M ./M 
'NNN/ 'NNN/ 'NNN 

M/ ./ 
"M M 

11-1,3 
( end-to-end) j..l3-1,1,3 114-1,1,3,3 

Fig.l.l. Possible coordination modes of azide ion. 

The two major bidentate bridging modes observed are the Jl-l,l 

(end-on) and Jl-I,3 (end-to-end) azido modes; the latter offering the 

possibility of various geometric isomers. Several other less common 

modes have also been reported. The nature of the link in azido-bridged 

paramagnets is reflected in both size and sense of magnetic interaction 

thereby mediated. 

The remarkable ability of the azido ligand to transmit large ferro 

or antiferromagnetic interactions when adopting the end-on or end-to

end bridging modes makes it versatile. When the azido group acts as a 

bridging ligand with an end-on coordination mode the resulting 

complexes usually show ferromagnetic behavior [61-63], whereas 

6 
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end-to-end coordination results in antiferromagnetic behavior [63,64]. 

Finally, in complexes with asymmetric end-to-end azide bridges the 

interaction is either negligible [65] or weakly antiferromagnetic [66]. 

A small change in the coligands can lead to astonishing variation in the 

structure and properties of the resulting complexes [67]. 

Inorganic azides have long enjoyed industrial usefulness as 

detonators, generators of pure nitrogen gas in safety cushions (air bags) 

and photographic materials [68]. The ability of the azide ions to act as 

detonators or as effective generators of nitrogen gas has been found to 

be a property of the polarization of the ordinarily symmetric azide 

anion brought about by complexation with a metal ion. 

Besides, azide is also used as a ligand to study the interaction 

between small molecules and metal centres of metalloenzymes [69-71]. 

Since the azide group is bioactive [72] and the azide ion inhibits 

photosynthetic phosphorylation [73], phosphate transfer [74] and 

endogenous respiration P5], the complexes which contain azide as the 

ligand show some interesting behaviour. 

The azide ion, being very reactive, acts as an inhibitor in various 

biological systems by blocking the substrate binding sites [68]. In 

manganese biosystems, the azide ion is known to inihibit the 

superoxide dismutation in mononuclear superoxide dismutases via 

binding to the metal at the active site in both the Mn(II) and Mn(III) 

oxidation states [76]. The function of dinuc1ear active sites in Mn 

catalases, which catalyze the conversion of toxic peroxide to oxygen 

7 
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and water in certain bacteria, is also dramatically inhibited by 

azide [77-83]. 

The study of the transition metal complexes with Schiff bases and 

azide anion becomes interesting in view of all the above observations. 

1.3.2 The thiocyanate anion 

The ambidentate character of thiocyanate and its bidentate 

function give rise to a wide variety of coordination geometries [84,85]. 

The pseudohalide NCS- is known to coordinate to metals in both 

tenninal and bridging modes [13]. 

As a bridging ligand, the thiocyanate can link a pair of metal 

centers in either an end-on (l,l'-SCN, 1,1'-NCS) or end-to-end 

(l,3'-SCN) configuration. The thiocyanate anion may link a third or 

even fourth metal atom giving rise to a 1,1,3'-SCN or 1,1,1,3'-SCN 

mode (Fig. 1.2). 

The coordination through the soft base S of the thiocyanate ion 

appears to be common with second and third transition series metal 

ions of soft acid character. Owing to the two different donor groups 

(N and S) within it, the thiocyanate has less versatility and is less 

efficient as a transmitter of magnetic interactions than the azide. 

Thiocyanate complexes of various dimensionalities have been obtained 

[86,87]. The chemistry and bonding properties of transition metal

thiocyanate complexes have been the subject of several reviews [88]. 

8 
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1,3-Il-NCS l,l-)J.-SCN 1,1-I-t-NCS 

1,1,3-)J.-SCN 1,1,1,3-)J.-SCN 

Fig.l.2. Possible coordination modes of thiocyanate anion. 

Thiocyanate metal-coordination complexes have received special 

attention because they exhibit interesting electrochemical, magnetic, 

and photomagnetic properties [89,90]. In this regard, a great variety of 

thiocyanate-bridged extended networks have been prepared [90-95], in 

which thiocyanate ligands act as linkers between metals centers. 

1biocyanate plays a diverse role in the structural chemistry and the 

kinetics of the reaciions [96]. It is interesting that thiocyanates have been 

found in human biofluids, saliva and cerebrospinal fluid and recently it was 

established that psychological stress induces them in oral cavities [97,98]. 

1.4 Objectives of the present work 

The chemical properties of Schiff bases and their complexes are 

widely explored in recent years owing to their coordinative capability, 

their pharmacological activity, their catalytic activity and their use in 

bioinorganic chemistry. Also, the pseudohalides like azide and 

thiocyanate complexes have been widely investigated because of their 

capability to fonn a wide variety of structures. The pseudohalides are 
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also observed to act as inhibitors for many enzymes and proteins. This 

prompted us to investigate the transition metal complexes of Schiff 

bases, utilizing these pseudohaJides as the coligands. It is observed that 

even a small change in the secondary ligand used can cause astonishing 

variation in the properties of metal-pseudohalide complexes. With this 

in mind, we synthesized seven Schiff bases and used the Schiff bases to 

synthesize copper(II), manganese(JI), nickel(II), cobalt(II1III) and 

cadmium(II) complexes having azide/thiocyanate. The metal complexes 

were characterized by various spectroscopic techniques and by 

crystallographic studies_ Magnetic studies were also conducted. 

1.5 Physical measurements 

Elemental analyses were carried out on a Vario EL III elemental 

analyzer at Sophisticated Analytical Instruments Facility, CUSAT, Kochi. 

The magnetic susceptibility measurements were done in the polycrystalline 

state at room temperature on a PAR model 155 Vibrating Sample 

Magnetometer at 5 k Oersted field strength at Indian Institute of 

Technology, Roorkee. IR spectra were recorded on a Therrno Nicolet 

AV AT AR 370 DTGS FT -IR spectrophotometer instrument using KBr 

pellets, in 4000-400 cm-l region at SAIF, CUSAT, Kochi. Electronic 

spectra were recorded on a Spectro UV-VIS Double Beam UVD-3500 

spectrophotometer in the 200-900 nm range. NMR spectra were recorded 

using Bruker AMX 400 FT-NMR Spectrometer using TMS as the internal 

standard at Sophisticated Instruments Facility, Indian Institute of Science, 

Bangalore. EPR spectral measurements were carried out on a Varian E-112 

10 
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X-band spectrometer using TCNE as standard at the SAIF, Indian Institute 

of Technology, Mumbai. 
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Syntheses of bidentate Schiff base ligands -
Characterisation of the ligand derived from 

" " __ "",,,,_,,~,~bY~~,~~<~:~,:~~thoxybenzald~~~r~~ and aniline 

2.1 Introduction 

The condensation of primary amines with carbonyl compounds yields 

Schiffbases that are regarded as one of the most potential group of chelators 

for the facile preparations of metallo-organic hybrid materials [1]. The 

exceptional qualities of Schiff bases such as facile syntheses, easily 

tunable steric, electronic properties and good solubility in common 

solvents have led to their extensive study [2]. In the past two decades, 

the synthesis, structure and properties of Schiff base complexes have 

stimulated much interest for their noteworthy contributions in the 

development of single molecule magnets, material science [3,4], 

catalysis of many reactions like carbonylation, hydroformylation, 

reduction, oxidation, epoxidation, hydrolysis etc [5-10]. This is due to 

the fact that Schiff bases offer opportunities for inducing substrate 

chirality, tuning the metal centered electronic factor, enhancing the 

solubility and stability of either homogeneous or heterogeneous catalysts. 

The flexibility of disposition of different donor sites is the secret behind 

their successful performance in mimicking peculiar geometries around 

the metal centers, leading to very interesting spectroscopic properties 

with varied magnetic activities [11]. Schiff bases also display biological 
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activity and play an important role in biological systems [12-16]. 

Moreover, Schiff bases are found to have wide applications as 

antibacterial, antiviral and antifungal agents [17]. 

Transition metal complexes containing pseudohalogens like azide 

or thiocyanate ions have been extensively investigated due to their 

excellent magnetic properties [18]. The use of Schiff bases as auxiliary 

ligands in such metal-pseudohalogen complexes lead to interesting 

results [19-27]. This is because even a very small change in the 

coligands can lead to astonishing variation in the structure and 

magnetism of the resulting complexes. The stereochemical properties 

of the coligands certainly influence the structural diversity of the metal 

complexes [26]. The metal-pseudohalogeno complexes containing 

Schiff base coligands are not as extensively investigated as the 

complexes without Schiffbases. 

In view of the above observations, the following seven Schiff 

base ligands were prepared by varying the aldehyde and the amine. 

18 

a. Pyridine-2-carbaldehyde-aniline (paa) 

b. Pyridine-2-carbaldehyde-l-phenylethylamine (pq.pe.a) 
/ , '-

c. Pyridine-2-carbaldehyde-2-aminopyrimidine '(paap) 
: ---'-, \, 

_. d. 2-Benzoylpyridine-aniline (bzpa) 

e. Di-2-pyridyl ketone-aniline (dpka) V' 

f. 

g. 

Quinoline-2-carbaldehyde-aniline( q aa) 

2-Hydroxy-4-methoxybenzaldehyde-aniline (Hhmba) 



______________ ~ ________ Scliiff6ases 

The structures of the seven ligand systems are shown below 

(Fig. 2.1). 

(j 
"~ 

N~.~. V ,/ .. ~ 

rjJaa I 

(j' 
"~ 
N~ .. V 

# 
N 

paap 

I 
N~ 

V 
dpka 

\ ' , \ 

() "pape. 

~~ 
N 

"'C~ 
bzpa 

qaa 

Hhmba 

Fig. 2.1. Structures of the ligands. 
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The ligands paa, papea, bzpa and qaa are neutral bidentate N, N 

donor ligands. The ligands paap and dpka are also neutral ligands, but 

they have additional N donors, which mayor may not be coordinated. 

If all the N atoms of these ligands coordinate to the same metal centre, 

paap and dpka becomes quadridentate and terdentate respectively. The 

involvement of the additional N atoms in coordination to the same 

metal is less probable because of their spatial disposition and the 

distance from the metal centre. The possibility of the formation of a 

bridged complex, utilizing these additional coordination sites, cannot 

however be neglected. The ligand Hhmba is monoprotic bidentate N, 0 

ligand, which usually coordinates to the metal through deprotonation. 

2.2 Experimental 

2.2.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), 2-benzoylpyridine 

(Sigma Aldrich), di-2-pyridyl ketone (Sigma Aldrich), quinoline-2-

carbaldehyde (Sigma Aldrich), 2-hydroxy-4-methoxybenzaldehyde 

(Sigma Aldrich), aniline (S. D. Fine), R-l-phenylethyl amine (Alfa 

Aeser), 2-aminopyrimidine (Sigma Aldrich) and methanol (Merck) 

were used as received. 

2.2.2 Syntheses of ligands 

Equimolar ratios of corresponding carbonyl compound and the 

amine were refluxed in a suitable solvent to obtain the ligand. Minor 

changes required in the case of each ligand, such as time required for 

the reaction, the use of catalysts etc were incorporated accordingly. 

The general scheme ofthe reaction (Scheme 2.1) is given below. 

20 



_____ Scfiijf 6aSiJ 

+ 
solvent 

reflux 

Scheme 2.1 

paa: A mixture of pyridine-2-carbaldehyde (0.107 g, 1 mmol) in 

methanol and aniline (0.093 g, 1 mmol) in methanol was refluxed for 2 

hours. The resulting yellow solution of the ligand after reflux was used 

directly for the synthesis of the complexes without further purification. 

OyH + 

o 

()H 
__ R_e_flU_X __ ~~~ 

Methanol 
N~ 

V 
Scheme 2.2 

papea: Pyridine-2-carbaldehyde (0.107 g, 1mmol) and R-l-phenylethyl 

amine (0.121 g, 1 mmol) was refluxed in methanol for 2 hours. The 

yellow solution of the ligand obtained was directly used for the 

synthesis of the complexes without further purification. 

Oy: H 
__ R_e_flu_x __ .. N I 

Methanol N 

H'C~ 
Scheme 2.3 
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paap:A mixture of pyridine-2-carbaldehyde (0.107 g, 1 mmol) and 

2-aminopyrimidine (0.094 g, 1 mmol) in methanol was refluxed for 

2 hours. The deep yellow solution of the ligand obtained was directly 

used for the synthesis of the complexes without further purification. 

()H 
__ R_efl_u_x __ .. ~~ 

Methanol 
NyN~ 

N~ 
Scheme 2.4 

bzpa: 2-Benzoylpyridine (0.183 g, 1 mmol) was dissolved in methanol 

and to this aniline (0.093 g, 1 mmol) was added. The mixture was 

refluxed for 6 hours. The yellow solution of the ligand obtained was used 

directly for the synthesis of the complexes without further purification. 

Retlux 
Methanol • 

Scheme 2.5 

I 
N~ 

V 
dpka: Di-2-pyridyl ketone (0.187 g, 1 mmol) was dissolved in 

methanol. Aniline (0.093 g, 1 mmol) was added to this. About 4-5 

drops of glacial acetic acid was also added and refluxed for 6 hours. 

The brownish-yellow solution of the ligand obtained after reflux was 

used directly without any further purification. 
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+ H2Nl)#," ___ _ " RefluxIMethanol .. 
Acetic acid 

Scheme 2.6 

I 
N~ 

V 
qaa: Quinoline-2-carbaldehyde (0.157 g, 1 mmol) was dissolved in 

methanol. Aniline (0.093 g, 1 mmol) was added to this. A few drops 

of glacial acetic acid was also added and refluxed for 4 hours. The 

deep yellow solution of the ligand obtained after reflux was used 

directly without any further purification. 

Reflux/Methanol 

Acetic acid 

Scheme 2.7 

.. 

H 

I 
N~ 

V 
Hhmba: 2-Hydroxy-4-methoxybenzaldehyde (0.152 g, 1 mmol) was 

dissolved in methanol. To this aniline (0.093 g, 1 mmol) was added. 

The mixture was refluxed for 2 hours. The yellow product obtained on 

the evaporation of the solvent was filtered, washed with methanol and 

dried over P 4010 in vacuo. The product was recrystallized from 

methanol. Elemental Anal. Found (CaIcd.) (%): C, 73.52 (73.99); H, 

6.49 (5.77); N, 6.10 (6.16). 

23 



(Ii ap!'er -2 _________________________ . __ . _____ ._._._ ..... __ ............ _ .. _._. __ ... _ ...... _ .. __ .. __ ... _ ... _ .... ___ . _ .. __ . _______ .. __ ...... _______ .. _____ .. _. ___________________________ . 

H3
C I" /0yY 

Reflux ~ H 

Methanol • I 
OH ND 

Scheme 2.8 

2.3 Results and discussion 

The ligands were prepared in methanol by the direct refluxing of 

the respective aldehydes or ketones with the corresponding amines. 

Except Hhmba, all other ligands were obtained as yellow oils and could 

not be isolated in the solid form even after repeated trials. These 

compounds were thus used directly for the synthesis of the complexes 

without further purification. Even though Hhmba could be isolated in 

the solid form, the yield was very low. So the method similar to that 

employed for the for the syntheses of complexes of other ligands was 

used in the case of the complexes ofHhmba also. 

2.3.1 Characterisation of the ligand Hhmba 

2.3.1a Electronic spectrum 

The electronic spectrum of the ligand Hhmba in acetonitrile 

solution (l0-6 M) (Fig. 2.2) shows a band at 334 nm, which corresponds 

to the n ~ Jr * transition of the azomethine chromophore. The band 

observed at 291 nm is assigned to the Jr 4 Jr * transitions in the 

azomethine group and the phenyl ring of the ligand. The band due to 

n ~ Jr * transition is of greater intensity when compared to that of the 

Jr ~ Jr * transition [28]. 
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Fig. 2.2. Electronic spectrum ofligand Hhmba in acetonitrile. 

2.3.1b Infrared spectrum 

IR spectroscopy is a useful tool to confirm the coordination of 

various atoms and groups to the metal atom from the positions and 

natures of the bands associated with them. 

The IR spectra of all compoWlds were recorded in the 4000-400 cm-' 

range using KBr pellet. IR spectral analysis (Fig. 2.3) confinns the 

presence of characteristic groups present in the compound. A broad 

band at 3440 cm-I is assigned to the v(D-H) stretching of the phenolic 

-OH group [28]. The broadness of the band is probably due to 

intramolecular hydrogen bonding existing in the compound. The strong 

band at 1614 cm-] can be attributed to the v(C=N) stretching mode of 

the azomethine function of the ligand. The v(C=C) stretching 

VIbrations of the phenyl ring appear as a strong band at 1565 cm-] and 

the v(C-O) band is observed as a strong band at 1287 cm-I. Aromatic 
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C-H stretching bands occur at 2940 cm-I. The v(C-C) stretching 

vibrations within the phenyl ring occurs at 1486 cm-I. 
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Fig. 2.3. IR spectrum ofligand Hhmba. 

2.3.1c lH NMR spectral studies 

The 'H NMR spectrum of the ligand Hhmba is represented in 

Fig. 2.4. The IH resonance of the -OH group of the ligand is the most 

downfield one in the NMR spectrum and is observed as a singlet at 

11.49 ppm. Such a downfield shift is attributed to the intramolecular 

hydrogen bonding [29]. The singlet appearing at 9.72 ppm is due to the 

single proton of the azomethine moiety, H-C=N [30,31]. The protons of 

the aromatic rings are obtained in the region 6-8 ppm, slight variations are 

observed as a result of the difference in the environments. The C5-H and 

C6-H resonate near 6.50 ppm as doublets by coupling with each other. 

C3-H occurs as a singlet at 6.80 ppm. The higher 0 value for this proton 

is explained by its position between the -OH group and the methoxy 
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group in the benzene ring. The methoxy protons appear as a singlet at 

3.85 ppm. The singlet appearing at 8.58 ppm is assigned to the resonance 

of the C12-H proton. Such a low- field value is due to its position para to 

the N atom of the azomethine group. All other aromatic protons resonate 

at 7.20-7.50 ppm and is observed as a complex multiplet due to spin-spin 

coupling. 

- .,-... I "- Ll ",1 
i i i i i i i i , i i i i i i 

15 14 13 12 11 ]0 9 8 7 6 5 4 3 2 0 ppm 

Fig. 2.4. lH NMR spectrum of ligand Hhmba. 
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Syntheses, structural and spectral investigations of 
copper(II) complexes of Schiff bases with 

azide and thiocyanate 

3.1 Introduction 

Copper is a bioelement and an active site In several 

metalloenzymes and proteins [l-4]. Copper ions are found in the active 

sites of a large number of metalloproteins such as hemocyanin, 

tyrosinase, cytochrome c oxidase, laccase and ascorbate oxidase. 

These proteins are involved in various biological processes such as 

biological electron-transfer reaction, oxygen atom insertion into 

substrates, dioxygen reduction to hydrogen peroxide or water and 

hydrolytic reactions. Often better structural and functional models to 

metalloproteins have been prepared by altering the substituents of the 

ligands in order to match with the required spectral properties of the 

metalloproteins. The most important contribution to copper chemistry 

must be the role that biological copper [5-8] has played in stimulating 

research in the inorganic chemistry of copper, not only in the chemistry 

of copper proteins, for which Cu(I), Cu(II) and Cu(IlI) species are 

relevant, but also in systems where more than one type of Cu is 

considered to be present. The blue copper proteins have received 

considerable interest because of their unusual spectral and structural 

properties. The geometry around copper in blue copper proteins is 
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intennediate between tetrahedral and square planar. Several model 

systems, including those with bidentate Schiff base ligands, have been 

reported correlating the molecular structure with the electronic ground 

state of those complexes [9-11] in redox reactions involving copper 

containing enzymes. This is an essential factor for many of the 

properties of these enzymes. 

Among all the transition metal complexes, copper(II) Schiff base 

complexes with pseudohalogens are well known for their preparational 

accessibilities, exhibiting the flexibility of the coordination geometry 

around the metal center. Many metalloproteins are inhibited by the 

azide ion [14-18], and hence the metal-azido complexes of such 

proteins were studied extensively [19,20] in order to understand the 

electronic nature, geometrical properties as well as the role of the metal 

in the biological processes involving these metalloproteins. Azide

copper(II) complexes are also of great interest for bioinorganic 

chemists to explore the structure and role of active sites in copper 

proteins such as metazido hemocyanins and tyrosinases [21,22]. The 

chemistry of copper(II)-azido complexes has also received great deal of 

attention to enhance the fundamental knowledge about the magnetic 

interactions between the paramagnetic centers and for developing new 

functional molecule-based materials [23,24]. Examples of Cu(II)-azide 

systems with bidentate coligands are numerous and their structures are 

much diverse and sensitive to the coligands used. Hence a variety of 

mononuclear, binuclear and polymeric complexes have been obtained, 

not only due to the coordination diversity of the azide ion, but also due 
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to the coordination flexibility of the Cu(II) ion. Two one dimensional 

azido-bridged Cu(II) coordination polymers with bidentate Schiff bases 

obtained by the condensation of pyridine-2-carbaldehyde and aniline 

and p-chloroaniline respectively have been synthesized and studied. Both 

contains Cu(II) in a distorted square pyramidal geometry interlinked by 

single end-on azido bridges which mediate weak antiferromagnetic 

interactions [25]. Ferromagnetic interactions mediated through single 

cnd-to-end azide bridges in helical chains of chiral Cu(Il) complexes, 

where a Schiff base obtained from pyridine-2-carbaldehyde and Rand 

S fOlTl1s of I-phenyl ethyl amine is used as the auxiliary ligand have 

been reported [26]. 

Even though thiocyanate is not as good a mediator of magnetic 

exchange between metal centers as the azide ion, still many copper 

complexes have been reported with thiocyanate and Schiffhases having 

ferromagnetic as well as antiferromagnetic interactions. Also the 

thiocyanate-bridged metal-coordination complexes have received 

special attention because they exhibit interesting electrochemical, 

zeolitic, magnetic, and photomagnetic properties [27,28]. The 

tetranuc1ear copper(II) chain complexes designed usmg the 

dipyridylmethanediol ligand has been found to promote ferromagnetic 

coupling between the copper(II) centers, thus opening a new avenue for 

the synthesis of molecular magnets [29]. Sema et al. reported dimeric and 

polymeric Cu(II) complexes synthesized from the methylated di-2-pyridyl 

ketone and thiocyanate with the same empirical formula [30]. These 

compounds contain double (N, S)-thiocyanate bridges and single 
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end-to-end thiocyanate bridges respectively and are weakly 

antiferromagnetic as expected. 

3.2 Stereochemistry 

The Cu(IJ) ion with 3et outer electron configuration lacks cubic 

symmetry and hence yields distorted fonns of the basic stereochemistries 

such as tetrahedral, square planar, square pyramidal and octahedral [31 J. 
Coordination numbers of four, five and six predominate, but variations of 

each structure occur through bond length or bond angle distortions. The 

four coordinate complexes may be tetrahedral, square planar or a distorted 

mixture thereof, and the five coordinate complexes, square pyramidal, 

trigonal bipyramidal or a mixed version thereof. Jahn Teller effect plays a 

major role in deciding the distortion effect on stereochemistries of Cu(JI) 

complexes. The typical distortion involved in octahedral geometry is 

elongated structures with the odd electron residing in the d 2 2 orbital 
x -y 

resulting in four short Cu-L bonds and two trans long bonds, which are 

usually more energetically favourable than the compressed structures, 

consistent with their more frequent occurrence. In the six coordinate 

species, the structures vary from compressed tetragonal through regular 

octahedral to elongated tetragonal but also include examples where the 

bond angles are clearly not 90°. 

3.3 Experimental 

3.3.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), 2-benzoylpyridine 

(Sigma Aldrich), di-2-pyridyl ketone (Sigma Aldrich), quinoline-2-
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carbaldehyde (Sigma Aldrich), 2~hydroxy~4~methoxybenzaldehyde 

(Sigma Aldrich), aniline (S. O. Fine), R~l-phenylethyl amine (AI fa 

Aeser), 2-aminopyrimidine (Sigma Aldrich), Cu(CI04)2'6H20 (Sigma 

Aldrich), Cu(OAc)z'H20 (Qualigens), NaN3 (Reidel-Oe Haen), KCNS 

(BOH) and methanol (Merck) were used as received. 

3.3.2 Preparation of copper(1 I) complexes 

(Cu2(paa}2(N3}4]'Y2H20 (1): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and aniline (0.093 g, 1 mmol) in methanol 

were refluxed for 2 hours. To this Cu(Cl04}2'6H20 (0.370 g, 1 mmol) 

dissolved in methanol and a methanolic solution of NaN3 (0.130 g, 

2 mmol) containing minimum amount of water was added with stirring. 

The resulting brown colored solution was stirred for half an hour. The 

brown precipitate obtained on stirring was filtered, washed with 

methanol followed by ether and dried over P 4010 in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 43.30 (43.11); H, 3.17 (3.17); N, 33.12 

(33.52). !! = 1.06 B.M. 

[Cu2(paah(NCS)4]'H20 (2): A mixture of pyridine-2-carbaldehyde 
~-- .. -.~ 

(0.107 g, 1 mmol) in methanol and aniline (0.093 g, 1 mmol) in 

methanol was refluxed for 2 hours. Cu(OAch'H20 (0.199 g, 1 mmol) 

dissolved in methanol was added to this followed by a methanolic 

solution of KCNS (0.194 g, 2 mmol) and refluxed for 4 hours. Brown 
... __ w" •. , ....... 

solid, which separated out, was filtered, washed with methanol and 

ether and dried over P4010 in vacuo. Elemental Anal. Found (Calcd.) 

(%): C, 45.76 (45.33); H, 2.91 (2.99); N, 15.53 (15.10).!! = 1.27 B.M. 
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ICU1(papea)z(N3)4]'H10 (3): Pyridine-2-carbaldehyde (0.107 g, 1 rnmol) 

and R-l-phenylethyl amine (0.121 g, 1 mmol) was refluxed in methanol 

for 2 hours. A methanolic solution of CU(OAC)2'H20 (0.199 g, 1 rnmol) 

was added to this. To the green solution obtained, an aqueous solution 

of NaN3 (0.130 g, 2 mmol) was added drop wise. The resulting 

mixture was stirred for 30 minutes and the green product separated out 

was filtered, washed with methanol followed by ether and dried over 

P4010 in vacuo. Elemental Anal. Found (Calcd.) (%): C, 46.0S (45.S3); 

H, 3.76 (4.12); N, 30.50 (30.54).11 = 1.10 B.M. 

(lCU(PYOx)2]'2H20)n (4): Pyridine-2-carbaldehyde (0.1 07 g, 1 mmol) 

and R-l-phenylethyl amine (0.121 g, 1 mmol) was refluxed in methanol 

for 2 hours. Cu(OAc)z'H20 (0.199 g, 1 mmol) dissolved in methanol 

was added followed by an aqueous solution of KCNS (0.194 g, 2 

mmol) and refluxed for 3 hrs. Blue prismatic single crystals were 

obtained within a period of one week. The crystals were separated, 

washed with methanol followed by ether and dried over P 4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 42.60 (42.42); H, 3.39 (3.56); 

N, 16.11 (16.49).11= 1.55 B.M. 

[Cu2(apmh(N3hl'Y2CH30H'3H20 (5): A mixture of pyridine-2-

carbaldehyde (0.107 g, 1 nunol) in methanol and 2-aminopyrimidine 

(0.094 g, I nunol) in methanol was refluxed for 2 hours. To this, 

Cu(OAc)z'H20 (0.199 g, 1 mmol) dissolved in water was added 

followed by the slow addition of aqueous NaN3 (0.130 g, 2 mmol) 

solution. The green solution obtained was stirred for 3 hours. The 

green product separated out was collected, washed with methanol 
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followed by ether and dried over P 4010 in vacuo. Elemental Anal. 

Found (Calcd.) (%): C, 21.66 (21.75); H, 2.94 (3.44); N, 35.58 (35.81). 

J.l == 0 B.M. 

[Cu2(pah(NCS)4]'5CH30H (6): A mixture ofpyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and 2-aminopyrimidine (0.094 g, 1 mmol) 

in methanol was refluxed for 2 hours. Cu(OAc)2'H20 (0.199 g, 1 nunol) 

dissolved in water added to this followed by the addition of an aqueous 

solution of KCNS (0.194 g, 2 mmol). The resulting green solution was 

refluxed for 2 hours. The green product separated out was filtered, 

washed with methanol followed by ether and dried over P 4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 34.26 (33.71); H, 2.95 !2-:33); 

N, 14.38 (13.88). J.l == 1.24 RM. 

[Cu2(bzpah(N3)4]-H20 (7): 2-Benzoylpyridine (0.183 g, 1 mmol) was 

dissolved in methanol and to this aniline (0.093 g, 1 mmol) was added. 

The mixture was refluxed for 6 hours. To the yellow solution thus 

obtained, a methanolic solution of Cu(Cl04)2'6H20 (0.370 g, 1 mmol) 

was added slowly followed by an aqueous solution of NaN3 (0.130 g, 2 

mmol). The green solution obtained was stirred for 30 minutes. The 

dark green product which separated out within one week was filtered, 

washed with methanol and ether and dried over P 4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 51.54 (52.11); H, 3.60 (3.64)j/ 

N, 26.36 (27.01). J.l == 1.15 RM. 

[Cu2(dpk'OH 'OCH3)2(N3)4] 'CH30H '4H20 (8): Di-2-pyridyl ketone 

(0.187 g, 1 mmol) was dissolved in methanol and aniline (0.093 g, 1 nunol) 
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was added to this. About 4-5 drops of glacial acetic acid was also 

added and refluxed for 6 hours. To this, Cu(OAch'H20 (0.199 g, 

1 mmol) dissolved in hot methanol was added followed by an aqueous 

solution of NaN3 (0.130 g, 2 mmol) slowly with stirring. Stirring was 

continued for 6 hours. The green product formed was filtered, washed 

with methanol and ether and dried over P4010 in vaclIo. Elemental 

Anal. Found (Calcd.) (%): C, 36.06 (36.10); H, 4.08 (4.36); N, 27.07 

(26.94). J.! = 0 B.M. 

fCu(dpk-OCH3~(NCS)21·2H20 (9): Di-2-pyridyl ketone (0.187 g, 1 mmol) 
-.. ... _ ... -----

was dissolved in methanol and aniline (0.093 g, 1 mmol) was added to 

this. About 4-5 drops of glacial acetic acid was also added and 

refluxed for 6 hours. To this, an aqueous solution of Cu(OAc)2'H20 

(0.199 g, 1 mmol) and an aqueous solution o!'KCNS (0.194 g, 2 mmol) 

was added. The formation of a green product was spontaneous and the 

mixture was stirred for 3 hours in order for the completion of the 

reaction. The product was filtered, washed with methanol, water and 

ether and dried over P4010 in vacuo. Elemental Anal. Found (Calcd.) 

(%): C, 39.13 (38.93); H, 4.08 (3.73); N, 12.60 (12.97). J.! = 1.69 B.M. 

[CU2(qaa)2(N3)4]"H20 (10): Quinoline-2-carbaldehyde (0.157 g, 1 mmol) 

was dissolved in methanol and aniline (0.093 g, 1 mmol) was added to 

this. A few drops of glacial acetic acid was also added and refluxed for 

4 hours. To the deep yellow solution of the ligand thus obtained, 

Cu(OAch'H20 (0.199 g, 1 mmol) dissolved in hot methanol and an 

aqueous solution ofNaN3 (0.130 g, 2 mmol) was added. The formation 

of a brown product was spontaneous and the mixture was stirred for 
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4 hours in order for the completion of the reaction. The product was 

filtered, washed with methanol, water and ether and dried over P 4010 

in vacuo. Elemental Anal. Found (Ca1cd.) (%): C, 48.95 (49.42); H, 

3.22 (3.37); N, 28.42 (28.81). )l = 0 B.M. 

(Cu(qaa)(NCS)2]-'i2CH30H· H20 (11): Quinoline-2-carbaldehyde (0.157 

g, 1 mmcl'fW-~s'dissolved in methanol and aniline (0.093 g, 1 mmol) was 

added to this. A few drops of glacial acetic acid was also added and 

refluxed for 4 hours. To the deep yellow solution of the ligand thus 

obtained, a solution of Cu(OAch·H20 (0.199 g, I mmol) in hot 

methanol was added followed by the addition of a solution of KCNS ; 
-...-............ --.."' .. _-- ~ 

(0.194 g, 2 mmol) in methanol. Refluxed for 2 hours. The brown 

product separated out was filtered, washed with methanol and ether and 

dried over P4010 in vacuo. Elemental Anal. Found (Ca1cd.) (%): C, 

50.40 (49.82); H, 2.95 (3.62); N, 11.91 (12.56). )l= 1.65 B.M. 

(Cu2(hmbal2(N3)21-CH30H-2H20 (12): 2-Hydroxy-4-methoxybenzaldehyde 

(0.152 g, 1 mmol) was dissolved in methanol. To this aniline (0.093 g, 

1 mmol) was added. The mixture was refluxed for 2 hours. An aqueous 

solution of Cu(OAch·H20 (0.199 g, 1 mmol) and an aqueous solution of 

NaN3 (0.130 g, 2 mmol) was added to the above solution of the ligand. The 

mixture was stirred for 3 hours and the green product formed was filtered, 

washed with methanol and ether and dried over P 4010 in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 47.23 (47.60); H, 4.08 (4.41); N, 15.86 

(15.31).)l= l.I6B.M. 
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[Cu2(hmba)2(NCS)2] (13): 2-Hydroxy-4-methoxybenzaldehyde (0.152 g, 
~:-~--~~ 

1 mmol) was dissolved in methanol. To this aniline (0.093 g, 1 mmol) 

was added. The mixture was refluxed for 2 hours. An aqueous 

solution of Cu(OAch'H20 (0.199 g, 1 mmol) and an aqueous solution 

of KCNS (0.194 g, 2 mmol) was added and the resulting solution was 
. ;., 

refluxed for 2 hours. The brown product separated out was filtered, 

washed with methanol followed by ether and dried over P4010 in vaCllO. 

Elemental Anal. Found (Calcd.) (%): C, 51.10 (51.79); H, 3.66 (3.48); 

N, 7.97 (8.05). ~ = 1.27 B.M. 

Caution! Although not encountered in our experiments, azide 

complexes are potentially explosive. Only a small amount of the 

material should be prepared, and it should be handled with care. 

3.4 Results and discussion 

The reaction between the aldehyde/ketone and amine in 1: 1 molar 

ratio yielded the Schiff base ligands, which were used without further 

purification for the synthesis of the complexes by reaction in presence 

of pseudohalides NaN3/ KCNS. The complexes 1 and 2 obtained from 

the Schiff base synthesized by the reaction between pyridine-2-

carbaldehyde and aniline, complex 7 obtained from the Schiff base 

prepared by the reaction between 2-benzoylpyridine and complexes 10 

and 11 obtained from the Schiff base synthesized by the reaction 

between quinoline-2-carbaldehyde and aniline were found to have the 

Schiff bases paa, bzpa and qaa respectively as neutral bidentate N, N 

donor ligands. 
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However, the complexes 5 and 6, obtained from the Schiff base 

synthesized from the condensation between pyridine-2-carbaldehyde 

and 2-aminopyrimidine, did not have the Schiff base, instead these 

complexes had the parent amine coordinated in 5 and the parent 

aldehyde coordinated in 6. 

The complex synthesized from the ligand obtained by the 

condensation between pyridine-2-carbaldehyde and R-I-phenylethyl 
w., _ 

amine ~it!yin presence of NaN3 gave the azido complex 3. However, 

the reaction in presence of KCNS yielded a polymeric copper complex 

4 in which the Schiff base ligand has undergone oxidation and cleavage 

to form a deprotonated pyridine-2-carboxamide (pyox). The oxidation 

of azomethine group to deprotonated amide group through metal 

binding has been well documented. The oxygen atom of the amide 

group originates from the water molecule [32,33]. There has been 

previous reports of the synthesis of copper(II) complexes with pyridine-

2-carboxamide starting from pyridine-2-carbonitrile and copper(JI) 

salts [34-36]. The above reaction occurs due to the copper(II) assisted 

hydrolysis of pyridine-2-carbonitrile to pyridine-2-carboxamide. 

Copper(II) has been found to promote the hydrolysis of 2,4,6-tris 

(2-pyridyl)-1,3,5-triazine (tptz) to yield Cu(II) complexes of pyridine-

2-carboxamide [37]. In the present case, the transformation of 

azomethine function of the Schiff base to deprotonated amide group is 

activated through Cu(II) coordination to the Schiff base and then the 

deprotonated amide hydrolyses to pyridine-2-carboxamide and the 
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Cu(II) complex with a one dimensional polymeric structure was 

fonned. 

In the case of the copper complexes 8 and 9, the ligand used was 

the Schiff base obtained by the reaction between di-2-pyridyl ketone 

and aniline. But it appears that in the copper complexes, the Schiff 

base has undergone hydrolysis in presence of Cu(II) to the alcohol 

adduct of di-2-pyridyl ketone. The ability of di-2-pyridyI ketone to 

undergo metal-mediated nucleophilic addition of small molecules like 

water or alcohol to the carbonyl group results in the fonnation of 

hydrate or hemiacetal [30,38-40]. The driving force for such a reaction 

may be the release of strain and steric interactions on changing the 

hybridization of the central carbon atom from Sp2 to Sp3 [41,42]. 

Additional driving force may be supplied by the hydrated ligand 

functioning as a vicinal tridentate [42]. Thus in complexes 8 and 9, the 

alcohol adduct of di-2-pyridyl ketone coordinates to Cu(II). 

The ligand prepared by the reaction between 2-hydroxy-4-

methoxybenzaldehyde was found to be a bidentate N, 0 donor, which 

coordinates through the deprotonated ° atom and the azomethine N in 

its Cu(II) complexes 12 and 13. 

The complexes prepared were either green or dark brown in 

color, except 4, which is blue. All the complexes except 4 were found 

to be soluble in CH3CN, DMF and DMSO, but only partially soluble in 

other organic solvents such as CHCb, ethanol, methanol etc. The 

compound 4 was found to be partially soluble only in DMF and DMSO 
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probably due to its polymeric structure. The room temperature 

magnetic susceptibility measurements revealed all the complexes to 

have lower values of effective magnetic moments, which can be 

attributed to the presence of strong antiferromagnetic interactions 

between the Cu(Il) centers 111 the complexes. The strong 

antiferromagnetic interactions present in complexes 5, 8 and 10 made 

them diamagnetic. 

3.4.1 Crystallographic data collection and structure analysis 

Single crystal X-ray diffraction measurements of compound 4 were 

carried out on a Nonius MACH3 diffractometer at the Indian Institute of 

Technology, Bombay. The unit cell parameters were detennined and the 

data collections were perfonned using a graphite-monochromated Mo Ka 

(A. = 0.71073 A) radiation at 293(2) K. The collected data were reduced 

using MAXUS program [43]. The trial structure was solved by direct 

methods [44] using SHELXS-97 and refinement was carried out by full

matrix least squares on p2 using SHELXL-97 [45]. The graphics tools 

used was DIAMOND [46]. All non-hydrogen atoms and the hydrogen 

atoms in complex 4 were refined anisotropically. 

3.4.2 Crystal structure 

[Cu(pyoxk2H20]n (5): The structure of ICu(pyoxh"2H20]n (Pig. 3.1) 

consists of an infinite one dimensional polymeric chain of Cu(lI) with 

pyridine-2-carboxamide (pyox) ligands. The structural refinement 

parameters are given in Table 3.1 and the selected bond distances and 

bond angles are given in Table 3.2. 
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Table 3.1. Crystal data and structure refinement of [Cu(Pyox)lo2H10]n 

Parameters 

Empirical formula 

Fonnula weight 

Col or 

Wavelength (Mo Ka) (A) 

Crystal system 

Space group 

Unit cell dimensions 
a (A) 
b(A) 
c (A) 

an 
Pc) 
y(") 

Volume V (A\ z 
Calculated density (p) (Mg m·3) 

Absorption coefficient !!(mm-I) 

F(OOO) 

Crystal size (mml) 

() range for data collection 

Limiting indices 

Reflections collected 1 unique 

Completeness to 29 = 24.95 

Absorption correction 

Maximum and minimum 
transmission 

Refinement method 

Data 1 restraints 1 parameters 

Goodness-of-fit on F2 

Final R indices [1>20(1)] 
R indices (all data) 

Largest diff. peak and hole( e A-3
) 
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[Cu(pyox)z-2H20] n 

C12H 12CuN40 4 

339.80 

Blue 

0.71073 

Triclinic 

Pi 

5.1278(4) 
7.6293(12) 
9.2290(8) 
74.877(9) 
84.416(6) 
71.479(9) 

330.46(6), 1 

1.707 

1.675 

173 

0.40x0.35xO.30 

2.29- 24.95 

-6::;~5, -9::;k:;0, -10::;l::;1O 

1228/1140 [R(int) = 0.0183] 

99.0% 

Psi-scan 

0.6335, 0.5539 

Full-matrix least-squares on F2 
1140/0/121 

1.157 

RI = 0.0382, wR2 = 0.1009 

RI = 0.0424, wR2 = 0.1038 

0.853 and -0.658 
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The Cu{II) ion is located on the inversion centre of a distorted 

4+ I + I elongated tetragonal octahedral geometry. The equatorial 

positions of the Cu(Il) octahedron are defined by two nitrogen atoms 

from pyridyl rings and two amide nitrogens from pyridine-2-

carboxamide moiety. There are four short in-plane bonds. The 

CU-Npyridyl lengths [1.967(3) A] in the complex are in agreement with 

those previously reported for similar Cu(lI) systems, but is longer than 

Cu(I1) bond with amide N [1.947(2) A] [35,36,47,48]. This indicates 

the stronger bonding of the amide N to Cu(I1) than pyridyl N. The 

apical positions are occupied by two oxygen atoms from two 

neighbouring pyridine-2-carboxamides. The Cu(lI)-<) bonds [2"748(2) 

A] are highly elongated due to lahn-Teller effect. 

Fig.3. !. Molecular structure of ICu(Pyoxh,2H10I. (S) . Hydrogen 
atoms and water molecules are omined for clarity. 
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Table 3.2. Selected bond lengths (A) and bond angles (0) of 
[Cu(pyox)z·2HzO] n 

Bond lengths Bond angles 

CuI-NI 1.947(2) N(I)-C:U(I)-N(2) 83.54(10) 

Cu(1)-N(1t 1.947(2) N(I)-Cu(1)-N(2)8 96.46(10) 

Cu(I)-N(2t 1.967(3) N(I)a-Cu(1)-N(2) 96.46(10) 

C:U(l)-N(2) 1.967(3) N(lt-Cu(I)-N(2t 83.54(10) 

N{l)-C(I) 1.279(4) N{l )-Cu(l )-N(l)8 180.0 

N(2)-C(2) 1.338(4) N(2t-Cu(1 )-N(2) 180.0 

N(2)-C(6) 1.339(4) 

O(l)-C(l) 1.226(4) 

a = -x,-y,-z 

It is useful to define a term T called the tetragonality or tetragonal 

distortion to describe the measure of tetragonal in distortion in the 

octahedral complex. T = RslRL, where Rs is the mean in-plane bond 

length and RL is the mean out-of plane bond length [49-51]. T = 1 for a 

regular octahedron and 0.56-0.66 for a square coplanar structure 

[52-54]. In the present case, the value oftetragonality T = 0.71, which 

indicates that there is considerable tetragonal distortion in the complex. 

The major difference of the present complex from the previously 

reported pyridine-2-carboxamide complexes is that in the earlier cases, 

the amide N remained uncoordinated where as in the present case, the 

amido N is coordinated to Cu(II). This is due to the fact that we have 

not used the pyridine-2-carboxamide directly for the preparation of the 

complex; instead the pyridine-2-carboxamide moiety came as a result 

of the metal-supported oxidation followed by hydrolysis of the Schiff 
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base papea as discussed earlier. This is also the reason for the absence 

ofH atoms on the amide N of the pyridine-2-carboxamide. 

It is interesting to note that both the C-O and C-N bonds of the 

amide function of the pyridine-2-carboxamide in the complex shows 

significant double bond character [C 1-0 1 = 1.226( 4) A and 

Cl-NI = 1.279(4) A]. The C-N bond lengths of the amide group in all 

the earlier cases were greater than 1.3 A and this difference reveals the 

extent of the double bond character of the C-N bond of the amide 

group. Coordination through amide N of pyridine-2-carboxamide or its 

derivatives is reported only in those cases where the amide N is not 

terminal, rather it is a secondary or tertiary N or as azomethine N 

[55-57]. The oxygen atom of the pyridine-2-carboxamide is involved 

in weak bonds with other Cu(II) thus propagating the infinite one 

dimensional polymeric chain. The axial ClK) bond lengths [2.748(2) A] 

are much greater than the equatorial metal-to-ligand distances in the 

complex and those cited in the previous reports exemplifying the weak 

ClH) bonds [35,36,47,48,58]. The axial bond angles at the Cu(II) centre 

show the ideal octahedral value of 180· [OI---Cul-OI=180.00(1O)"], but 

the equatorial bond angles deviate from 90·. The mean plane deviation 

calculations show that the base of the octahedron is almost planar with 

the Cu(ln ion also present in the square base. 

The packing of the molecule in the crystal lattice (Fig 3.2) is 

under the combined effect of hydrogen bonding, tr···tr and C-H···n

interactions [Table 3.3]. 
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Fig. 3.2. Molecular packing diagram of ICu(pyox)z-2H,OI. (5). 

The oxygen atom 01 fonns a hydrogen bond with the water molecule 

[OW-HI I 1···01; OW-HIII ~ 0.68(7) A. HIII···OI ~ 2.33(7) A. 
OW···OI ~ 2.931(5) A. OW-HIII· ··OI ~ 148(8)"]. A C-R··" 

interaction is also noted [C3-H3···01; 03-H3 ~ 0.77(5) A. H3···01 ~ 

0.77(5) A. 03···01 ~ 2.907(4) A. OW-HIII···OI ~ 111(5)"]. Some 

Jr"'K interactions observed in the crystal structure also reinforce the 

packing of the molecule. 
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Table 3.3. Interaction parameters of [Cu(Pyox)1'2H2O]n 

D-H"'A D-H (A) H"'A(A) D"'A(A) D-H"'A (0) 

OW-Hlll"'Ol 0.68(7) 2.33(7) 2.931(5) 148(8) 

C3-H3'''01 0.77(5) 0.77(5) 2.907(4) 111(5) 

1t. "1t interactions 

Cg(l)-Res(I)"'Cg(J) Cg"'Cg (A) aD j}D "t 
Cg(l)[ll"Cg(lt 3.4089(17) 0.03 30.36 30.36 

Cg(1 )[ll"Cg(2)b 3.4089(17) 0.03 30.36 30.36 

Cg(2)[1 ]"'Cg(l t 3.4089(17) 0.03 30.36 30.36 

Cg(2)[1l"Cg(2)d 3.4089(17) 0.03 30.36 30.36 

Equivalent position codes: a = I-x, -y, -z; b = I+x, -I+y, z; c = -I+x, y, z; d = -I-x,-y,-z 
Cg(l) = CuI, NI, Cl, C2, N2; Cg(2) = CuI, NI_c, CI_c, C2_c, N2_c. 

Even though we tried to isolate the single crystals of other copper 

complexes repeatedly, we were unsuccessful. 

3.4.3 Spectral characteristics of Cu(lI) complexes 

3.4.3a Electronic spectra 

The et Cu2+ ion with a 2D ground state free ion tenn has an 

electron vacancy or hole in its d level and can be regarded as the inverse 

of a simple i arrangement. The et Cu2
+ ion is stereochemically flexible, 

so a wide range of stereochemistries are possible. The presence of nine 

electrons, together with the lahn-Teller effect in appropriate cases give 

rise to a range of distorted stereochemistries of uncertain description. 

The four coordinate complexes may be tetrahedral, square or a distorted 

mixture thereof, and the five coordinate complexes, square pyramidal, 

trigonal bipyramidal or a mixed version thereof. In the six coordinate 
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species, the structures vary from compressed tetragonal through regular 

octahedral to elongated tetragonal. 

The ground state will be split by an octahedral field into a lower 

2Eg and upper 2T2g level [59]. But usually due to the lower symmetry of 

environments around the Cu(II) ion the energy levels again split 

resulting in more transitions. A very broad band with a peak maximum 

near 600 nm is observed for most geometries [60]. Thus the electronic 

spectrum of Cu(II) is often of little value in structural assignment 

making it difficult to use electronic spectroscopy alone as a definitive 

tool for identifying the geometry. 

Tetragonal distortion is usually assumed to be the most common 

example of Cu2
+ coordination. The energy levels of an axially 

elongated octahedron are shown in Fig. 3.3. 
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The ground state of Cu(II) ion in an elongated tetragonally 

distorted octahedral crystal field of D4h symmetry may be described as 

a single electron in d. 2 2 (bIg) orbital, or a 2Blg spectroscopic state. In 
.\ - Y 

a tetragonal field, transitions expected are 2A1g ~ 2B1g, 2B2g ~ 2B1g 

and 2Eg ~ 2B1g and they occur in the range 850-550, 645-555 and 

580-500 nm respectively. Due to lahn-Teller distortion, the axial 

ligands of the octahedron are farther away from the metal ion than the 

equatorial ligands. The absorption spectra of Cu2
+ complexes 

broadened by geometrical distortion from octahedral symmetry may be 

further broadened by spin-orbit coupling. 

In the case of square planar complexes also three allowed d-d 

transitions arc expected in the visible region as in the case of octahedral 

complexes, but often these theoretical expectations are unseen in practice 

and these bands usuall y appear overlapped due to the very small energy 

difference between the d levels. For five coordinated complexes two 

extreme structures, the square pyramid and trigonal bipyrarnid are possible, 

along with many distorted intennediates. Although the electronic spectra of 

Cu(II) complexes do not in general provide a good indication of geometry, a 

criterion for distinguishing between square pyramidal and trigonal 

bipyramidal geometries has been proposed [61-63]. A regular trigonal 

bipyrarnidal complex is characterized by peaks extending from 850-800 nm, 

with the greater absorption intensity for the lower energy. The square 

pyramid has a similar band envelope with peaks extending from 670-530 

nm, but with greater intensity in the higher energy [64J. 
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The electronic spectra of all the copper(II) complexes were 

recorded in acetonitrile solutions. 

Compound 1 exhibited (Fig. 3.4) a broad peak ca. 610 nm 

characteristic of Cu2
+ complex with a square pyramidal geometry [64]. 

So the transition is characteristic of a Cu(II) ion with the single electron 

residing in the d 2 2 orbital. The broadness of the band did not pennit 
x -y 

its resolution into various components. 

~ 
Co) 

= 

2.0 

1.5 

~ 1.0 
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800 900 

Fig. 3.4. Electronic spectrum of compound 1. 

Two intense charge transfer bands are observed at 480 and 380 

nm. The existence of a charge transfer band in the vicinity of 500 run 

should be taken as Jl-l,l N3 ~Cu(II) LMCT [65-67]. So the one at 

480 nm is assigned as Jl-l, 1 N3 ~Cu(II) LMCT and such a band is a 

strong evidence for the presence of ~-l, 1 azide bridges in the complex. 
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The above mentioned band is obviously not a d-d band as evidenced by 

its high molar extinction coefficient. The CT band at 380 nm is due to 

tenninal N3-~Cu(II) LMCT. The Jr ~ 7r * transitions of the ligand 

are seen as a highly intense peak at 295 nm. The n ~ 7r * transitions 

of the ligand are obscured by the broad and intense CT bands. 

For the 2 (Fig. 3.5), the d-d band is observed at 600 nm. Due to 

the broadness of the band only one transition could be distinguished. 

Two charge transfer bands were visible at 424 and 366 nrn. The lower 

energy CT band may be assigned to NCS -+Cu(II) LMCT and the 

higher energy band is due to N-+Cu(II) LMCT. The n ~ 7r * and 

7r ~ 7r * transitions due to the ligand are observed at 311 and 290 nm 

respecti vel y. 

0.50 

O.OO+--.---~--.---.---.---.----, 

600 700 800 900 

Wavelength (nm) 

Fig. 3.5. Electronic spectrum of compound 2. 
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Compound 3 exhibits (Fig. 3.6) a single broad band at 615 nm. 

The position of this band is consistent with a square-pyramidal 

geometry around the copper(II) centres [52,64,68]. The existence of a 

charge transfer band in the vicinity of 500 nm should be taken as 

).1-1,1 N3 ~Cu(II) LMCT [65-67]. Thus the absorption band ca. 470 nm 

in 3 may be considered to be due to ).1-1,1 N3 ~Cu(II) LMCT and such 

a band is a strong evidence for the presence of ).1-1,1 azide bridges in 

the complex. An intense charge transfer band at 395 nm is due to the 

tenninal N3 ~Cu(n) LMCT. The Jr -+ Jr * ligand transitions were 

observed at 295 nm and the n -+ Jr * transitions were not observed as it 

was masked by the broad and intense charge transfer transitions. 

54 

~ 
(,J 

= 

2.0 

1.5 

] 1.0 
~ 
Q 
rIl 
.c 
< 0.5 

o.o..L-,--~--'-:====:;::::===':====-. 
300 500 700 900 

Wavelength (nm) 

Fig. 3.6. Electronic spectrum of compound 3. 
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The d-d transition for the complex 4 (Fig. 3.7) was observed as a 

broad band ca. 630 nm typical of Cu(II) ions in a distorted octahedral 

environment. They can be attributed to the components of the 

2T2g+- 2Eg [69]. Due to the broadness of the band only one transition 

could be distinguished. The ligand to metal charge transfer band was 

observed as a strong band ca. 423 nm. Generally, we cannot see a 

charge transfer transition from axial ligands in tetragonal complexes 

with long axial Cu-L bonds. The strong charge transfer absorption in a 

tetragonal Cu(II) complex is an indicator of equatorial binding for the 

ligands concerned. So the CT band in the present case is due to 

N~Cu LMCT and not O~Cu LMCT [64]. The n ~ Jr * and 

Jr ~ Jr * transitions of the ligand are found at 358 (sh) and 290 nm 

respectively. 

500 600 700 800 900 

Wavelength (nm) 

Fig. 3.7. Electronic spectrum of compound 4. 
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In complex 5 (Fig. 3.8), d-d transition was observed as very low 

intensity broad band at 625 nm. Ligand to metal charge transfer band 

appeared at 460 nm assigned as the N3 ~Cu(II) LMCT. The n ~ J( * 

transitions of the ligand were obtained in conjugation with another 

LMCT due to N~Cu(II) at around 385 nm with very high intensity 

almost equivalent to the intensity of the J( ~ J( * transition of the 

ligand, which was viewed at 290 nm. The higher intensity of the 

n ~ J( * transitions is due to the intensity borrowing from the nearby 

charge transfer band [64]. 

1.0 

\ 
\ 
\ 
\. 

\ 
--.------~--

O.O~~--~----~----~----~--~----~ 

400 600 

Wavelength (nm) 

800 

Fig. 3.8. Electronic spectrum of compound 5. 

Complex 6 (Fig. 3.9) exhibits a broad d-d band at 645 nm. The 

charge transfer band appears at 438 run. The ligand centered 

transitions are seen at 350 and 290 run. 
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Fig. 3.9. Electronic spectrum of compound 6. 

Complex 7 (Fig. 3.10) has a broad band at 600 nm, which can be 

assigned as the d-d transition of the Cu2+ ion. The charge transfer 

transition overlaps with the n ~ 1[ * transitions of the ligand and is 

observed at 390 nm. The peak at 292 nm corresponds to the 1[ ~ 1[ * 
transition of the ligand. 

1.0 
1.6 

~ 1.2 ... 
~ 

.Q 2: 0.8 

'" .Q 

-( 0.4 

O.O-'--,.-.---~----.--~--, O.O+-~--,-------,-----.-~--"i 
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Fig. 3.1 O. Electronic spectrum of compound 7. 
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In complex 8 (Fig. 3.11), the d-d transition was observed as a 

very broad band at 685 nm. The intraligand transitions were obtained 

at 384 (n ---) 1! *) and 292 nm (1! ---) 1! *). 

2.0 
(\ 

\ 
~---~------.-

O.O~~--~----~--~----~--~--~ 

0.5 

300 500 700 900 

Wavelength (nm) 

Fig. 3.11. Electronic spectrum of compound 8. 

The d-d transition in complex 9 (Fig. 3.12) was obtained as a 

broad band in the range 530-880 nm with the band centre at around 

700 nm. The NCS ~Cu(II) LMCT is seen at 420 nm and a higher 

energy charge transfer band occurs due to N~Cu(II) transition at 

365 nm. The n ---) 1! * and 1! ---) 1! * transitions of the ligand are 

viewed at 311 and 288 nm respectively. 
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Fig. 3.12. Electronic spectrum of compound 9. 

The d-d transition in complex 10 (Fig. 3.13) was obtained as a broad 

band at 630 nm. The charge transfer transition observed at 425 run is due 

to N3 ~Cu(II) LMCT. The n ~ 7r * and 7r ~ 7r * transitions of the 

ligand are viewed at 323 (sh) and 295 nm respectively. 
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Fig. 3.13. Electronic spectrum of compound 10. 

The thiocyanato complex 11 (Fig. 3.14) displays a d-d transition 

at 561 nm with a lower energy shoulder at 655 nm, corresponding to a 
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five coordinate square pyramidal geometry for Cu(II). The charge 

transfer band in the complex is viewed at 423 nm and the ligand 

centered transitions are seen at 325 and 293 nm. 
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Fig. 3.14. Electronic spectrum of compound 11. 

For the Cu(II) complex 12 (Fig. 3.15), the ligand field transition is 

obtained as a broad band ca. 650 nm. Due to the broadness of the band, this 

band could not be resolved. The charge transfer band that also contributes 

to the observed green color, for the compound is observed in the visible 

region at 445 nm. The n ~ 1C * and 1C ~ 1C * transitions of the ligand are 

viewed at 370 and 295 nm respectively in complex 12. These transitions 

were observed at 334 and 291 run respectively in the ligand. The 1C ~ 1C * 
transitions of the ligand thus show a shift to longer wavelengths in the 

complex upon complexation. The red shift in the case of n ~ 1C * 
transition indicates coordination of the azomethine nitrogen atom of the 

Schiff base [64]. 
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Fig. 3.15. Electronic spectrum of compound 12. 

The d-d electronic transition for the single electron in Cu2
+ in 

complex 13 was observed as a broad band at 700 nm (Fig. 3.16). 

The charge transfer band was obtained in conjugation with the 

n ---j. Jr * transition. The n ~ Jr * and Jr ---j. Jr * transitions due to 

the ligand are viewed at 365 and 297 nm respectively. These 

transitions were observed at 334 and 291 nm in the free ligand. 

The red shift observed for these transitions in the complex is 

indicative of coordination. 
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Fig. 3.16. Electronic spectrum of compound 13. 
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3.4.3b Electron paramagnetic spectra 

Electron paramagnetic resonance (EPR) spectroscopy is a 

powerful tool in the study of the structures and environments of 

species that contain unpaired electrons, such as transition-metal 

IOns, organic free radicals and electronically excited states. An 

easy application of EPR spectroscopy uses the Cu(II) IOn 

(3d9 electronic configuration), a particularly favourable example of 

a metal ion that exhibits a wide range of stereochemistries (tetra-, 

penta- and hex a-coordinated) along with a variety of intermediate 

situations. The geometry of the complex affects the electronic 

properties of the Cu(II) ion, establishes the order of the energy 

levels of the d orbitals, and consequently the ground state for a 

particular arrangement. Thus EPR spectroscopy plays a significant 

role in identifying the existence or otherwise of the compressed 

tetragonal or rhombic octahedral stereochemistry for the Cu(II) ion 

its six coordinate complexes [52,53,70]. The Cu(II) ion with the d9 

configuration, has an effective spin of s = ~ and associated spin 

angular momentum of ms = ±~ leads to a doubly degenerate spin 

energy state in the absence of magnetic field. On applying a 

magnetic field, this degeneracy is removed and transitions occur 

between the two levels, whose energy difference is given by 

iJE = hv = gfJH 

where h is Planck's constant, v is the frequency, g is the Lande 

splitting factor, fJ is the electron Bohr magneton and H is the 

magnetic field. 
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The factors that detennine the type of EPR spectrum are: 

a. the nature of the electronic ground state 

b. the symmetry of the effective ligand-field about the 

copper(lI) ion 

c. the mutual orientations of the local molecular axes of the 

separate copper(II) chromophores. 

The factors a and b deal with the mode of splitting of the 

five-fold degenerate 3d-orbitals by crystal fields of octahedral and 

tetrahedral symmetries which are inverse of each other. The orbital 

sequences of the various stereochemistries determine their ground 

states. For coordination geometries corresponding to an elongated 

octahedron, a square pyramid and square planar, the ground state is 

d 2 2' When the coordination around copper ion is a compressed 
x - y 

octahedron or a trigonal bipyramid, the ground state is d 2 .EPR 
z 

spectroscopy can distinguish the ground states a d 2 2 and d. 2 on the 
x - y " 

basis of the principal values of the g tensor in the anisotropic spectra. 

The third factor c, determines the amount of exchange coupling 

present, which is the major factor in reducing the amount of 

stereochemical information available from the EPR spectra [71]. 

The value of g is the primary empirical parameter that 

characterizes the response of a paramagnetic molecule and is loosely 

analogous to the chemical shift in NMR spectroscopy [72]. The g 

factors for the metal complexes are quite different from the g factor of a 
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free electron (ge ~ 2.0023) and they can be smaller or larger than ge. 

The shifts in the g value are caused by the influence of spin-orbit 

coupling. 

The EPR spectra of the compounds 1-13 were recorded in the 

X-band frequency. The various magnetic interaction parameters are 

summarized in Table 3.4. 

The X-band EPR spectrum of complex 1 in the polycrystalline 

state at room temperature exhibited a broad isotropic spectrum with a 

giso of 2.099. The broadness of the spectrum may be attributed to the 

strong dipolar and exchange interactions present between the Cu2
+ ions 

in the polycrystalline sample. Such broad spectrum is not informative 

in interpreting the geometry of the complex. The Cu2
+ signal was very 

weak and could be obtained only at very high receiver gains. The 

broadness of the spectrum and the weak signal maybe due to the large 

antiferromagnetic interaction between the metal ions decreasing the 

paramagnetism due to Cu(U) centers [73,74]. The EPR spectrum of 

compound 1 in solution at 77 K (Fig. 3.17) is a typical axial spectrum 

with gll= 2.194 and g.L = 2.046. gav calculated as gav=ih(gll+2g.L) 

has the value 2.096. The parallel region of the spectrum is well 

resolved and consists of a set of four hyperfine line due to the 

interaction of the electron with the Cu(U) nucleus (No: of hyperfine 

lines = 2nI+ 1 and for 65CU, I = 3;z). The hyperfine lines will be 

separated by the nuclear hyperfine splitting constant A. The nuclear 

hyperfine splitting constant in the parallel region, i.e., All is found to be 
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187.8 X 10-4 cm-I. The perpendicular region of the spectrum is devoid 

of hyperfine splitting. The trend in the g values, gll > g.l >2.0023 

indicates square pyramidal geometry for Cu(II) with the d x' _ ,2 ground 

state [75-77]. The gll> g.l> 2.0023 rules out the possibility of a 

trigonal bipyramidal structure for which g.l> gp = 2.0023 is expected. 

The gH value provides infonnation regarding the nature of metal-ligand 

bond [78]. The value gll is normally 2.3 or larger for ionic and less 

than 2.3 for covalent metal-ligand bonds. The g;1 value obtained 

indicates a significant degree of covalency in the metal-ligand bonds. 

\ 

\J 
I 
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I 

2800 
I 
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I 

3200 
I 

3400 

H(G) 

Fig. 3.17. EPR spectrum of compound 1 in DMF at 77 K. 
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The compound 2 in the polycrystalline state at room temperature 

(Fig. 3.18) exhibited a broad isotropic spectrum with a giso of 2.102. 

The broadness of the spectrum may be attributed to the strong dipolar 

and exchange interactions present between the Cu2
+ ions in the 

polycrystalline sample. Such broad spectrum is not infonnative in 

interpreting the geometry of the complex. 

i'i , , , , , 
2400 2600 2800 3000 3200 3400 3600 3800 

H(G) 

Fig. 3.18. EPR spectrum of compound 2 in polycrystalline state at 
298 K. 

The spectrum in solution at 77 K (Fig. 3.19) is a typical axial 

spectrum with gll = 2.238 and g.L = 2.059, gav= 2.118. 

gll > g.L >2.0023 indicates an axial symmetry for Cu(II) with the d xl_ yl 
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ground state. The gll value (>2.3) indicates the covalent character of 

the Cu(II)-N bonds. The parallel region of the spectrum is well

defined and shows a multi pi et structure consisting of seven lines 

corresponding to the hyperfine interaction with two copper atoms. The 

All value is found to be 102.7 x 10-4 cm-I and the perpendicular region 

is devoid of hyperfine lines. 

- ... ~ 

H (G) 

Fig. 3.19. EPR spectrum of compound 2 in DMF at 77 K. 

In polynuclear copper(II) complexes, due to Cu-Cu dipolar 

interaction, the zero field splitting parameter, D gives rise to transitions 

corresponding to !!.Ms = ± 2 [79]. In the X-band spectra, !!.Ms = ± 1 
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transitions are associated with fields of 3000 Gauss, while the 8M s = ± 2 

transition generate an absorption at the half field value of 1500 Gauss 

and the presence of this half field band is a useful criterion for dipolar 

interaction from the presence of some dinuclear (or polynuclear) 

complex fonnation. In the solution spectrum of 2 at 77 K, there is a 

signal at 1380 G with a g value 4.760 due to the half-field I1Ms = ± 2 

forbidden transition, indicating that the complex is dimeric and thus the 

presence of magnetic exchange interaction between the copper ions in 

solution. Thus a partial dissociation of the complex on coordination 

with solvent in solution, but with the dimeric structure retained is 

suggested. 

Compound 3 in polycrystalline state at 298 K (Fig. 3.20) displayed 

an axial spectrum with gll = 2.136, g J. = 2.065. gll > g J. >2.0023 indicates 

square pyramidal geometry for Cu(II) with the d, 2 ground state. The 
x - y 

gll value «2.3) indicates the covalent character of the Cu(JI)-N bonds. 

The geometric parameter G, which is a measure of the exchange 

interaction between copper centers in the polycrystalline compound, is 

calculated using the equation G = (gll-2)/( g J. -2) [49]. If G > 4, then the 

local tetragonal axes are aligned parallel or only slightly misaligned and 

the g values are near to the molecular g values. So exchange interaction 

is negligible and the unit cell of the complex contains magnetically 

equivalent sites. G value less than 4 indicates significant exchange 

interaction among the Cu(II) ions in the unit cell. So the g values of 

the polycrystalline sample will be different from the molecular g 
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values [49,71,80]. G is found to be less than 4.0 in the present complex, 

suggesting considerable exchange coupling interactions in the complex 

in the polycrystalline state. The gl value is relatively small and this can 

be attributed to a small influence of the spin-orbit coupling in the parallel 

direction and hence a large cl 1 ,-4 d. energy gap [81]. x - y .~.\-

1 i i , i 

2600 2800 3000 3200 3400 

H (G) 

Fig. 3.20. EPR spectrum of compound 3 in polycrystalline state at 
298 K. 

The frozen solution EPR spectrum (Fig. 3.21) of the compound in 

DMF at 77 K revealed axial characters. At 77 K, the signal appears 

more resolved with gll = 2.189 and a very intense g.L = 2.052. gll < 2.3 

indicates a fair degree of covalent character in the Cu-L bonding and 
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gil> g 1.. >2.0023 is consistent with a square pyramidal geometry and the 

d 2 2 ground state and negates the trigonal bipyramidal structure. For 
< - y 

Cu(JI) complexes, the g values may display evidence for copper nuclear 

hypcrfine splitting, 2nl+ 1, for 65CU, 1=% and the g value in the parallel 

region is split into four lines, separated by the nuclear hyperfine 

splitting constant A. All is found to be 191.4 x 10-4 cm-1 and the 

perpendicular region is devoid ofhypertine lines. 

, • I 

1400 1600 1800 

i I i 

3000 3200 3400 

H(G) 

Fig. 3.21. EPR spectrum of compound 3 in DMF at 77 K. 
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The solution EPR spectrum of compound 3 at 77 K, exhibited a 

half field signal at approximately 1575 G (g = 4.1708), which indicate 

that indeed a weak interaction between two Cu(II) ions within this 

compound is present. Thus a dimeric structure could be proposed for 

the square pyramidal complex 3. The g values in the polycrystalline 

state and solution do not show much difference suggesting that the 

complex retains its structure in solution. 

Compound 4 displayed a complicated EPR spectrum in the 

polycrystaJ1ine state at 298 K (Fig. 3.22) and in solution at 77 K 

(Fig. 3.23). This is probably due to complex exchange coupling 

interactions between the Cu(II) centers both in the solid state and in 

solution. The solid state spectrum is almost axial with a gll = 2.155, 

g-L = 2.066 and gav= 2.096. The hyperfine splitting observed in the 

parallel region is not clearly defined, so the determination of All was 

not possible. This also restricted the calculation of the bonding 

parameters. G value for the complex is less than 4 and this suggests the 

existence of strong exchange interactions in the Cu(II) complex in the 

solid state. Hexacoordinated Cu(II) complexes exhibit a tetragonal 

distortion due to Jahn Teller effect which reduces its symmetry from 0" 

to D 4" [82,83]. This results in anisotropy of the g-tensor. As the 

coordinated groups are not equivalent, only static distortion can occur 

[71,84,85]. As gll > g~, a tetragonal distortion is suggested, 

corresponding to an elongation along the Z axis. The unpaired electron 

still remains in the d 2 2 orbital in the distorted octahedral structure 
x -y 

71 



eli ap t~r -3. .. _ .. __________________ .. _ ... __ ... __ . . .......... ___ .. ___ .. _______ ._._ .. __ .. ___ .......... ___ m ___ •• _ ••• _ ••• __ ••• m _____ •••• ·_·· __ •••••• ___ ••• ___ ••••••• __ • ____ ..... __ ••••••• n _______ •• __ ··_· 

because the Jahn Teller induced distortion generally favours d 2 2 
X - Y 

while d 2 configuration are rare_ The g values in the complex are less 
z 

than 2.3 and it means that considerable covalent character is imparted 

to the metal-ligand bonds. The results are in accordance with the crystal 

structure of 4. 

i i' , 
2700 2800 2900 3000 3100 3200 3300 3400 

H(G) 

Fig. 3.22. EPR spectrum of compound 4 in polycrystalline state 
at 298 K. 

The EPR spectrum of 4 in DMF at 77 K is very similar to the 

spectra reported for other Cu(II) systems where considerable exchange 

interactions are present [40,86-88]. 
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i i 'i" , 
1500 2600 1700 2800 2900 3000 3100 3200 3300 

H(G) 

Fig. 3.23. EPR spectrum of compound 4 at 77 Kin DMF. 

The X-band EPR spectrum of complex 5 in the solid state at room 

temperature was very broad that the broadness of the spectrum 

restricted the accurate measurement of the g value. The broadness of 

the spectrum, almost equivalent to EPR silence maybe due to the large 

antiferromagnetic interaction between the metal ions [73,74]. The 

solution spectrum at 77 K (Fig. 3.24) displayed a typical axial spectrum 

with gll = 2.245, g-L = 2.065 and gav= 2.125. The parallel region is 

well resolved into six hyperfine splittings and the seventh one is hidden 

under the perpendicular features suggesting a dimeric state with two 
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copper centres. All = 106.5 X 10-4 cm-I. The perpendicular part is not 

resolved. gll > g 1. > 2.0023 suggests a d x2 _ y2 ground state and a square 

planar geometry around Cu(II). gll < 2.3 and the molecular bonding 

parameters imply a significant degree of covalent character in the Cu-L 

bonding. The parameter f (gd / All) is used as an index to express the 

range· of tetrahedral distortion from planarity. If the parameter lies 

between 105 and 150 cm, the complex is square planar and a value 

between 150 and 200 cm indicates a distorted tetrahedral geometry [89]. 

For the present case f = 193.7 cm, which indicates large tetrahedral 

distortion in the square planar complex. 

26'00 %8'00 30'00 3200 3400 

H(G) 

Fig. 3.24. EPR spectrum of compound 5 in DMF at 77 K. 
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Compound 6 (Fig. 3.25) in the solid state at room temperature 

exhibits an axial spectrum with gll = 2.219, g 1- = 2.078 and g av = 2.125. 

There are no hyperfine or superhyperfine lines. gll > g 1. > 2.0023 implies 

the geometry of the complex to be square pyramidal or square planar, with 

a d ,2 2 ground state and rules out the possibility of a trigonal 
x - y 

bipyramidal structure. The G value for the complex in the polycrystalline 

state is found to be 2.782, which is less than 4 and indicates exchange 

interactions between the Cu(II) ions in the solid state. But the absence of a 

signal at half-field corresponding to I1Ms = ± 2 forbidden transition 

indicates that the exchange interaction is weak. 

H(G) 

Fig. 3.25. EPR spectrum of compound 6 in polycrystalline state 
at 298 K. 
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The three signals observed for the compound 6 in solution at 77 K 

(Fig. 3.26) are in complete agreement with the rhombic distortion of the 

coordination sphere around the Cu(II) ion. The g values calculated are 

found to be gl = 1.999; g2 = 2.065; g3 = 2.269. The hyperfine spIittings 

are observed only in the higher g value region (A3 = 180.0 X 10-4 cm- I
)_ 

gli = g3 = 2.269 and gJ. = (gl + g2)12 = 2.032. 
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Fig. 3.26. EPR spectrum of compound 6 in DMF at 77 K. 
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In the rhombic spectra with g)< gz< g3, the rhombic spectral value, 

R = (gz - gl) I (g3 - g2 ) may be significant. If R > 1, a predominant 

d 2 ground state is present and if R < 1, a predominant d 2 2 ground state 
z x ~ y 

is present. When R = 1, then the ground state involves an approximately 

equal mixture of d 2 2 and d , , and the structure is intennediate between 
x ~ y z 

square planar and trigonal bipyramidal geometries [53,76,90,91]. In the 

present case, R < 1 (R = 0.3245) and is consistent with a square pyramidal 

geometry. This ground state is supported by the fact that the low field side 

of the spectrum is less intense than the high field side [92]. 

The X-band EPR spectrum of copper complex 7 (Fig. 3.27) 

exhibited a featureless axial spectrum in the polycrystalline state at 

298 K. The values gll = 2.197, g.l = 2.085 and gav= 2.123 can be 

obtained from the t:.Ms = ± 1 transition signal at 298 K. The pattem 

gll > g.l > 2.0023 is indicative of a copper(II) 3 d
x

' ~ y2 ground state, 

which points out the square pyramidal or square planar geometry of the 

complex. The gll > g.l > 2.0023 rules out the possibility of a trigonal 

bipyramidal structure. g!1 < 2.3 was observed and this indicates a fair 

degree of covalent character in the Cu-L bonding. For the spectrum of 

7 in the polycrystalline state, the exchange interaction parameter G is 

2.28, which points out to the existence of considerable Cu----Cu 

interactions and thus the possibility of a dimeric structure for the 

complex. The signal detected at about 1600 G (g = 4.093) is 

attributable to the "half-field" t:.M s = ± 2 forbidden transition and it 
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complex is retained in the solution also. Moreover, the Cu-L bonds are 

fairly strong that the dimer is not getting dissociated by the 

coordination of the solvent molecules. One of the most interesting 

features of this EPR spectrum is that it exhibits strong half field 

transition signals at both room temperature and 77 K, which is rarely 

observed in copper(lI) complexes, and the strong half field signal may 

be a sign of strong magnetic coupling between the bridging copper(II) 

ions. The second interesting feature of this EPR spectrum is that its 

strong and sharp signal is in contradistinction to the rule that the line 

width is proportional to the magnetic interaction and the strong 

magnetic interaction may lead to ESR silence [93,94]. 

~ 
1400 1600 1800 

H(G) 

Fig. 3.28. EPR spectrum of compound 7 in DMF at 77 K. 
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The X-band EPR spectrum of complex 8 in the solid state at room 

temperature was EPR silent. This fact maybe due to the large 

antiferromagnetic interaction between the metal ions which could be 

responsible for a broadening in the signal [73,93-95]. The solution 

spectrum at 77 K (Fig. 3.29) displays a typical axial spectrum with 

gu = 2.242, g.l = 2.052 and gav = 2.115, AI: = 160.4 x 10-4 cm-I. 

gll > g.l > 2.0023 suggests a d x2 _ y2 ground state and a square pyramidal 

geometry around Cu(II). gll < 2.3 and the molecular bonding parameters 

imply a significant degree of covalent character in the Cu-L bonding. 

There is a half-field signal of reasonable intensity at 1680 G with a g 

value 3.910, which confirms the dimeric structure for 8. 

H(G) 

Fig. 3.29. EPR spectrum of compound 8 in DMF at 77 K. 
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Complex 9 has a broad quasi-isotropic EPR spectrum (Fig. 3.30) in 

the polycrystalline state at room temperature with giso = 2.072, suggesting 

Cu-Cu interactions as found in other Cu(II) systems [66,96-99]. Small g 

value suggests dipolar broadening and enhanced spin lattice relaxation. 

, , , , , , 
2600 2800 3000 3200 3400 3600 

H (G) 

Fig. 3.30. EPR spectrum of compound 9 in polycrystalline state 
at 298 K. 

The spectrum of 9 in solution at 77 K (Fig. 3.31) is a typical axial 

type, with hyperfine lines in the parallel and perpendicular regions. 

gll = 2262, g ~ = 2.052, g av = 2.122, All = 172.5 x lO4 an-\ A~ = 76.6 X lO4 an-I. 

It should be mentioned here that the splittings observed in the 

perpendicular region were not well resolved, so the copper hyperfine 

splitting constant A ~ was calculated by taking one third of the line widths 
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at half maximum [100,101]. The pattern observed for the g values, 

grr > g.l >2.0023 indicates a square planar geometry for Cu(U) with the 

unpaired electron present in the d 2 ,orbital in the ground state. 
x - y 

i i i , , I i 
2400 2600 2800 3000 3200 3400 3600 

H(G) 

Fig. 3.31. EPR spectrum of compound 9 in DMF at 77 K. 

The contribution of the s electrons to the hyperfine interaction 

can be estimated by the value of Fermi contact hyperfine interaction 

tenn (Ko) using the equation [102]: 

where P is taken as 0.036 cm· l
, AisO as 1/3(AII+2Al.) and gav as 

113 ( grr +2 gJ.). Ko is a dimensionless quantity and is generally found to 

have a value of 0.3. The value calculated for complex 9 is 0.450, 
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which is in agreement with those estimated by Assour [103] and 

Abragam and Pryce [104]. The parameter f (gill All) is found to be 

131.1 cm in the present case, which confirms our assumption of a 

square planar geometry for complex 9. The gll value implies a fair 

amount of covalent character in the metal-ligand bond. 

The EPR spectrum of compound 10 in the polycrystalline sample at 

298 K (Fig. 3.32) was much less infonnative in interpreting the geometry 

as the broad spectrum revealed isotropic features, gi.>a 2.109. The Cu2
+ 

signal was very weak and the spectrum was obtained only at very high 

receiver gains. The above two observations may be due to strong dipolar 

and exchange interactions between the eu (ll) ions in the unit cell. 

, , , , , , 
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H(G) 

Fig. 3.32. EPR spectrum of compound 10 in polycrystalline state 
at 298 K. 
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Complex 10 exhibited an axial spectrum in DMF solution at 77 K 

(Fig. 3.33). The values of the g factor (gil = 2.257, g.i = 2.065 and 

g av = 2.129) are in accordance with an axial symmetry and d"l _ y' as 

ground state. 1bis indicates a square pyramidal geometry for Cu(ID in 

complex 10. 

2600 2800 3000 3200 3400 

H (G) 

Fig. 3.33. EPR spectrum of compound 10 in DMF at 77 K. 

The hyperfine splittings in the gll region are clearly visible with an 

All = 147.5 X 104 
cm-I. There is a weak signal at 1680 G with a g value 

3.910 corresponding to the half-field dN( = ± 2 forbidden transition, 

indicating the presence of dimeric system and the presence of magnetic 
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exchange interaction between the copper ions. The complex has 

probably undergone a partial dissociation in solution due to the 

coordination ofDMF molecules. 

The spectrum of compound 11 in the solid state at 298 K 

(Fig. 3.34) displayed a very weak Cu2
+ signal which is quasi-isotropic 

and centered at giso = 2.115. This observation may be due to the 

presence of very strong antiferromagnetic spin-coupling between the 

Cu2
+ ions in the solid state. Broad isotropic signals are not infonnative 

about the geometry of the complex. 

, , i , i , 
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H (G) 

Fig. 3.34. EPR spectrum of compound 11 in polycrystalline state 
at 298 K. 
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The spectrum in DMF solution at 77 K (Fig. 3.35) exhibits an 

axial pattern and the parallel part of the spectrum is well resolved into a 

set of four hyperfine lines owing to the coupling with the Cu(II) 

nucleus. gll =2.249, g.L =2.072 and gm.=2.l31. gll>g.L>2.0023 

indicates a d .2 1 ground state and a square planar geometry for 
oX -y 

Cu(II). All = 143.2 X 10.4 cm-' for the complex. The value of gil and 

the bonding parameters confinns significant covalent character for the 

Cu-N bonds. For the present casef = 157.0 cm, which indicates slight 

tetrahedral distortion in the square planar complex. The results are in 

accord with a monomeric square planar Cu(U) complex. 

I I I I I I I 
2400 2600 2800 3000 3200 3400 3600 

H(G) 

Fig. 3.35. EPR spectrum of compound 11 in DMF at 77 K. 
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The EPR spectrum of compound 12 in the polycrystalline 

sample at 298 K was not informative in interpreting the geometry as 

the spectrum was very broad, which restricted the calculation of the 

g values. The Cu2+ signal was very weak and the spectrum was 

obtained only at very high receiver gains. The above two 

observations may be due to strong dipolar and exchange interactions 

between the Cu(II) ions in the unit cell. The spectrum of 12 in DMF 

at 77 K (Fig. 3.36) was axial in character, gll = 2.263, g~ =0: 2.059 

and g",,= 2.127. 

I I I i I I I I 
2600 2700 2800 2900 3000 3100 3200 3300 

H(G) 

Fig. 3.36. EPR spectrum of compound 12 in DMF at 77 K. 
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The parallel region is well resolved into a set of seven hyperfi.ne lines as a 

result of the interaction of the electron spin with the spin of two nuclei of 

65CU (A'I == 96.8 x 10-4 cm-I). The perpendicular region also shows 

evidences ofhyperfine interaction, but is not well resolved as in the parallel 

region. So the calculation of A1. was done by taking one sixth of the line 

widths at half maximum. A 1. == 19.2 x 10-4 cm-I. gil > g 1. >2.0023 points out 

the square planar structure of the Cu(lI) complex with a d 2 , ground 
.x -y 

state. The gh value and the bonding parameters show a fair amount of 

covalency in the metal-ligand bonds. The value of Ko calculated for 

complex 12 is 0.1912, which is in agreement with the previous reports. 

The EPR spectrum of complex 13 in the solid state at room 

temperature displayed a very weak signal, which was obtained only at 

higher receiver gains. This may attributed to very strong antiferromagnetic 

spin-coupling occuning between the Cu(II) ions in the dimeric complex. 

G value could not be estimated fi'om the powder spectrum since there was 

only one broad signal and hence only one g value was obtained. The 

spectrum was much less informative in interpreting the geometry as the 

broad spectra revealed quasi-isotropic isotropic features with giso == 2.223. 

However, the spectrum measured in solution at 77 K (Fig. 3.37) is axial in 

character (gll = 2.238, g 1. = 2.052, g av = 2.114) with hyperfine splitting 

only in the parallel region (All == 212.5 x 10-4 cm-I). The pattern observed 

for the g values, i.e. gll > gl. >2.0023 points out the square planar structure 

of the Cu(II) complex with a dx'_y' ground state. The gll value and the 
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bonding parameters show a fair amount of covalency in the metal-ligand 

bonds. In the present case f = 105 cm, an observation which reinforces the 

assumption of a four coordinate square planar complex. The shape of the 

spectrum in DMF at 77 K (a dip associated with each hyperfine line) 

reveals the presence of two types ofCu(JI) in solution. This observation is 

probably due to the dissociation of the dimeric complex by coordination of 

the solvent molecule replacing the weakest ligated N atom in some of the 

Cu(II) sites. 

i , I "1 i 
2400 2600 2800 3000 3200 3400 3600 

H (G) 

Fig. 3.37. EPR spectrum of compound 13 in DMF at 77 K. 

The values of experimental magnetic parameters and the energies of 

the electronic d-d transitions have been used for evaluating the bonding 

parameters (molecular orbital coefficients) a2, rI and l a2 measures the 
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covalency of the in-plane cr bonds, i.e. the fraction of the unpaired electron 

density on the copper ion. a1 was estimated using the expression [78,105]. 

a 2 =_~ +(g -2.0023)+ 3(g.L -2.0023) +0.04 
0.036 11 7 

where A:I is the parallel coupling constant. If the value of a2 = 0.5, it 

indicates complete covalent bonding, while the value of a2 
= 1.0 

suggests complete ionic bonding. The calculated values of the bonding 

parameters for the complexes are within ranges and imply a significant 

covalent character in the metal-ligand bonds. 

The orbital reduction factors Ku and K.L and molecular orbital 

coefficients fi2 and l are calculated using expressions (106]: 

K = a 2j32 
11 

K.L = a 2
y2 

where Ao is the spin-orbit coupling constant and is of value -828 cm-I for 

Cu(II) et system, a is the (J bonding, fi the in-plane x-bonding and y, the out

of-plane x-bonding. Hathaway proposed that, for pure (J bonding, 

KII ~ K.L ~ 0.77; for in-plane 7l'-bonding, KII <K.L and for out-of-plane 

x-bonding, K.L < KII [35]. The values of KII and K 1. calculated for the 

complexes are listed in Table 3.4. 
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3.4.3c IR spectral studies 

IR spectroscopy is a useful tool to confirm the coordination of 

various atoms and groups to the metal atom from the positions and 

natures of the bands associated with them. However, it cannot be used 

alone to determine the stereochemistry and has to be coupled with other 

spectral techniques like EPR, electronic spectroscopy etc. 

The IR spectrum of compound 1 (Fig. 3.38) reveals a broad band 

around 3440 cm'] which corresponds to the lattice water present in the 

compound. The medium sharp peak at 1598 cm'l is assigned as the v(C=N) 

stretching mode of the azomethine function of the Schiff base, the position 

of which is in agreement with the previous reports and is thus indicative of 

the coordination of azomethine N [25,107]. The band (medium) at 1445 

cm'l is attributed to pyridyl ring stretching and the band at 1019 cm· l is due 

to pyridyl ring breathing. The in-plane ring deformation of the pyridyl ring 

and the pyridylling out-of-plane bending are observed at 652 and 493 cm'l 

as weak bands. The above observations indicate the pyridyl N coordination. 

The most relevant and the interesting bands in the IR spectrum of 1 

are those associated with the azido groups. A triplet pattern is seen in the 

spectrum, with a sharp strong peak at 2080 cm,l, a very strong sharp peak: 

at 2060 cm'l and a strong sharp feature at 2028 cm'l. A single strong peak 

at 2033 cm-I is observed for sodium azide. A shift from that wavenumber 

(both to higher and lower wavenumbers) of the vas(N3) stretching of the 

azide indicates that it must be coordinated. The triplet structure is due to 

the existence of three different kinds of azido groups. The peaks at higher 

wavenumbers may be assigned to be due to different kinds of bridging 
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azides. These different groups may either be both J.i1,1 and J.i1,3 azide 

bridges present in the complex or even the asymmetric nature of the 

complex can reasonably account for the obselVation of two peaks for any 

one kind of azide bridge. It seems that the second reason is the most 

probable on the basis of previous reports [108]. In the absence of X-ray 

crystal structure results, it is not possible to draw any definite conclusions. 

The lower peak at 2028 cm-1 is due to terminally bound azide. The Vs(N3) 

stretching mode of the azide group is obselVed at 1359 and 1337 cm-I as 

bands of medium intensity. This also indicates the presence of two kinds 

of azide groups. The vs(N3) vibration mode in inactive in end-to-end 

bridges which possess high symmetry [109). The term high symmetry 

refers to the case where there is very small or negligible difference in the 

N-N bond lengths of the azide group. The presence of the vs(N3) 

stretching band in the present case rules out the possibility of a highly 

symmetrical end-to-end azide bridge. The defonnation mode of the azido 

ligand is observed as a weak band at 692 cm-I. 

100 

~ 
u = ell 
:t: ..... 

50 S 
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Wavenumber (cm-I) 

Fig. 3.38. IR spectrum of compound 1. 
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A broad band at 3460 cm -I is due to the presence of lattice water 

in complex 2 (Fig 3.39). The v(C=N) stretch of the azomethine group 

occurs as a medium band at 1594 cm-' and indicates the azomethine N 

coordination to the copper. The coordination of the pyridyl nitrogen is 

confinned by the presence ofpyridyl ring stretch at 1487 cm-I, pyridyl 

ring breathing at 1027 cm-I, pyridyl in-plane ring defonnation at 683 

cm-I and pyridyl out-of-plane ring defonnation at 415 cm-!. 

QJ 
(.J 
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• 1:: 
S 
rIl 

= ~ 
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Eo-
~ Q 

100 

50 
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4000 3000 2000 1000 

-I 
Wavenumber (cm) 

Fig. 3.39. IR spectrum of compound 2. 

The most interesting part of the spectrum is the 2000-2100 cm-' 

region where the strong absorption bands due to the thiocyanate group 

is visible. The spectrum of KCNS has a single strong absorption at 

2053 cm-) due to the vas(CN) stretching. A shift from this wavenumber 

evidently indicates the coordination of the NCS group. Several 

empirical criteria have been developed to detennine the bonding mode 

of thiocyanate ligands in metal complexes. 
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a. The CN stretching frequencies are generally lower in 

N-bonded complexes (near and below 2050 cm"l) than in S

bonded complexes (near 2100 cm-I) [110]. The bridging 

(M-NCS-M') complexes exhibit v(CN) vibrations above 2100 

cm"l. But deviations from this rule is frequently observed since 

v( CN) are affected by many other factors as well [111]. 

b. v(CS) at 860-780 cm-' are observed for N-bonded and at 

720-690 cm"} for S- bonded complexes. But the band due to 

v(CS) is rather weak and is often obscured by the presence of 

other bands in the same region [112-114]. 

c. The N-bonded complex exhibits a single sharp 8(NCS) near 

480 cm-', whereas the S-bonded complex shows bands of low 

intensity near 420 cm"l. But these bands are also weak and 

tend to be obscured by other bands [113,114]. 

The IR spectrum of 2 has a single strong and sharp peak at 2105 

cm· 1 assignable to the v(CN) stretching mode of a thiocyanate group. 

The number and position of the peak suggests the presence of bridging 

thiocyanate group. The v(CS) is found at 774 cm- l and the 8(NCS) 

bending mode is obtained at 533 cm"l. 

Complex 3 (Fig. 3.40) shows a medium band at 1600 cm· 1 

assignable to the v(C=N) stretching mode of the azomethine group, 

indicating the azomethine N coordination. The pyridyl N of the Schiff 

base is also coordinated as evident from the shifts in the absorption 

frequencies due to the pyridyl ring. The pyridyl ring stretching is 
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observed at 1446 cm -[, the breathing mode of the pyridyl ring is at 1025 

cm-[ and the pyridyl in-plane and out-of-plane ring defonnation is at 

652 and 416 cm-1 respectively. The characteristic Vas(N3) stretch due to 

the azide ligand is observed as a doublet at 2056 and 2039 cm-[ _ The 

band observed at 1581 cm-I, was assigned to be due to the bridging 

azido group and the one at 2039 cm-1 is assigned to the terminal azido 

group. The Vs(N3) band at 1339 cm-[ suggests the azido bridge to be 

asymmetric. The bending mode of the azide is observed at 703 cm-I. 

A broad band at 3440 cm-1 is due to the presence of lattice water in the 

complex. 

100 

o 

4000 3000 2000 

-1 
Wavenumber (cm ) 

1000 

Fig. 3.40. IR spectrum of compound 3. 

Compound 4 (Fig. 3.41) has very strong peaks at 1630 and 1603 

cm-I, duly assigned as the v(C=O) and the v(CN) of the amide. The 

stretching frequencies of the c=o group and the C-N bond suffer shifts 

to the lower values upon complexation. The absence of the band 
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corresponding to the V(NH2) confirms our hypothesis of the formation 

of the complex 4. The pyridine N is also coordinated to the metal as 

evidenced by the peaks at 1448, 1049,695 and 419 cm-' for the various 

stretching and deformation modes of the pyridine ring. There are no 

strong absorptions in the 2100-2000 cm- l region and is in accord with 

the crystal structure for the complex, in which there are no thiocyanate 

groups. The crystal structure shows the presence of lattice water, 

which shows a broad absorption at 3450 crn-'. 

~ 
v 

== ~ ..... ..... . ~ 
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Fig. 3.41. IR spectrum of compound 4. 

The spectrum of 5 (Fig. 3.42) shows a broad band due to v{NH) 

of the ligand 2-aminopyrimidine at 3350 cm-I. The C=N stretching 

modes of the pyrimidine ring is at 1607 cm-I. Coordination of azido 

ligand is confirmed by the presence of four strong bands at 2125, 2095, 

2075 and 2054 cm-I for the vas(N3) stretching vibration. Such an 

observation is consistent with the presence of both end-to-end and end-
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on azido bridges in the compound [115]. The azide symmetric stretch, 

vs(N3), appears at about 1300 cm-I in the compounds with the end-on 

bridging mode. This band is not active for the symmetrical end-to-end 

coordination mode. For the present compound, it appears at 1346 cm-I 

due to the presence of end-on bridges in the structure. The band 

corresponding to the deformation mode (b) of the azido group can be 

observed at 652 cm-I. 
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Fig. 3.42. IR spectrum of compound 5. 

Elemental analysis reveals the complex 6 to be formed from the 

parent aldehyde, pyridine-2-carbaldehyde and not from the Schiff base. 

IR data supports this statement. The spectrum (Fig 3.43) has a strong 

band at 1634 cm-'assigned to the v(C=O) of the aldehyde and the shift 

observed in the frequency compared to that of the free aldehyde 

confirms its coordination to the metal. The v(C=N) of the pyridine ring 

is observed at 1603 cm-I and the other characteristic vibrations of the 
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pyridine ring are observed in the usual ranges. The characteristic 

vibrations due to the thiocyanate group are observed as a complicated 

pattern consisting of a set of five peaks from 2176-2083 cm· l
. It is 

indicative of the presence of both bridging and terminal NCS ligands in 

the complex. The lack of single crystal analysis restricts the absolute 

assignment of these peaks. 

100 

O+---~--~--~---.--~~--.---~ 

4000 3000 2000 
-I 

Wavenumber (cm) 

1000 

Fig. 3.43. IR spectrum of compound 6. 

Complex 7 (Fig 3.44) exhibits the v(C=N) of the azomethine 

function of the Schiffbase at 1588 cm-I as a medium band. The pyridyl 

ring vibrations are observed in the usual ranges. The band observed as 

a doublet at 2055 and 2038 cm-I corresponding to the vas(N3) stretching 

suggests the presence of two types of azide groups- bridging and 

terminal. The Vs(N3) stretching band at 1333 cm-I confirms the 

bridging mode of the azide to be end-on since this mode is active for 
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end-on bridges and inactive for symmetric end-to-end bridges. The 

bending mode of the azide ligand is observed at 695 cm-I. 

~ 
u 

= ~ -.".:: 
E 
'" = ~ 
j.,. 

~ 

~ Q 

100 

50 

0 

4000 

... --./\ (I(II~l1{~i'I(~ 

~ 
3000 2000 

-1 
Wavenumber (cm) 

1000 

Fig. 3.44, IR spectrum of compound 7. 

According to the elemental analysis, the ligand formed between dpk 

and aniline has undergone hydrolysis to fonn the unimethylated diol of dpk, 

which then fonns the metal complex 8. IR data (Fig 3.45) support this 

observation. The broad and medium intensity band at 3360 cm- I is assigned 

to the v(OH) vibrations. The broadness and relatively low frequencies of 

these bands are both indicative of hydrogen bonding [116]. In relation to the 

absorptions caused by the organic ligand dpk reported previously, it is worth 

mentioning that the band at 1680 cm'\ assigned to the c=o bond in dpk, is 

shifted to lower frequencies at 1603 cm-I after solvolysis due to the presence 

of the C-O bond in the complex [30,117]. The bands assigned to the 

pyridyl ring stretching modes are also remarkably shifted, relative to the free 

dpk ligand, due to the loss of coplanarity between the pyridyl rings after 
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rehybridisation from Sp2 to Sp3. The pyridyl ring stretching modes in the 

free dpk at 1578 cm-I is shifted to 1439 cm-I, the ring breathing vibrations in 

dpk at 998 cm-I suffer a negative shift and moves to 1048 cm-I, the pyridyl 

C-H out-of-plane bending in dpk as a doublet at 753 cm-I and 742 cm-I 

shifts in the complex to 762 cm- l and the in-plane vibrations of the pyridyl 

rings shifts to higher frequencies fonn 662 cm- l to 687 cm-! in the complex. 

The characteristic v,lS(N3) stretching vibrations due to the azide ligand is 

observed as very strong doublets at 2073 and 2038 cm-I. The presence of 

two peaks indicates the occurrence of two types of azides in the complex, 

bridging as well as tenninal azide group. The peak at 2073 cm-! is 

assignable to the bridging azide and the peak at 2038 cm-! is due to 

terminally bound azide in the complex. The medium band at 1338 cm-' 

may be assigned to the vs(N3) stretch and is suggestive of the bridging azide 

to be of the end-on type, since the symmetrical viN3) stretch of end-to-end 

azide bridge is not IR active. 
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Fig. 3.45. IR spectrum of compound 8. 
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In complex 9 (Fig 3.46) also the dpk molecule is coordinating as 

its unimethylated diol. The IR pattern is very similar to the complex 8 

and the main difference lies in the 2100-2000 cm- 1 region of the 

spectrum. Complex 9 exhibits a broad band of medium intensity at 

3445 cm-I due to the v(OH) vibrations. The band at 1680 cm-I, 

assigned to the c=o bond in dpk, is shifted to lower frequencies at 

1605 cm-I in the complex due to the conversion to c-o bond on 

solvolysis. The vibrations of the pyridyl ring in the free ligand also 

suffers appreciable shift in frequencies upon complexation. In addition 

a single strong and sharp peak is observed at 2090 cm-I, attributable to 

the v(CN) stretching of the N-bonded tenninal thiocyanate ligand in the 

complex. The v(CS) is at 762 cm- l and the bending vibration of the 

NCS group is at 473 cm-I, which again confinns the presence of 

N-bonded tern1inal NCS group. 

100 
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Fig. 3.46. IR spectrum of compound 9. 
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Complex 10 (Fig. 3.47) has a medium band at 1592 cm-I due to 

azomethine function, which supports the coordination of imine N to 

copper. The pyridyl ring vibrations are shifted appreciably in the 

complex on comparison with the free pyridyl ring and is thus 

indicative of coordination through pyridyl N. The vas(N3) stretching 

vibrations due to the azido ligand exhibits a doublet structure with a 

very strong band at 2064 cm-land a strong band at 2032 cm-I. This 

is consistent with the presence of bridging and terminal azides in the 

complex. The vs(N3) peak at 1340 cm-I rules out the presence of 

symmetrical end-to-end azide bridges as their vs(N 3) stretching 

vibration is IR inactive. So the bridging azide is confirmed as an 

end-on azide bridge. The bending mode of the azido ligand is 

observed at 691 cm-I. 

104 

100 

O+---~---.--~----r---~---.--~ 
4000 3000 2000 

-I Wavenumber (cm ) 

1000 

Fig. 3.47. IR spectrum of compound 10. 
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In the thiocyanate complex 11 (Fig 3.48), the medium intensity 

peak at 1591 cm'l is assigned to the absorption of the azomethine 

function and indicates its coordination. The pyridyl vibrations are 

observed in the usual ranges and suggest the coordination of pyridyl N. 

A very strong peak at 2109 cm" is due to the v(CN) stretching of the 

thiocyanate group. The position of the peak and its structure (singlet) 

points out to the presence of N-bonded tenninal thiocyanate group in 

the complex. The v(CS) of the NCS ligand at 748 cm'l and the bending 

vibration of the NCS group is at 492 cm'l also indicates coordination 

through N atom of the terminal NCS ligand. 

~ 
u =: 
~ 

t:: ·s 
t'-l = ~ 
~ 

E--
~ Q 

100 

50 

0 
4000 3000 2000 

·1 
Wavenumber (cm) 

1000 

Fig. 3.48. IR spectrum of compound 11. 

The IR spectrum of compound 12 (Fig. 3.49) can be compared 

with the spectrum of the ligand Hhmba and the differences in the 

frequencies of various functions and groups can be regarded as the 

evidence for coordination, The spectrum of ligand has a broad band 
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at 3440 cm-) due to the stretching mode of the O-H group in the ligand. 

This band is absent in the complex, which means that the deprotonation 

of the ligand has taken place the oxygen atom is bonded to the metal. 

The v(C=N) stretching vibration of the azomethine function is observed 

as a band of medium intensity at 1624 cm-I in the ligand. This band 

shifts by about 30 cm-I and is seen as a medium intensity band at 1585 

cm-I in the spectrum of the complex. This is a very good evidence for 

the coordination of the azomethine N. Thus, the deprotonated ligand 

coordinates to the copper ion through the 0 atom and the azomethine N. 

100 

O+---~--~----~--~--~----.---~ 
4000 3000 2000 

-I 
Wavenumber (cm) 

1000 

Fig. 3.49. IR spectrum of compound 12. 

The bands assignable to the vas(N3) stretching of the azido ligand 

is visible as a very strong band at 2090 cm-I. The singlet structure of 

this band indicates the presence of one type of azide in the complex and 

the high frequency of absorption suggests that the azide ligand is in the 

fonn of bridges. The presence of a medium intensity band at 1369 cm- l
, 
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assignable to the symmetric stretching of the azide indicates that the 

azide bridges are probably of the end-on type since this mode is IR 

inactive for the end-to-end bridges. The bending vibration of the azide 

is seen at 695 cm-! as a weak band. 

The IR spectrum of complex 13 (Fig 3.50) lacks the band due to 

the stretching vibrations of the O-H group indicative of the 

deprotonation of the ligand and coordination through the 0 atom. The 

v(C=N) stretching vibration of the azomethine function is observed as a 

band of medium intensity at 1624 cm- l in the ligand. This shifts to 

lower frequency and is observed at 1606 cm-] in the complex. In 

addition a single strong and sharp peak is observed at 2119 cm-!, 

attributable to the v(CN) stretching of the thiocyanate ligand in the blidged 

coordination mode in the complex. The v(CS) band is at 837 cm-! and the 

bending vibration of the NCS group is at 453 cm-I. 

100 

O+---~--~----~--~--~--~----~ 

4000 3000 2000 
-I 

Wavenumber (cm ) 

1000 

Fig. 3.50. IR spectrum of compound 13. 
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Syntheses, structural and spectral investigations of 
manganese(II) complexes of Schiff bases with 

azide and thiocyanate 

4.1 Introduction 

Manganese is relatively abundant element, constituting about 

0.085% of the earth's crust. Manganese complexes play important 

roles ranging from bioinorganic chemistry to solid-state physics. 

Particularly, over the past decade there has been a considerable interest 

in synthesizing biomimetic complexes that can act as manganoenzymes 

such as superoxide dismutase (SOD) [1]. Interest in manganese 

complexes of varying nuclearities continues to be stimulated by the 

presence of manganese at the active sites of biological systems such as 

photosystem II in green plants, ribonucleotide reductase, superoxide 

dismutase, and the Mn catalases [2-9], the variability in magnetic 

behavior of polynuclear manganese clusters, which for some systems 

has been exploited in the development of infonnation storage devices 

[10-12] and the use of such complexes as catalysts for bleaching and 

organic synthesis [13-15]. 

Manganese plays a major key role in many biological redox 

processes, including water oxidation complex in photosystem II, 

decomposition of O2" radicals catalysed by superoxide dismutases 

(SODs) and disproportionation of hydrogen peroxide (catalase activity) 
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in microorganisms, a reaction which is important for cell detoxification. 

In all these diverse biologically important roles of manganese, it is 

present either as mononuclear (SOD, manganese dioxygenase) or 

polynuclear species (WOe, tetranuclear), catalase and ribonucleotide 

reductase (binuclear). In manganese biosystems, the azide ion is 

known to inihibit the superoxide dismutation m mononuclear 

superoxide dismutases via binding to the metal at the active site in both 

the Mn(H) and Mn(III) oxidation states [16]. The function of dinuclear 

active sites in Mn catalases, which catalyze the conversion of toxic 

peroxide to oxygen and water in certain bacteria, is also dramatically 

inhibited by azide (17-22J. 

Gao et al. reports the structure and magnetism of Mn(H) one 

dimensional coordination polymers built from azide bridges and Schiff 

base obtained by the condensation of pyridine-2-carbaldehyde with 

aniline and its derivatives [23J. The complexes synthesized contain 

alternating end-on and end-to-end azide bridges, which mediate 

alternating ferromagnetic and antiferromagnetic exchange interactions 

respectively. Wen and coworkers prepared one dimensional chiral 

coordination polymers of manganese(II) using azide and a Schiff 

base (obtained from pyridine-2-carbaldehyde and I-phenylethyl 

amine) as the auxiliary ligand [24]. In these complexes, there is 

weak antiferromagnetic coupling between Mn(H) ions. The use of 

di-2-pyridyl ketone in conjugation with dicyanamide and azide gave 

cubane and defective double-cubane clusters of Mn(II) respectively, 

both of which are found to be antiferromagnetic in nature [25,26]. 
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4.2 Stereochemistry 

Manganese shows a wide range of oxidation states ranging from 

(-Ill) to (+VIl). The divalent state is the most common and most stable 

oxidation state. The usually exhibited geometry is octahedral. 

Manganese(II) complexes, in general, belong to a high-spin d5 system 

with a 6 S ground state, which do not have strong stereochemical 

preferences and can exist both in tetrahedral and octahedral 

coordination environment depending on the structural demand of the 

coordinated ligands. Five coordinate manganese(II) complexes have 

also been reported. 

4.3 Experimental 

4.3.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), di-2-pyridyl ketone 

(Sigrna AIdrich), aniline (S. D. Fine), R-l-phenylethyl amine (AIfa 

Aeser), Mn(CI04h·6H20 (Sigrna Aldrich), Mn(OAchAH20 (Merck), 

MnCh'4H20 (Sigrna Aldrich), NaN3 (Reidel-De Haen), KCNS (BDH) 

and methanol (Merck) were used as received. 

4.3.2 Syntheses of manganese(II) complexes 

Mn2(paah(N3)4 (14): A mixture of pyridine-2-carbaldehyde (0.107 g, 

1 mmol) in methanol and aniline (0.093 g, 1 mmol) in methanol were 

refluxed for 2 hours. To this Mn(CI04h'6H20 (0.362 g, 1 mmol) 

dissolved in methanol was added and stirred followed by the slow 

addition of an aqueous solution of NaN3 (0.130 g, 2 mmol), The 

resulting solution was further stirred for 15 minutes to obtain an orange 
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precipitate. It was then filtered, washed with water, methanol and 

finally with ether and dried over P 4010 in vacuo. Elemental Anal. 

Found (Calcd.) (%): C, 44.54 (44.87); H, 3.14 (3.14); N, 34.70 (34.89). 

1.1. = 5.06 B.M. 

[Mn(paa)z(NCS)z]o3/2H20 (15): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and aniline (0.093 g, 1 mmol) in 

methanol were refluxed for 2 hours. Mn(OAch'4H20 (0.245 g, 

1 mmol) dissolved in methanol and solid KCNS (0.194 g, 2 mmol) was 

added to this and refluxed for 4 hours. A pale brown solid separated 

out after two days from the reaction mixture, which was filtered, 

washed with water, methanol and ether and dried over P4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 54.93 (55.51); H, 3.69 (4.12); 

N, 15.42 (14.94); S, 12.25 (11.40).1.1. = 6.05 B.M. 

Mn(papeah(NCS)2 (16): Pyridine-2-carbaldehyde (0.107 g, 1 mmol) 

and R-l-phenylethyl amine (0.121 g, 1 mmol) were refluxed in 

methanol for 2 hours. A methanolic solution of MnCh'4H20 (0.198 g, 

1 mmol) and solid KCNS (0.194 g, 2 mmol) was added to this and 

refluxed 4 hours. The yellow single crystals suitable for X-ray 

diffraction were isolated within two days in appreciable yield, which 

were mechanically separated and dried. Elemental Anal. Found 

(Calcd.) (%): C, 60.64 (60.90); H, 4.66 (4.77); N, 14.16 (14.20). 

1.1. = 5.92 B.M. 

(Mn(dpkah(NCSh]·1/2H20 (17a) and Mn(dpkah(NCS)2 (17b): 

Di-2-pyridyl ketone (0.187 g, 1 mmol) was dissolved in methanol and 
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aniline (0.093 g, 1 mmol) was added to this. About 4-5 drops of glacial 

acetic acid was also added and refluxed for 6 hours. To the above 

solution, Mn(OAch'4H20 (0.245 g, 1 mmol) dissolved in methanol 

was added. An aqueous solution of KCNS (0.194 g, 2 mmol) was also 

added. The resulting solution was reflux cd for 2 hours. An orange 

colored crystalline product (17a) was obtained within a week, filtered, 

washed with ether and dried over P 4010 in vacuo. The filtrate on 

evaporation yielded orange X-ray quality single crystals of 17b. 

Elemental Anal. of 17a. Found (Calcd.) (%): C, 61.77 (61.88); H, 3.82 

(3.89); N, 16.10 (16.04). Elemental Anal. of 17b. Found (Calcd.) (%): 

C, 62.95 (62.69); H, 3.56 (3.80); N, 15.98 (16.25). 11 = 5.73 B.M. 

Caution! Although not encountered in our experiments, azide 

complexes are potentially explosive. Only a small amount of the 

material should be prepared, and it should be handled with care. 

4.4 Results and discussion 

The condensation of aldehydelketone and amine in I: 1 molar 

ratio yielded the Schiff base ligands, which were used without 

further purification for the synthesis of the complexes by reaction in 

presence of pseudohalides NaN 3/KCNS. All the complexes had the 

Schiff bases as neutral bidentate N, N donor ligands. Even though 

the Schiff base obtained by the condensation between di-2-pyridyl 

ketone and aniline has an additional N atom, that N is not 

coordinated to the metal as evidenced by the crystal studies of 17b. 

The compound 17a separated out from the reaction medium and the 

filtrate gave out X-ray quality crystals of 17b. The elemental 
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analyses indicate that the difference between 17a and 17b is the 

presence of water of crystallization in 17a, where as in 17b, it is 

absent. Because of the absence of sufficient quantity 17b, the 

spectral studies were performed using 17a only. 

The room temperature magnetic susceptibility measurements of 

the compounds 15-17 showed values for magnetic moments in the range 

5.73 - 6.05 B.M., which are indicative of a high spin dS system (27]. 

The magnetic moment of compound 14 had a lower value, probably 

because of interaction between the metal centers. All the complexes 

were found to be soluble in DMF, DMSO and acetonitrile, but only 

partially soluble in other organic solvents such as CHCh, ethanol, 

methanol etc. 

4.4.1 Crystallographic data collection and structure analyses 

Single crystal X-ray diffraction measurements of complexes 16 

and 17b were carried out on a Broker Smart Apex 2 CCD area detector 

diffractometer at the X-ray Crystallography Unit, School of Physics, 

Universiti Sains Malaysia, Penang, Malaysia. The unit cell parameters 

were detennined and the data collections were performed using a 

graphite-monochromated MoKa. (A. = 0.71073 A) radiation at a detector 

distance of 5 cm at 100(1) K with the Oxford Cyrosystem Cobra low

temperature attachment. The collected data were reduced using SAINT 

program [28] and the empirical absorption corrections were performed 

using SADABS program (28]. The structures were solved by direct 

methods and refinement was carried out by full-matrix least squares on 
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F2 usmg the SHELXTL software package [29]. All non-hydrogen 

atoms were refined anisotropically. Hydrogen atoms were 

geometrically fixed at calculated positions and allowed to ride on their 

parent atoms. Molecular graphics employed were ORTEP-III [30] and 

DIAMOND [31]. 

4.4.2 Crystal structures 

Mn(papeah(NCSh (16) : The molecular structure of the complex 

along with the atom-numbering scheme is given in Fig. 4.1. The 

complex crystallizes in a monoclinic crystal system with two molecules 

in the unit cell. A summary of the key crystallographic infonnation is 

given in Table 4.1. Selected bond lengths and bond angles are listed in 

Table 4.2. The complex crystallizes in the chiral space group P2, (No: 4) 

and the molecule is chiral due to the asymmetric nature of the Schiff 

base ligand. The ligand retains its configuration in the complex as 

well. Based on Rand S configuration due to Cahn-Ingold-Prelog, the 

carbon atoms C7 and C21 have the R configuration, as is the case with 

the starting amine (R-l-phenylethyl amine). Mn(II) is in a distorted 

octahedral environment, which is occupied by four nitrogen atoms 

(N 1, N2, N3 and N4) from two che1ating bidentate Schiff base ligands 

papea and two nitrogens (N5 and N6) from two thiocyanate ions. The 

coordination polyhedron consists of MnN6 chromophore with pairs of 

trans pyridyl N (NI and N3), cis azomethine N (N2 and N4) and cis 

thiocyanate N (N5 and N6) atoms. The thiocyanate lons are 

coordinated in terminal manner via the nitrogen atom. 
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Table 4.1. Crystal data and structure refmement 

Parameters 

Empirical formula 

Formula weight 

Crystal colour 

Crystal morphology 

Temperature 

Wavelength (Mo Ka) (A) 

Crystal system 

Space group 

Unit cell dimensions 
a (A) 
b(A) 
c (A) 

an 
PO 
yO 
Volume V (N), Z 

Calculated density (p) (Mg m·3) 

Absorption coefficient ~ (mm-I) 

F(OOO) 

Crystal size (mm3
) 

8 range for data collection 

Index ranges 

Reflections collected I unique 

Completeness to 2a = 35.00 

Absorption correction 

Maximum and minimum transmission 

Refmement method 

Data I restraints 1 parameters 

Goodness-of-fit on F2 

Final R indices [1>20(0] 

R indices (all data) 

Largest diff. peak and hole( e A-3) 
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Mn(papea)1(NCS)2 

C30H28MnN6S2 
591.64 

Yellow 

Block 

100.0(1) K 

0.71073 

Monoclinic 

n l (No: 4) 

9.0040(2) 
15.1618(3) 
11.2770(2) 
90.00 
109.3800(10) 
90.00 

1452.27(5),2 

1.353 

0.629 

614 

0.69xO.40xO.28 

1.91- 35.00 

-14:sh:S13, -24<k<24, -18$l:S18 

48582/12743 [R(int) = 0.0213] 

100% 

SADABS 

0.8432 and 0.6724 

Full-matrix least-squares on F2 

12743/1/352 

1.022 

RI = 0.0287, wR2 = 0.0764 

RI = 0.0301, wR2 = 0.0774 

1.141, -0.992 



The bond lengths and bond angles reveal significant distortion 

from the ideal octahedral geometry. The rather small bite angle 

[N3-Mn I-N<F72.13(3)' ] defines the largest distortion of the geometry. 

The thiocyanates which are almost linear [N5-<:2'f-S I ~ 178. 00( 11)' 

and N6--C3()"'S2~178.77(11)'] are coordinated to Mn(lI) in a bent 

fashion [Mnl-N5-<:2<F157.95(1O)' and Mnl-N6--C3()= 139.21(8)']. 

The Mn(II}-N bond length is shortest for thiocyanate nitrogens, 

indicating their stronger coordination than the pyridyl and azomethine 

nitrogens of the Schiff base. On comparison with earlier reports, all the 

Mn-N bond lengths are in the normal range as expected for complexes 

ofMn(lI) with thiocyanate ligand [32-35] . 

Fig. 4. 1. Molecular structure of Mn(papea)z(NCS), (16) 
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The mean plane deviation calculations show that the metal 

chelate rings are almost planar. Ring puckering analysis [36] reveals 

that the metal chelate ring Cg(2) comprising ofMnl, N3, C19, C20 and 

N4 can be best described as being twisted on Mnl-N3 bond 

[Q(2) = 0.1000(8) A and <1>=189.4162(5876)°]. 

Table 4.2. Selected bond lengths (A) and bond angles C) of 
Mn(papea)2(NCS)2 

Bond lengtbs 
Mnl-Nl 2.2871(8) 
Mnl-N2 2.2819(9) 
Mnl-N3 2.2927(8) 
Mnl-N4 2.3775(8) 
Mnl-N5 2.1389(11) 
Mnl-N6 2.1639(9) 
N5-C29 1.1640(15) 
N6-C30 1.1676(14) 
SI-C29 1.6291(11) 
S2-C30 1.6294(12) 
Bond angles 
NI-Mnl-N2 72.71(3) 
NI-Mnl-N3 166.42(3) 
NI-Mnl-N4 100.08(3) 
NI-Mnl-N5 92.91(4) 
NI-Mnl-N6 98.22(3) 
N2-Mnl-N3 95.46(3) 
N2-Mnl-N4 87.32(3) 
N2-Mnl-N5 162.33(4) 
N2-Mnl-N6 101.01(3) 
S2-C3O-N6 178.77(11) 
N3-Mnl-N4 72.13(3) 
N3-Mnl-N5 97.38(4) 
N3-Mnl-N6 90.47(3) 
N4-Mnl-N5 85.13(4) 
N4-Mnl-N6 161.46(3) 
N5-Mnl-N6 91.00(4) 
Mnl-N5-C29 157.95(11) 
Mnl-N6-C30 139.20(9) 
Sl-C29-N5 178.01(11) 
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The packing in the crystal lattice (Fig. 4.2) is in an ABAB .... 

manner, which when repeated, one dimensionally forms a layer and the 

successive layers arranged in a similar manner. No classical hydrogen 

bonds are observed in the crystal structure. A list of C-H···1r 

interactions is listed in Table 4.3. The packing of the molecules in 

the crystal lattice is stabilized by C-H·· ·1r interactions and the weak 

n···n: interactions (Table 4.4). 

-t~~ ~-~~~ Jt.~~. 
/ ,(Jt,~i:, l ~ \...,1 

I' .... • '\.I' -~.;t Ii-
• ,l,· . ,r. :. ~ 

'~o;\ :.~' ~' I ~~. " • .,.. . " }I( -. 
~ . " '::' -'V ; \ ~~~.,::: . 
/~~~~,. ~/--

.1' ~~v.\ .f'.. \. ' 
. , I. I 

Fig. 4.2. Molecular packing diagram of Mn(papeah(NCSh (16) 
viewed down the 'b' axis. 

Table 4.3. C- H···1[ interaction parameters of Mn(papeah(NCSh 

C-H(I)" 'Cg(J) H . .. Cg (A) C-H .. . Cg (0) C .. . Cg (A) 

C7 H7A[ l l"Cg(2) 2.92 114 3.4382(12) 

Cg(2) - Mol , N3, C19. C20. N4 
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Table 4.4. X"'X interactions ofMn(papeaMNCS)2 

Cg(I)-Res(l)···Cg(J) Cg···Cg (A) (l0 po ·l 
Cg(1)[1]--'Cg(6) 3.9557(7) 8.53 23.26 29.56 

Cg(6)[1]-"Cg(l) 3.9557(7) 8.53 29.56 23.26 

Cg{l) = Mnl, NI, C5, C6, N2; Cg(6) = C22, C23, C24, C25, C26, C27 

Mn(dpka)z(NCS)2 (t7b) : The molecular structure of the complex 

along with the atom numbering scheme is given in Fig. 4.3. The 

complex crystallizes in a monoclinic crystal system with four 

molecules in the unit cell. A summary of the key crystallographic 

information is given in Table 4.5. Selected bond lengths and bond 

angles are listed in Table 4.6. 

The molecule is centrosymmetric and the structure consists of a 

neutral monomer in which the manganese(II) ions are octahedrally 

coordinated by two dpka ligands (through NI and N3) and two terminal 

NCS-ligands (through N4). The pyridyl N atoms of the two Schiff bases, 

N3 are trans-Iocated, while the azomethine N atoms (NI) and the 

thiocyanate N atoms N4 are eis-located in the complex. The N atoms (N2) 

present on the second pyridyl ring are not coordinated to Mn(U). The 

Mn-N distance is shortest for the thiocyanate nitrogens and longest for the 

azomethine nitrogens. The MnN6 octahedra exhibit a noticeable distortion 

from the regular geometry. The rather small bite angle of 71.12(4)0 

corresponding to the N3-Mn-Nl bond angle signifies the extent of 

distortion. The thiocyanate groups are coordinated in tenninal manner to 

the Mn(ll) atom through the nitrogen atom. The NCS groups are quasi-
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linear with an N4-C18-S1 bond angle of 178.50(14)° and are bonded to 

the Mn(II) ion through an angle of 164.68(12)°. 

Table 4.5. Crystal data and structure refinement 

Parameters 

Empirical fom1Ula 
Formula weight 
Crystal colour 
Crystal morphology 
Temperature 
Wavelength (Mo Ka) (A) 
Crystal system 
Space group 
Unit cell dimensions 
a (A) 
b (A) 
c (A) 
an 
~n 
yC) 
Volume V (N), Z 
Calculated density (p) (Mg m-3

) 

Absorption coefficient Jl (mnfl) 
F(OOO) 
Crystal size (mm3

) 

8 range for data collection 
Index ranges 
Reflections coHected 1 unique 

Completeness to 2e = 35.00 
Absorption correction 
Maximum and minimum transmission 
Refmement method 
Data 1 restraints I parameters 
Goodness-of-fit on F2 
Final R indices [1>20(1)] 
R indices (all data) 
Largest cliff. peak and hole(e A-3

) 

Mn(dpka)2(NCSh 
C3Ji26MnNgS2 

689.71 
Orange 
Slab 
100.0(1) K 
0.71073 
Monoclinic 
C2/c (No: 15) 

13.4724(2) 
11.4583(2) 
22.0778(4) 
90.00 
93.5380(10) 
90.00 
3401.67(10),4 
1.347 
0.549 
1420 
0.35xO.31x0.17 
1.85 - 35.00 
-21~~21, -18<k<18, -34~1~35 
3057817447[R(int) = 0.0535] 
99.4% 
SADABS 
0.9129 and 0.8306 
Full-matrix least-squares on F2 
7447/0/213 
1.051 
RI = 0.0464, WR2 = 0.1123 
RI = 0.0725, wR2 = 0.1307 
0.595, -0.388 
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Table 4.6. Selected bond lengths (A) and bond angles n of 
Mn( dpka)l(NCSh 

Bond lengths 

Mnl-Nl 2.3084(11) 

Mnl-Nl#1 2.3084(11 

Mnl-N3 2.2785(11) 

Mnl-N3#1 2.2785(11) 

Mnl-N4 2.1194(13) 

Mnl-N4#1 2.1194(13) 

N4-C18 1.1687(19) 

SI-CI8 1.6230(15) 

Bond angles 

N4#I-Mnl-N4 100.32(7) 

N4#I-Mnl-N3 101.08(5) 

N4-Mnl-N3 97.85(5) 

N4#I-Mnl-N3#1 97.85(5) 

N4-Mnl-N3#1 101.08(5) 

N3-Mnl-N3#1 150.27(6) 

N4#I-Mnl-Nl 86.44(5) 

N4#I-Mnl-Nl 168.13(5) 

N3-Mnl-Nl 71.12(4) 

N3#I-Mnl-Nl 87.51(4) 

N4#1-Mnl-Nl#1 168.13(5) 

N4-Mnl- Nl#l 86.44(5) 

N3-Mnl- Nl#1 87.51(4) 

N3#I-Mnl-Nl#1 71.12(4) 

Nl#I-Mnl-Nl#1 88.65(6) 

CI8-N4-Mnl 164.68(12) 

N4-CI8-S1 178.50(14) 

Symmetry transformations used to generate equivalent atoms: #1 -x, y,-z+ 112 
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Fig. 4.3. Molecular structure ofMo(dpkah(NCSh (17b) 

The Mn-N bond distances are in agreement with the previous 

reports [25,26,32-35,37-38]. Mean plane deviation calculations show 

that the metal-chelate rings, pyridyl rings and the phenyl rings in the 

complex are 1!1most planar. 

The packing of the molecules in the crystal lattice (Fig. 4.4) is in a 

head to tail manner. Classical hydrogen bonds are absent; the weak 

hydrogen bond interactions present are given in Table 4.7. The C-H"'Jr 

interactions (fable 4.8) present in the crystal reinforces the packing of the 

molecules. The crystal structure is further stabilized by significant 1r" 1C 

interactions (Table 4.9). The assembly of molecules in the cryslallattice is 
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in such a manner that there are cavities which are fonned as a result of 

tr"ll and C-H "ll interactions in the crystal. 

Fig. 4.4 . Molecular packing diagram of Mn(dpko),(NCS), (17b) 
viewed down the 'c' axis. 

Table 4.7. Hydrogen bonding interactions in Mn(dpkal!(NCS)z 

I>-H"'A I>-H (A) II"'A (A) D"'A (A) I>-H"'A (' ) 

C( 16)-H(16A) '" N(2)' 0.9298 2.5888 3.349(2) 139.34 

D=donor. A=acceptor, EquivaJent posit ion code: a - 1f2-x,-1/2+y, 1f2-z 

Table 4.8 . C-H···1t interaction parameters 

C-H(I)"'Cg(J) 
C2- H2A[I]"'Cg(I)b 

C2-H2A[J l"'Cg(2j" 
C3-H3A[I]"'Cg(4)' 
C8-H8A[11"'Cg(5)' 

3.1811 
3.18 11 
2.9932 
3. 101 3 

C-II"'Cg (") 
99.37 
99.37 
139.68 
165.06 

3.4562(16) 
3.4562(16) 
3.7511(18) 

4.008(2) 

Equivalent position code: a - x, I+y. z; b - -x. y, In-z; c - x, y. z; d - 1/2+)( , 
1/2+y, z; e - - x, I - y, l-z 

Cg(l) - Mnl, NI, C12, C 13, N3 ; Cg(2) - Mnl , NI>, cm . C J3>, N3>; Cg(4) ~ N3. 
C13, C 14, C IS, C1 6, C17; Cg(S) ~ Cl , C2, 0 . C4. cs, C6 
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Table 4.9_ x-"X interactions 

Cg(I)-Res(I)"'Cg(J) Cg"-Cg(A) aO po At 
Cg(I)[ll'-Cg(lt 3.1650(7) 88_93 59.19 59_19 

Cg(1)[ly-Cg(2)b 3.1650(7) 88_93 59.19 59.19 

Cg(2)[IY-Cg(l)b 3.1650(7) 88_93 59.19 59.19 

Cg(2)[1 y-Cg(2)8 3.1650(7) 88_93 59.19 59.19 

Cg(4)[1]-"Cg(5t 3_8637(9) 20.08 27.35 25.47 

Cg(5)[IY-Cg(4t 3_8635(9) 20_08 25.47 27.35 

Equivalent position code: a = -x, y,1I2-z, b = x, y, z 

Cg(l) = Mnl, NI, Cl2, C13, N3; Cg(2) = Mnl, Nl#, C12#, Cl3#, N3#; Cg(4) = N3, 
Cl3, C14, CIS, C16, C17; Cg(5) = Cl, C2, C3, C4, C5, C6 

Although we tried to get single crystals for the other manganese 

complexes, our attempts were unsuccessful. 

4.4.3 Spectral characteristics of MnCIn complexes 

4.4.3a Electronic spectra 

The ground state of tetrahedral and high-spin octahedrally 

coordinated Mn(II) complex is 6A1g. The absence of any other spin 

sextet terms requires that all transitions in high spin dS complexes are 

spin forbidden. However, some forbidden transitions occur such as 

4A1g(G). 4Eg(G)+-6AIg, 4Eg(D)+-6AIg, 4T1g(G), 4Tlg(G)+-6Alg [39]_ 

Also for octahedral complexes, transitions are Laporte forbidden. 

Thus doubly forbidden transitions are extremely weak. The 

absorption bands found for the complexes under study are listed in 

Table 4.10. 
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Table 4.10. Electronic spectral data for Mn(II) complexes 

Compounds D-+1(* (Dm) 1(-+ 1(* (nm) CT (nm) 

Mnz(paaMN3)4 (14) 310 291 400 

[Mn(paaMNCSh],3/2H20 (15) 310 292 390 

Mn(papea)lNCS)2(16) 315 294 400 

Mn(dpkaMNCS)2·1/2H20 (l7a) 325 289 410 

In the complexes 14-17, the 7r ~ 7r * transitions are observed as 

intense peaks at ca. 290 mll and the n ~ 7r * transitions of the ligand 

are seen as intense peaks in the range 310-335 nm. The charge transfer 

bands are observed at 400 nm. The d-d bands in the case of these 

complexes could not he identified due to their low intensity. 

4.4.3b EPR spectra 

Manganese complexes show a wide variety of bonding 

geometries and EPR spectroscopy has been used successfully to probe 

the structures of these compounds [40-44]. The spin Hamiltonian for 

Mn(I1) may be described as 

fI = gj3HS + D[Sz2 - S(S+ 1)/3] + E(Sx2- Sy2) 

where H is the magnetic field vector, D is the axial zero field splitting 

term, E is the rhombic zero field splitting parameter, g is the 

spectroscopic splitting factor, j3 the Bohr Magneton and S is the 

electron spin vector [45]. If D and E are very small compared to gj3HS, 

five EPR transitions corresponding to ~ms = ±1, viz., 1+5/2>~1+312>, 

1+ 3/2>~I+ 1/2>, 1+ 112>~1-1I2>, 1-1I2>~1-312> and 1-312>~1-512> are 

expected with a g value of 2.0. However, for the case where D or E is 
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very large, the lowest doublet has effective g values of gll = 2, g.l = 6 

for MO and £=0 but for D=O and £=1-0, the middle Kramers doublet has 

an isotropic g value of 4.29 [46,47]. 

The EPR spectrum of compound 14 in the polycrystalline state at 

room temperature (Fig. 4.5) shows an isotropic signal with a giso value 

of2.009. The spectrum does not present hyperfine transitions. 

, 
2600 2800 3000 3200 

H(G) 

I 

3400 3600 

, 
3800 

Fig. 4.5. EPR spectrum of compound 1 in polycrystalline state 
at 298 K. 

However, the solution spectrum in DMF at 77 K (Fig. 4.6), 

displayed two g values, gl = 1.999 and g2 = 4.353. Both the high field 
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and low filed signals exhibited hyperfine splitting and a sextet pattern 

was observed in both the cases. The observance of hyperfine sextet is 

due to the interaction of the unpaired electron with the Mn(II) nucleus 

of spin I = 5/2, resulting in 2nI+ 1 lines. Thus the six lines observed 

corresponds to m = +512, +3/2, +112, -112, -312, -5/2 with ~mI= O. 

I 
2800 

I 
3000 
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3200 
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i 
3400 

i 
3600 

Fig. 4.6. EPR spectrum of compound 14 in DMF at 77 K. 

In addition to the hyperfine pattern in the high field signal, a pair 

of low intensity lines is found in between each of the two main 

hyperfine lines in the high field signal. These are the forbidden lines 

corresponding to t-.m\ 0/: 0, transitions which arise as a result of the 

mixing of the nuclear hyperfine levels by the zero-field splitting factor 
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of the Hamiltonian [48), Thus the general selection rule for the 

transition, ~ms = ±1, ~ml = 0 is violated. The spacing between the lines 

in the central hyperfine sextet is estimated to be A = 100 G and that for 

the low field signal is A =115 G. 

The polycrystalline state EPR spectrum (Fig. 4.7) of the 

compound 15 at 77 K shows two g values gl = 2.018, g2 = 4.324. Both 

the high-field and low-field signals are devoid of hyperfine splitting 

pattern. 

rv J 
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Fig. 4.7. EPR spectrum of compound 15 in polycrystalline state 
at 77 K. 

The spectrum in frozen solution (Fig. 4.8) also displayed two 

g values, gl = 1.994, g2 = 5.778. Both the signals show the hyperfine 

sextet, with the hyperfine coupling constants 106 G and 276 G 
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respectively for the high-field and low-field transitions 

respectively. 

! 
! 
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Fig. 4.8. EPR spectrum of compound 15 in DMF at 77 K. 

In the X band CW-EPR spectrum of the octahedral Mn(H) 

complex 16 in polycrystalline state at 77 K (Fig. 4.9), three g values are 

observed, gl = 1.939, g2 = 2.821, g3 = 5.794. The three g values imply 

that the molecule is rhombically distorted. The broadness of the signals 

is a characteristic feature of Mn(II) complex in the polycrystalline state, 

which arises due to dipolar interactions and enhanced spin lattice 

relaxation [46]. 
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200 600 WH" 1400 

1700 2100 2500 2900 :noo 3700 4100 4500 

H(G) 

Fig. 4.9. EPR spectrum of compound 16 in polycrystalline state 
at 77 K. 

The EPR spectrum of the complex in DMF solution at 77 K 

(Fig. 4.10) is isotropic and exhibits a six line manganese hyperfine 

pattern centered at g = 1.997. 

2800 3000 3200 3400 3600 

H(G) 
Fig. 4.10. EPR spectrum of compound 16 in DMF at 77 K. 
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The hyperfine splitting pattern arises due to electron spin-nuclear 

spin coupling. The hyperfine coupling constant is estimated to be 

A = 100 G. In addition to the hyperfine pattern, a pair of low intensity 

lines is found in between each of the two main hyperfine lines. These 

are the forbidden lines corresponding to i1m\ i= 0, transitions which 

arise as a result of the mixing of the nuclear hyperfine levels by the 

zero-field splitting factor of the Hamiltonian. 

The octahedral compound 17a exhibits EPR features very similar 

to that of the complex 16. In the polycrystalline state at 77K (Fig. 4.11), 

threeg values are observed, gl = 1.939, g2 = 2.821, g3 = 5.794. The three g 

values indicate a rhombic distortion from the octahedral geometry, which 

is supported by the crystal structure studies. 
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Fig. 4.11. EPR spectrum of compound 17a in polycrystalline state 
at 298 K. 
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The frozen solution spectrum (Fig. 4.12) of the compound in 

DMF, is also similar in features to the above discussed thiocyanato 

compound. The spectrum is isotropic and exhibits hyperfine splitting 

into a pattern of sis lines as a result of the interaction between the 

electron spin and nuclear spin. The giso value is found to be 1.999 with 

a coupling constant of 100 G. Moreover, a pair of low intensity lines is 

found in between each of the two main hyperfinc lines. These are the 

forbidden lines corresponding to ~ml f:. 0, transitions which arise as a 

result of the mixing of the nuclear hyperfine levels by the zero-field 

splitting factor of the Hamiltonian. 

2800 3000 3200 3400 3600 3800 

H(G) 
Fig. 4.12. EPR spectrum of compound 17a in polycrystalline state 

at 298 K. 

For all the complexes, the hyperfine values are lower that that 

obtained for ionic compounds indicating considerable amount of 

covalency in the M-L bonds [49,50]. 
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4.4.3c IR spectral studies 

JR spectrum provides a useful diagnostic tool in ascertaining the 

coordination of different groups and atoms to the metal. This 

spectroscopic technique becomes particularly useful in the case of 

complexes of metals with pseudohalogcns, for which very strong 

absorptions are observed in the region above 2000 cm-I. 

The IR spectrum of complex 14 (Fig. 4.13) reveals a medium sharp 

peak at 1589 cm-!, assigned as the v(C=N) stretching mode of the 

azomethine function of the Schiff base, the position of which is in 

agreement with the previous reports and is thus indicative of the 

coordination of azomethine N (23,51]. The band at 1442 cm-! is attributed 

to pyridyl ring stretching and the band at 1013 cm-' is due to pyridyl ring 

breathing. The in-plane ring defonnation of the pyridyl ring and the 

pyridyl ring out-of-plane bending are observed at 638 and 481 cm-! as 

weak bands. The above observations indicate the pyridyl N coordination. 

The most relevant and the interesting bands in the IR spectrum of 14 

are those associated with the azido groups. A doublet pattern is seen in the 

spectrum, with two sharp and strong peaks at 2095 and 2058 cm-', which 

is assigned as the Vas stretching frequency of the azide. A single strong 

peak at 2033 cm-I is observed for sodium azide. A shift from that 

wavenumber (both to higher and lower wave numbers) of the vas(N3) 

stretching of the azide indicates that it must be coordinated. The doublet 

structure is due to the existence of two kinds of azido groups in the 

complex. The higher wave numbers of the vas(N3) stretching is probably 

due to the presence of bridging azides. But in the absence of crystal 

140 



___________________ 511i11tgi7neu(JIj (ompfi'_\!s 

structure, it is impossible to draw defmite conclusions. The vs(N3) 

stretching mode of the azide group is observed at 1329 cm-I as a band of 

medium intensity. The vs(N3) vibration mode in inactive in symmetrical 

azide groups (52]. The term symmetrical means that there is vary small or 

negligible difference in the N-N bond lengths in the azide group. The 

presence of the vs(N3) stretching band in the present case rules out the 

possibility of a highly syrrunetrical azide groups. The detom1ation mode 

of the azido ligand is observed as a weak band at 689 cm-I. 
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Fig. 4.13. IR spectrum of compound 14. 

A broad band ca. 3446 cm-I is due to the presence of lattice water in 

complex 15 (Fig 4.14). The v(C=N) stretching mode of the Schiffbase paa 

occurs as a medium band at 1593 cm-I and indicates the coordination of 

azomethine N to the manganese(II). The coordination of the pyridyl 

nitrogen is confirmed by the presence ofpyridyl ring stretch at 1486 cm-I, 
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pyridyl ring breathing at 1013 cm-I, pyridyl in-plane ring defonnation at 

694 cm-I and pyridyl out-of-plane ring defonnation at 411 cm-I. The most 

interesting part of the spectrum is the 2000-2100 cm-I region where the 

strong absorption bands due to the thiocyanate group is visible. The 

spectrum of KCNS has a single strong absorption at 2053 cm-I due to the 

va-;(C=N) stretching. A shift from this wavenumber evidently indicates the 

coordination of the NCS group_ The TR spectrum of 15 has a single strong 

and sharp peak at 2062 cm- I assignable to the vas(C=N) stretching mode 

of the thiocyanate group, The number and position of the peak suggests 

the presence ofN-bonded bridging thiocyanate group and the thiocyanate 

groups are equivalent and hence trans located in the octahedral complex 

as suggested by other studies (53]. The v(CS) is found at 775 cm-I and 

the o(NCS) bending mode is obtained at 543 cm-1 confinning the 

existence ofN-bonded NCS group_ 
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Fig. 4.14. IR spectrum of compound 15. 
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In the IR spectrum of compound 16 there are two strong and 

sharp peaks at 2069 and 2053 cm-1
, which are assignable to the 

vas(C=N) stretching of the thiocyanate groups (Fig. 4.15). This 

indicates the coordination of the thiocyanate anions and the presence of 

doublets implies that there are two non-equivalent thiocyanate groups 

and hence mutual cis coordination. The posi tion of bands «2100 cm'!) 

is an evidence for coordination via N atom and also the tcn11inal nature 

of the thiocyanate groups. All these are conti1l11ed by the crystal 

structure analysis of complex 16. vs(CN) stretching vibration of 

thiocyanate is ca. 1384 cm'! as doublets of medium intensity. Doublets 

near 789 and 764 cm'! is due to the thiocyanate vs(CS) stretching 

vibration. This band is also indicative of N coordination. 
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Fig. 4.15. IR Spectrum of compound 16. 
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A single sharp peak at 497 cm- l in the IR spectrum of complex 

16 is due to the 8(NCS) bending mode_ The complex has a sharp peak 

at 1594 cm- l for the v(C=N) stretching mode of the Schiff base. The 

coordination of the pyridyl nitrogen is con finned by the presence of 

pyridyl ring stretch at 1440 cm-I, pyridyl ring breathing at 1013 cm-I, 

pyridyl in-plane ring deformation at 637 cm-! and pyridyl out-of-plane ring 

deformation at 413 cm-I. The IR data are in confonnity with the previous 

reports dealing with complexes having similar ligand systems (24]. 

The band at 1579 cm-I in the IR spectrum of compound 17a is 

assigned to the stretching vibration of the azomethine group of the 

Schiff base_ The strong bands characteristic of thiocyanato group 

appears as a doublet at 2063 and 2041 cm-I. The splitting in this band 

indicates the presence of two thiocyanate groups in the complex. The 

position of the bands «2100 cm-I) points out the terminal nature of the 

thiocyanate and coordination through the N atom. The sharp bands 

viewed at 1475 cm- l are due to the pyridyl ring vibrations, pyridyl ring 

breathing at 1015 cm-I, pyridyl in-plane ring defonnation at 623 cm-! 

and pyridyl out-of-plane ring deformation at 409 cm-I confirms the 

coordination of pyridyl N. 
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Syntheses, structural and spectral investigations of 
nickel(ll) complexes, of Schiff bases with 

,azide al1~ thioc~,~nate 

5.1 Introduction 

The chemistry of nickel has received considerable attention due 

to its essential role in bioinorganic chemistry and the presence of nickel 

in several enzymes [1,2]. Nickel enzymes are involved in various 

biological reactions (3-6]. Morrow and Kolasa reported the cleavage of 

plasmid DNA by square planar nickel-salen [bis-(salicylidene) 

ethylenediamine] in the presence of either magnesium mono 

peroxypthalic acid (MPP A) or iodosulbenzene [7]. The observation of 

different oxidation states for nickel during the catalytic cycle, has 

spurred a great interest in the investigation of the electronic and 

structural factors that contribute to stabilize a particular oxidation state 

for the nickel center. Several factors have been recognized to be 

parti cui arl y important in the stabilization of the +3 and + 1 oxidation 

states, namely coordination number, geometry, type of donor atom and 

electronic characteristics of the ligand. 

It has been demonstrated that the azido group inhibits enzymatic 

reactions (8-14]. Thus, the investigation of nickel-azido complexes has 

become a field of recent interest to understand the role of the metal ions 

in biological reactions. Moreover, the study of such complexes and 
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those with other pseudohalogens like thiocyanate is also useful in the 

context of enhancement of knowledge about magnetic interactions as 

well as development of magnetic materials. Lin et al. synthesized a 

Ni«II) complex from an imidazole derivative and azido group, which 

was found to be a feroomagnetically coupled dimer with double end-on 

azido bridges between the Ni(II) centres [15]. Neutral cubane 

complexes of Ni(II) were designed from the gem-diol di-2-pyridyl 

ketone with acetate and dicyanamide [16]. The investigation of the 

magnetic properties reveal the presence of ferromagnetic exchange 

mediated through end-to-end thiocyanate bridges in the one 

dimensional polymer of Ni(II) synthesized from imidazole [17]. 

5.2 Stereochemistry 

Ni(II) species with d8 configuration are of special interest existing 

in aU coordination numbers from seven through two. Of these some are 

very common and some rare. The most frequently encountered 

coordination numbers of Ni(II) are four, five and six. Four coordinate 

complexes may be tetrahedral or square planar. The five coordinate 

complexes may exhibit square pyramidal or trigonal bipyramidal 

geometry. Six coordinate complexes are usually octahedraL The 

square pyramidal and square planar complexes are obviously related to 

the tetragonal six coordinate complexes through tetragonal distortion 

and the removal of one and two ligands respectively from an octahedral 

array. Distortions from the above mentioned geometries are also 

possible by means of the variations in the bond lengths and bond 

angles. The d8 configuration is especially prone to form four 
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coordinate diamagnetic square planar derivatives, particularly with 

stronger field ligands or where steric hindrance impedes higher 

coordination numbers. The square planar complexes are diamagnetic, 

while all others are paramagnetic. 

5.3 Experimental 

5.3.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), 2-benzoylpyridine 

(Sigma Aldrich), di-2-pyridyl ketone (Sigma Aldrich), 2-hydroxy-4-

methoxybenzaldehyde (Sigma Aldrich), aniline (S. D. Fine), 

R-l-phenylethyl amine (Alfa Aeser), 2-aminopyrimidine (Sigma Aldrich), 

Ni(CI04)2'6H20 (Sigma Aldrich), Ni(OAch'4H20 (CDH), NaN3 (Reidel

De Haen), KCNS (BOH) and methanol (Merck) were used as received. 

Ethanol, when used as the solvent was distilled before use. 

5.3.2 Syntheses of nickel(II) complexes 

[Ni2(paa)2(N3)4]' H20 (18): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and aniline (0.093 g, 1 mmol) in 

methanol were refluxed for 2 hours to obtain a yellow solution of the 

Schiff base. To this, Ni(CI04h'6H20 (0.365 g, 1 mmol) dissolved in 

methanol was added and stirred followed by the slow addition of an 

aqueous solution of NaN3 (0.130 g, 2 mmol). The resulting solution was 

further stirred for 15 minutes. Brown solid separated out after one 

week, filtered, washed with water, methanol and ether and dried over 

P4010 in vacuo. Elemental Anal. Found (Calcd.) (%): C, 43.58 (43.16); 

H, 3.14 (3.33); N, 34.06 (33.55). Il = 2.95 RM. 
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[Ni(paah(NCS)z)·H20 (19): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and aniline (0_093 g, 1 mmol) in 

methanol were refluxed for 2 hours. To the yellow solution of the 

Schiff base thus obtained, Ni(OAch-4H20 (0.248 g, 1 mmol) dissolved 

in hot methanol was added. To this solution, a methanolic solution of 

KCNS (0.194 g, 2 mmol) was added and retluxed for 4 hours. The 

brown solid separated out was filtered, washed with methanol, water 

and ether and dried over P4010 in vacuo. Elemental Anal. Found 

(Calcd.) (%): C, 55.77 (56.03); H, 3.69 (3.98); N, 15.64 (15-08); 

S, 11.92 (11.40). f.l = 3.28 B.M_ 

Ni(papea)z(NCS)z (20): Pyridine-2-carbaldehyde (0_107 g, 1 mmol) 

and R-l-phenylethyl amine (0.121 g, 1 mmol) was refluxed in methanol 

for 2 hours. To this, a methanolic solution ofNi(OAch'4H20 (0.248 g, 

1 mmol) was added followed by an aqueous solution of KCNS 

(0.194 g, 2 mmol) and refluxed for 4 hours. Greenish blue block 

shaped single crystals suitable for X-ray diffraction were isolated 

within a week. The crystals were mechanically separated and dried. 

Elemental Anal. Found (Calcd.) (%): C, 60.33 (60.52); H, 4.69 (4.74); 

N, 14.04 (14.11). f.l = 3.30 B.M. 

[Ni(paap)(NCShJ·3/2CH30H·2H20 (21): A mixture of pyridine-2-

carbaldehyde (0_107 g, 1 mmol) in methanol and 2-aminopyrimidine 

(0.094 g, 1 mmol) in methanol was refluxed for 2 hours. Methanolic 

solutions of Ni(OAch'4H20 (0.248 g, 1 mmol) and solid KCNS 

(0.194 g, 2 mmol) were added to this and refluxed for 4 hours. 

Greenish brown solid separated out within two days from the reaction 
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medium, filtered, washed and dried over P 4010 in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 36.14 (36.79); H, 3.60 (4.09); N, 18.80 

(18.96). ~ = 0 B.M. 

[Nh(dpk"OHh(N3)z)"3(CH3CH20H)"3H20 (22): Di-2-pyridyl ketone 

(0.187 g, I mmol) was dissolved in ethanol and aniline (0.093 g, 

I mmol) was added to this. About 4-5 drops of glacial acetic acid was 

also added and refluxed for 6 hours. To the above solution, 

Ni(OAc)z"4H20 (0.248 g, 1 mmol) dissolved in hot ethanol was added. 

An aqueous solution of NaN3 (0.130 g, 2 mmol) was added to the 

above mixture slowly with stirring. The resulting solution was stilTed 

for 6 hours. The greenish blue product formed was filtered, washed 

with ethanol, water and ether and dried over P40lO in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 41.71 (42.24); H, 5.60 (5.32); N, 17.67 

(17.59). ~ = 0 B.M. 

[Ni(Hhmba)(hmba)(NCS»)"2CH30H"2H20 (23): 2-Hydroxy-4-

methoxybenzaldehyde (0.152 g, 1 mmol) was dissolved in methanol. To 

this, aniline (0.093 g, 1 mmol) was added. The mixture was refluxed 

for 2 hours. Ni(OAc)2'4H20 (0.248 g, 1 mmol) dissolved in methanol 

and an aqueous solution of KCNS (0.094 g, 1 mmol) was added and 

refluxed for 6 hours. The reaction mixture was filtered and was kept 

for the evaporation of the solvent. Yellowish green product separated 

out within a week. Filtered, washed with methanol and water and then 

with by ether and dried over P4010 in vacuo. Elemental Anal. Found 

(Calcd.) (%): C, 55.38 (55.54); H, 5.42 (5.56); N, 5.70 (6.27). 

11 = 0 B.M. 
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Caution! Although not encountered in our experiments, azide 

complexes are potentially explosive. Only a small amount of the 

material should be prepared, and it should be handled with care. 

5.4 Results and discussion 

The condensation of aldehyde/ketone and amine 111 1: 1 molar 

ratio yielded the Schiff base ligands, which were used without further 

purification for the synthesis of the complexes by reaction in presence 

of pseudohalides NaN3IKCNS. All the complexes had the Schiff bases 

as neutral bidentate N, N donors. The nickel(II) complex 22, which 

was synthesized from the Schiff base obtained by the condensation of 

di-2-pyridyl ketone and aniline is not having the Schiff base as the 

ligand. The Schiff base has undergone hydrolysis in presence of metal 

to form the gem-diol of di-2-pyridyl ketone. Nucleophilic addition of 

water to di-2-pyridyl ketone results in the formation of the gem-diol of 

di-2-pyridyl ketone to undergo metal-mediated nucleophilic addition of 

small molecules like water or alcohol to the carbonyl group results in 

the formation of hydrate or hemiacetal [18-22]. It is thus the gem-diol 

of di-2-pyridyl ketone, which is the ligand in complex 22. In complex 

23, two Schiff bases are present, of which one coordinates to the metal 

after deprotonation through the deprotonated 0 atom and the 

azomethine N, while in the other there is a free -OH group. 

The magnetic susceptibility measurements indicate that the 

complexes 18, 19 and 20 are paramagnetic. The complexes 21,22 and 

23 are diamagnetic, suggesting a four coordinate square planar 

geometry for them. All the complexes were found to be soluble in 
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DMF, DMSO and acetonitrile, but only partially soluble in other 

organic solvents such as CHCl), ethanol, methanol etc. 

5.4.1 Crystallographic data collection and structure analysis 

Single crystal X-ray diffraction measurements of complexes 20 

were carried out on a Bruker Smart Apex 2 CCD area detector 

diffractometer at the X-ray Crystallography Unit, School of Physics, 

Universiti Sains Malaysia, Penang, Malaysia. The unit cell parameters 

were determined and the data collections were performed using a 

graphite-monochromated MoKa. CA = 0.71073 A) radiation at a detector 

distance of 5 cm at 1 OO( 1) K with the Oxford Cyrosystem Cobra low

temperature attachment. The collected data were reduced using SAINT 

program [23] and the empirical absorption corrections were performed 

using SADABS program [23]. The structures were solved by direct 

methods and refinement was carried out by full-matrix least squares on 

F2 using the SHELXTL software package [24]. An non-hydrogen atoms 

were refined anisotropically. Hydrogen atoms were geometrically fixed at 

calculated positions and allowed to ride on their parent atoms. Molecular 

graphics employed were ORTEP-III [25] and DIAMOND [26]. 

5.4.2 Crystal Structure 

Ni(papea)2(NCSh (20): Complex 20 crystallizes in an orthorhombic 

crystal system with four molecules in the unit cell. It belongs to the 

chiral space group n 12121. The structural refinement parameters are 

given in Table 5.1 and the molecular structure of the complex is 

depicted in Fig 5.1. The important bond lengths and bond angles are 

given in Table 5.2. The ligand retains its configuration in the complex 
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as well. In this complex, the carbon atoms C7 and C21 have the R 

configuration. 

Table 5.1. Crystal data and structure refinement 

Parameters 
Empirical fonnula 
Fonnula weight 
Temperature 
Color 
Nature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume V (A3
), Z 

Calculated density (p) (Mg m'3) 
Absorption coefficient J.l (mm'l) 
F(OOO) 
Crystal size (mm3

) 

() range for data collection 
Index ranges 
Reflections collected 1 unique 
Completeness to 29 = 42.03 
Absorption correction 
Maximum and minimum transmission 
Refinement method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [1>20(1)] 
R indices (all data) 
Largest diff. peak and hole 
Absolute structure parameter 
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Ni(papeah(NCS)2 
C30lbNiN6S2 
595.41 
100(1) K 
Blue 
Blocks 
0.71073 A 
Orthorhombic 
n.nln. (No: 19) 
a = 13.2009(2) A 
b = 14.6881(2) A 
c = 14.7152(2) A 
Cl = 90.00· 
~ = 90.00· 
Y = 90.00· 
2853.22(7), 4 
1.386 
0.857 
1240 
1.06x0.34xO.27 
2.49 - 39.05· 
-24~h::;;17, -27~~26, -26~ ~26 

73388/19490 [R(int) = 0.0374] 
99.1% 
SADABS 
0.4633, 0.8009 
Full-matrix least-squares on p2 
19490/0/352 
0.994 
RI = 0.0338, wR2 = 0.0724 
RI = 0.0493, wR2 = 0.0724 
0.577 and -0.260 
-0.001(4) 
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Ni(II) has a distorted octahedral NiN6 coordination envirorunent 

satisfied by two molecules of the neutral bidentate N, N Schiff base 

ligand papea and two thiocyanate anions. "The octahedral coordination 

around Ni(l!) is completed by pairs of trans pyridyl N (N I and N3). cis 

azometbine N (N2 and N4) and cis thiocyanate N (N5 and N6) atoms. 

Fig. 5.1. Molecular structure ofNI(papea)z(NCS),(lO). 

The thiocyanate anions act as N-donors as reported for similar 

structurally characterized complexes [27,28]. The thiocyanate anions are 

in the tenninal mode coordinating through the N atom. The NCS groups are 

almost linear (N5-{;29-S1~ 179.4O(1O)' and N6-<:3(}-s2~178.46(9n 

One of the NCS coordinates to the Ni(Il) in a linear fashion 

(C2CJ..-N5-NiI ~ 171.77(8n. but pronounced bending at the N atom is 
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observed for the second NCS group (C30-N6-Nil=133.07(S)"). This 

behaviour of the thiocyanate is similar to that reported previously for the 

mixed ligand diethanolamine-Ni ll complex of thiocyanate [29]. 

Table 5.2. Selected bond lengths (A) and bond angles n for 
Ni(papea)z(NCS)l 

Bond lengths 
Nil-NI 2.0887(7) 
Ni1-N2 2.1534(8) 
Nil-N3 2.0976(7) 
Nil-N4 2.1341(8) 
Nil-NS 2_0493(9) 
Nil-N6 2.0841(9) 
NS-C29 1.1634(13) 
N6-C30 1.1690(14) 
Sl-C29 1.6378(10) 
S2-C30 1.6319{1l} 
Bond angles 
NI-Nil-N2 78.52(3) 
NI-Nil-N3 173.71(3) 
N1-Nil-N4 95.74(3) 
NI-Nil-N5 94.02(3) 
N1-Nil-N6 91.32(3) 
N2-Nil-N3 102.18(3) 
N2-Nil-N4 88.35(3) 
N2-Nil-N5 87.62(3) 
N2-Ni1-N6 169.13(3) 
N3-Nil-N4 78.07(3) 
N3-Nil-N5 92.26(3) 
N3-Nil-N6 88.35(3) 
N4-Nil-N5 168.49(3) 
N4-Nil-N6 96.60(3) 
N5-Nil-N6 89.26(4) 
Nil-N5-C29 171.76(8) 
Nil-N6-C30 133.07(8) 
SI-C29-N5 179.40(9) 
S2-C3O-N6 178.46(9) 
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The five membered chelate rings give nse to considerable 

distortion in the octahedral geometry, with bite angles 78.52(3)" and 

78.06(3)" for the two Schiff base ligands respectively. This distortion is 

probably due to the steric requirements of the methyl group on the 

ligand. As expected, the Ni-N bond lengths are longer for the 

azomethine nitrogens than the pyridyl nitrogens. The shortest Ni-N 

bonds are observed for the thiocyanate anions. Also, the Ni-N bond 

lengths are consistent with the corresponding values for analogous 

NiN6 chromophores [27-29]. 

The packing diagram of the compound viewed along the 'b' axis 

is as shown in Fig. 5.2. In the crystal, the molecules are arranged in a 

zig-zag manner. The crystal is devoid of classical hydrogen bonds. 

The hydrogen bonding interactions observed are weak. The packing 

of the molecules in the crystal lattice is strengthened by hydrogen 

bonding (Table 5.3), C-H"'1[ interactions (Table 5.4) and weak n"'n 

interactions (Table 5.5) existing in the crystal. 

Table 5.3. Hydrogen bonding interactions 

D-H···A D-H (A) H···A (A) D···A (A) D-H···A (A) 

C(1)-H(lAY'N(6) 0.93 2.61 3.1387(14) 117 

D=donor, A=acceptor; Equivalent position code: a =-x, 1I2+y, 3/2-z 

Table 5.4. C-H"'1Z' interactions 

C-H(I)·"Cg(J) 
C(21)-H(21A)[lY'Cg(1)8 

Equivalent position code: a = x, y, z 
Cg(l) = Nil, NI, CS, C6, N2 

2.78 3.2478(10) 
C-H···CgC) 

110 
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Fig. 5.2. Packing diagram of Ni(papeaj,(NCSj, (20) viewed 
along the 'b' axis. 

Table 5.5. 1("' "K interactions 

Cg(I)Res(I)"-Cg(J) Cgoo'Cg (A) a (') ' (') y(') 

Cg(2)[Ij-ooCg(5)' 3.7740(5) 10.63 25.63 30.81 

Cg(3)[Ij-"Cg(5)' 3.7224(6) 7.08 26.28 19.40 

Cg(3)[Ij-'Cg(6)' 3.9807(6) 11.00 37.64 32.37 

Cg(5)[Ij-"Cg(2)' 3.7740(5) 1Q.63 30.81 25.63 

Cg(5)[I j-"Cg(3)' 3.7224(6) 7.08 19.40 26.28 

Cg(6)[ I j-"Cg(3)' 3.9807(6) 11.00 32.37 37.64 

Equivalent position code: a '" x, y, z; b '" 112+x,312-y,l-z; c = -112+x,3/2-y,l-z 

Cg(2) ~ Ni l. Nl. C19. C20. N4; Cg(l) ~ NI . Cl. C2. Cl. C4. CS; Cg(S) ~ C8. C9, 
CIO, Cl I. e12, Cll; Cg(6) • C22, cn. C24, C2S. C26. C27 
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5.4.3 Spectral characteristics of nickel complexes 

5.4.3a Electronic spectra 

The electronic spectroscopy of Ni(II) ion is of special interest 

because of the existence of the t! in a range of coordination numbers 

from two to seven. The electronic spectroscopic data available for 

Ni(II) is probably more that that available for any other metal ion. 

For an octahedral nickel (11) complex, three spin allowed 

transitions are expected viz. VI = 3T2g(F) ~ 3A2g(F) (1420-770 nm), 

V2 = 3T1g{F) ~ 3A2g{F) (900-500 nm) and V3 = 3T1g{P) ~ 3A2g{F) 

(52 0-370 run) [30]. In addition, two spin forbidden transitions 

lEg{D) ~ 3A2g{F) and ITlg(D) ~ 3A2g(F) are quite prominent. Usually 

the two spin forbidden transitions remain scrambled due to the fact that 

the lEg state lies very close to the lTlg state. The square planar 

complexes of Ni{II) typically have a single band in the region 650-400 

nm. They have no absorption below 1000 nm. The "'max values 

displayed by the complexes are listed in Table 5.6. 

The compound 18 exhibited broad d-d bands at 830, 650 and 530 

nm, which can be tentatively assigned to the transitions 3T2g{F) ~ 3A2g{F), 

3Tlg{F) ~ 3 A2g(F) and 3T1g{P) ~ 3 A2g(F) respectively. This suggests 

that the Ni(II) ion in complex 18 to be having an octahedral geometry 

[31-35]. These broad bands might have masked the very low intensity 

spin forbidden transitions. The broad band observed at 420 nm is 

attributed to the charge transfer band. The ligand-based transitions 

were observed at 308 (1r ~ 1r *) and 343 nm (n ~ 1r *). 
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The electronic spectrum of compound 19 is similar to the above 

compound and those reported previously. Three weak: d-d bands were 

found at 883, 790 and 573 nm, which are the electronic transitions of a 

six coordinate octahedral stereochemistry. The L ~ Ni charge transfer 

band was viewed at 420 nm. The compound reveals n ~ 7r * transition 

at 346 nm and 7r ~ 7r * transition at 308 nm. 

In compound 20, the three weak bands observed at 880, 662 and 

575 nm are due to the 3T2g(F) ~ 3A2g(F), 3T1g(F) ~ 3A2g(F) and 

3T1 g(P) ~ 3A2g(F) transitions respectively of a distorted octahedral 

complex. There is a spin forbidden transition lEg(D) ~ 3A2g(F) near 

785 nm, the presence of which has led to the lowered intensity of 

VI transition [30]. The charge transfer band is observed at 375 nm. 

The ligand centered transitions are viewed at 345 and 295 nm. 

The electronic spectrum of the nickel(II) complex 21 showed a 

single band ca. 620 nm due to the 3A2g{F) ~ 3B1g(F) arising from a 

square planar geometry [36,37]. The absence of absorption below 1000 

nm confirms the square planar stereochemistry of complex 21. The 

charge transfer band is seen at 375 nm. The compound reveals 

n ~ 7r * transition at 346 nm and 7r ~ 7r * transition at 303 nm. 

Complex 22 displayed a single band ca. 600 nm due to the 

3A2g(F) ~ 3BIg(F) of a square planar geometry. The absence of 

absorption below 1000 nm in this case also confirms the square planar 

stereochemistry of the complex. The charge transfer band is seen at 
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425 nm. The compound reveals n ~ 7r * transition at 350 nm and 

7r ~ 1r * transition at 292 nrn. 

The thiocyanato complex 23 has a spectrum indicative of the 

square planar geometry of the complex_ The d-d band is observed at 

660 nm as a broad band. There are no absorptions below 1000 nm. 

The charge transfer band is seen at 405 nm. The compound reveals 

n ~ 1r * transition at 342 nm and 1r ~ 1r * transition at 296 nm. 

Table 5.6. Electronic spectral assignments of the nickel(II) 
compounds in nm 

Compounds 
Ligand 

d-d 
Charge 

transitions transfer 

[Ni2(paa)z(N3)4]'H20 (18) 308,343 530,650,830 420 

[Ni(paa)2(NCS)2]'H20 (19) 308,346 573,790,883 420 

Ni(papea)z(NCS)2 (20) 295, 345 575, 662, 880, 375 

785(sh) 

[Ni(paap)(NCS)2]_3/2CH3OH 303,346 620 375 

-2H20 (21) 

[Ni2( dpkOH)z(N3)2] 292,350 600 425 

'3(CH3CH20H)'3H20 (22) 

[Ni (Hlunba ) (hmba )(NC S)] 296,342 660 405 

'2CH30H'2H20 (23) 

S.4.3b IR spectra 

IR spectroscopy is a useful tool to confirm the coordination of 

various atoms and groups to the metal from the position and nature of 

the bands associated with them. 
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The IR spectrum of compound 18 (Fig. 5.3) reveals a broad band 

around 3359 cm- l which corresponds to the lattice water present in the 

compound. The medium peak at 1590 cm-! is assigned as the v(C=N) 

stretching mode of the azomethine function of the Schiff base, the 

position of which is in agreement with the previous reports and is thus 

indicative of the coordination of azomethine N [38). The bands at 

1561, 1427 and 1021 cm-' are attributed to the vibrations of the pyridyl 

ring and phenyl ring. The in-plane ring deformation of the pyridyl ring 

and the pyridyl ring out-of-plane bending are observed at 673 and 

489 cm- l as weak bands. The above observations indicate the 

coordination of pyridyl N to nickeI(II). 

100 

80 

~ 
20 

o 

4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber (cm-I) 

Fig. 5.3. IR spectrum of compound 18. 

The most interesting bands in the IR spectrum of the compound 

are those associated with the azido groups. There are two strong bands 
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at 2082 and 2055 cm-' which is associated with the Vas asymmetric 

stretching mode of the azide ligand. The split of this band is indicative 

of the bridging nature of the azide. The vs(N 3) stretching mode of the 

azide group is observed at 1360 cm-' as bands of medium intensity, 

which rules out the possibility of end-to-end azide bridges since the 

Vs(N3) vibration mode in inactive in end-to-end bridges which possess 

high symmetry [39]. The bending mode of the azido ligand is observed 

as a weak band at 699 cm-! . 

The v(C=N) stretch due to the azomethine group of the Schiff 

base in compound 19 (Fig. 5.4) occurs as a medium band at 1594 cm-' 

and indicates that the azomethine N remains coordinated. The 

coordination of the pyridyl nitrogen is confirmed by the presence of 

pyridyl ring stretching vibrations at 1633 and 1486 cm-!, pyridyl ring 

breathing at 1019 cm-!, pyridyl in-plane ring deformation at 642 cm-] 

and pyridyl out-of-plane ring deformation at 423 cm-I. The most 

interesting part of the spectrum is the 2000-2100 cm -1 region where 

the strong absorption bands due to the thiocyanate group is visible. 

There is a single strong and sharp peak at 2086 cm-' assignable to 

the v(CN) stretching mode of a thiocyanate group. The absence of 

splitting in this band suggests that the two thiocyanate groups in the 

complex are trans located and are coordinated to the metal through N 

atom. The v(CS) is found at 776 cm- l and the 8(NCS) bending mode 

is obtained at 556 cm-' confirming the existence of N-bonded 

NCS group. 
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Fig. 5.4. IR spectrum of compound 19. 

In the thiocyanate complex 20 (Fig 5.5), the medium intensity 

peak at 1597 cm-I is assigned to the absorption of the azomethine 

function and indicates its coordination. The pyridyl ring stretching and 

breathing vibrations observed at 1637, 1445 and 1020 cm' 1 and the 

pyridyl in-plane ring deformation at 643 cm-I and pyridyl out-of-plane 

ring deformation at 424 cm-I suggest the coordination of pyridyl N. 

Two strong peaks observed at 2098 and 2057 cm-! are due to the v(CN) 

stretching of the thiocyanate group. The position of the peak and the 

doublet structure points out to the presence of two N-bonded tenninal 

thiocyanate groups in the complex and their cis location in the 

octahedral complex. The v(CS) of the NCS ligand is seen at 762 cm-! 

and the bending vibration ofthe NCS group is at 503 cm-I. 
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Fig. 5.5. IR spectrum of compound 20. 

Complex 21 (Fig. 5.6) has a medium band at 1568 -I cm 

assignable to the v(C=N) stretching mode of the azomethine group, 

indicating the azomethine N coordination. The pyridyl N of the 

Schiff base is also coordinated as evident from the shifts in the 

absorption frequencies due to the pyridyl ring. The pyridyl ring 

stretching is observed as strong bands at 1600 and 1454 cm-I, the 

breathing mode of the pyridyl ring is at 1068 cm-1 and the pyridyl 

in-plane and out-of-plane ring defonnation is at 653 and 422 cm- I 

respectively. The spectrum is further complicated by the vibrations 

due to the pyrimidine ring, which also occurs in the same region as 

that of the pyridine ring. The characteristic asymmetric stretching 

due to the thiocyanate is observed as a strong peak at 2091 cm- i
, 

which clearly indicates the presence of one type of non-bridging 
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thiocyanate bonded through N atom. This is possible only if the 

square planar complex 21 has the thiocyanate anions trans with 

respect to each other. The v(CS) of the NCS ligand is seen at 

758 cm- 1 and the bending vibration of the NCS group is at 474 cm-I. 

A broad band due to the presence oflattice water in the complex was 

seen at 3396 cm-I. 

100 

80 

O+-~-r~-.--~.-~-r~-.~~.-~~ 

4000 3500 3000 2500 2000 1500 1000 500 

-I 
Wavenumber (cm ) 

Fig. 5.6. IR Spectrum of compound 21. 

For compound 22 (Fig. 5.7), the broad and medium intensity 

band at 3377 cm-1 is assigned to the v(OH) vibrations. In relation to the 

absorptions caused by the organic ligand dpk reported elsewhere, it is 

worth mentioning that the band at 1680 cm-I, assigned to the c=o bond 

in dpk, is shifted to 1603 cm-1 after solvolysis due to the presence of the 

c-o bond in the complex [18,22,40]. 
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Fig. 5.7. IR spectrum of compound 22. 

Additionally, the IR spectrum of compound 22 revealed the bands 

corresponding to the skeleton vibrations of the coordinated dpkOH 

which appear at slightly shifted frequencies in relation to free dpk. 

Thus, bands for coordinated dpk'OH (free dpk) are: 1469 (1578) cm-! 

attributed to the pyridyl ring stretching; 1059 (998) cm-! for the pyridyl 

ring breathing; 763 (753, 742) cm- l attributed to the pyridyl ring 

C-H out-of-plane bending and 683 (662) cm-I for the pyridyl ring in

plane vibration. The characteristic Vas(N3) stretching vibrations due to 

the azide is observed as a strong peak at 2084 cm-!. This suggests the 

occurrence of bridged azide in the complex. The absence of the 

symmetric azide absorptions in the 1300 cm-! region implies the 

bridging azide to be of the end-on type, since the symmetrical Vs(N3) 

stretch of end-to-end azide bridge is not IR active. 
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The IR spectrum of compound 23 (Fig. 5_8) can be compared with the 

spectrum of the ligand Hhmba and the differences in the frequencies of 

absorption of various functions and groups can be regarded as the evidences 

for coordination_ The spectrum exhibits a broad band ca_ 3410 cm-I due to 

the stretching of the -OH group. The v(C=N) stretching vibration of the 

azomethine function is observed as a band of medium intensity at 1624 cm-! 

in the ligand. This band shifts by about 34 cm-I and is seen as a strong 

intensity band at 1590 cm-! in the spectrum of the complex. 'This is a very 

good evidence for the coordination of the azomethine N. Thus, in the 

complex, two Schi ff base Iigands are present, out of which one undergoes 

deprotonation and coordinates to the metal through the oxygen atom and 

azomethine N while the other remains protonated and has a free -OH and 

coordinates through the azomethine N alone. 
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Fig 5.8. IR spectrum of compound 23. 
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The fourth coordination of the square planar complex is 

completed by the N-bonded tenninal thiocyanate ligand. This 

coordination mode of thiocyanate in the complex is supported by the 

observation of a single peak of medium intensity at 2097 cm-I. The 

v(CS) of the NCS ligand is seen at 761 cm-I and the bending vibration 

of the NCS group is at 535 cm-I. 
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Syntheses, structural and spectral investigations of 
cobalt(I1/II1) complexes of Schiff bases with 

azide and thiocyanate 
",,,,,,,,,,,,,",,,,, .. , .. ,, .. """"'''''''' 

6.1 Introduction 

The coordination chemistry of cobalt is of considerable interest 

since cobalt(lI) and cobalt(III) complexes derived from Schiff bases are 

reported to be biologically active [1-4]. Since cobalt is present in the 

active sites of several important classes of metalloproteins, their study 

is of great interest in various aspects of chemistry [5-8]. Vitamin B12, 

which is involved in the production of red blood cells is a cobalt(III) 

complex with a substituted corrin macrocycle [9,10]. Cobalt(IIl) 

complexes have shown specific hypoxic radiosensitization and 

thennosensitization as well as anti-tumor activity in vivo [11-16]. The 

antitumor action of cobalt(III) complexes with tetradentate Schiff bases 

derived from aliphatic beta-diketones and diamines was observed in the 

case of ascite form of Erlich carcinoma [17]. Cobalt(III) complexes of 

Schiff bases are found to be potential antiviral agents [18,19]. Many 

model complexes of cobalt in both +2 and +3 oxidation states have been 

prepared and investigated, with particular emphasis on the reactivity of 

metal ions in the transmethylation reaction and the reversible absorption 

of molecular oxygen [20-22]. Cobalt complexes are also useful as 

catalysts in the synthesis and hydrolysis of peptides [23,24]. Azide acts 
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as an inhibitor for several enzymes like A TPases [25). Hence the study 

of metal-azido complexes is very useful for the understanding of 

bi~logical processes. 

The complexes with pseudohalogens like azide and thiocyanate is 

also interesting for the development of new molecule based magnetic 

materials because these anions have the capability to link the metal centers 

through bridges to form compounds with varying topologies and in 

addition to promote the magnetic exchange interactions between the metal 

centers. Of these azide is more versatile and efficient magnetic coupler. 

This spurred the interest in the investigations of coordination compounds 

containing such anions. Cobalt(II) complex of azide anion with 

bis(pyrazol-l-yl)methane [26] and cobalt(III) complexes of azide anion 

with 1,1 O-phenanthroline [27] and bis(2-pyridyl)amine [28] have been 

reported. There has been reports on the magnetic studies of dicubane 

Co(Il) complexes with azide bridges synthesized from di-2-pyridyl ketone 

[29,30]. The compounds were found to be ferromagnetic in nature. One 

dimensional coordination polymers of Co(H) with double end-to-end 

thiocyanate bridges synthesized using imidazole as the ligand were found 

to exhibit long-range magnetic ordering [31]. 

6.2 Stereochemistry 

Co(HI) ion has a et configuration and the atomic ground state is 

5D. The six coordinate octahedral geometry is the most commonly 

observed stereochemistry for the Co(HI) ion, but five coordinated 

complexes have also been reported. Distortions from the regular 

geometry is frequently observed in the case of Co(III) complexes 
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because of Jahn-Teller effect. Co(ll) is a d7 ion and is known in all 

coordination numbers from eight through two. However the 

coordination numbers six and four dominate. 

6.3 Experimental 

6.3.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), 2-benzoylpyridine 

(Sigma Aldrich), di-2-pyridyl ketone (Sigma Aldrich), quinoline-2-

carbaldehyde (Sigma Aldrich), 2-hydroxy-4-methoxybenzaldehyde 

(Sigma Aldrich), aniline (S. D. Fine), R-l-phenylethyl amine (Alfa 

Aeser), 2-aminopyrimidine (Sigma Aldrich), Co(Cl04)2"6H20 (Sigma 

Aldrich), Co(OAch·4H20 (Qualigens), NaN3 (Reidel-De Haen), KCNS 

(BDH) and mdhanol (Merck) were used as received. Whenever 

ethanol was used as the solvent, repeated distillation was carried out 

before use. 

6.3.2 Syntheses of cobalt complexes 

[Co(paah(N3)2](CI04)·H20 (24): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 rnmol) in methanol and aniline (0.093 g, 1 rnmol) in ethanol 

were refluxed for 2 hours. To this Co(Cl04k6H20 (0.365 g, 1 mmol) 

dissolved in ethanol and an aqueous solution of NaN3 (0.130 g, 

2 mmol) was added in drops. The resulting brown colored solution was 

stirred for 15 min. Brown crystalline product formed within one day 

was filtered, washed with ethanol, water and ether and dried over P 4010 

in vacuo. Elemental Anal. Found (Calcd.) (%): C, 45.96 (46.13); 

H, 3.35 (3.55); N, 22.85 (22.42). )l = 0 RM. 
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Co(papea)2(NCS)2 (25): Pyridine-2-carbaldehyde (0.l07 g, 1 mmol) and 

R-l-phenylethyl amine (0.121 g, 1 mmol) were refluxed in methanol for 

2 hours. To this, a methanolic solution of CO(OAC)2'4H20 (0.249 g, 

1 nunol) was added followed by an aqueous solution of KCNS (0.194 g, 

2 mmol) and refluxed for 4 hours_ Wine red rhombohedral single crystals 

suitable for X-ray diffraction were isolated within one week. The crystals 

were mechanically separated and dried over P 4010 in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 60.25 (60.49); H, 4.85 (4.74); N, 14.65 

(14.11). ~ = 4.83 B.M. 

[C02(paap)2(N3)2(OHhJo3H20·3CH30H (26): A mixture of pyridine-

2-carbaldehyde (0.107 g, 1 mmol) in methanol and 2-aminopyrimidine 

(0.094 g, 1 mmol) in methanol was refluxed for 2 hours. A methanolic 

solution of Co(Cl04h'6H20 (0.365 g, 1 mmol) was added to this 

followed by an aqueous solution of NaN3 (0.130 g, 2 mmol) in 

drops. The resulting mixture was stirred for 4 hours and the green 

product separated out was filtered, washed with methanol, water and 

ether and dried over P40 lO in vacuo. Elemental Anal. Found 

(Calcd.) (%): C, 36.14 (36.61); H, 3.95 (4.81); N, 26.25 (25.99). 

).l = 4.22 B.M. 

[Co(paap)2(NCS)2]'2H20 (27): A mixture of pyridine-2-carbaldehyde 

(0.107 g, 1 mmol) in methanol and 2-aminopyrimidine (0.094 g, 1 mmol) in 

methanol was refluxed for 2 hours. To this Co(OAc.k4H20 (0.249 g, 

1 mmol) was added followed by an aqueous solution of KCNS (0.194 g, 

2 mmol) and refluxed for 4 hours. The pink colored crystalline product 

which separated was filtered, washed with methanol, water and ether and 
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dried over P4010 in vacuo. Elemental Anal. Found (Calcd.) (%): C, 45.48 

(45.60); H, 3.60 (3.48); N, 24.36 (24.17). ~ = 4.80 B.M. 

[Co(bzpa)z(N3)z](CI04) (28): 2-Benzoylpyridine (0.183 g, 1 mmol) 

was dissolved in methanol and to this aniline (0.093 g, 1 mmol) was 

added the mixture was refluxed for 6 hours. To this, an ethanolic 

solution of Co(Cl04)z·6H20 (0.365 g, 1 mmol) and NaN3 (0.130 g, 

2 mmol) was added with continuous stirring. The resulting brown 

solution was left at room temperature for two weeks during which a 

brown solid separated out. This was filtered, washed with ethanol, 

water and ether, and P 4010 in vacuo. Elemental Anal. Found 

(Calcd.) (%): C, 57.34 (56.96); H, 3.60 (3.72); N, 18.74 (18.45). 

!l = 0 B.M. 

[Co2(dpk-OH)z(N3)z]"CH3CH20H"2H20 (29): Di-2-pyridyl ketone 

(0.187 g, 1 mmol) was dissolved in ethanol and aniline (0.093 g, 

1 mmol) was added to this. About 4-5 drops of glacial acetic acid 

was also added and refluxed for 6 hours. To the above solution, 

Co(CI04h"6H20 (0.365 g, 1 mmol) dissolved in ethanol was added 

followed by an aqueous solution of NaN3 (0.130 g, 2 mmol) slowly 

with stirring. Stirring was continued for 6 hours. Pink product 

formed was filtered, washed with ethanol, water and ether and dried 

over P40 lO in vacuo. Elemental Anal. Found (Calcd.) (%): 

C, 42.31(41.99); H, 3.57 (4.11); N, 21.04 (20.41). !l = 3.05 B.M. 

[Co(dpk-OH)z(NCS)]"4H20 (30): Di-2-pyridyl ketone (0.187 g, 

1 mmol) was dissolved in ethanol and aniline (0.093 g, 1 mmol) was 
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added to this. About 4-5 drops of glacial acetic acid was also added 

and refluxed for 6 hours. Co(OAch-4H20 (0.249 g, 1 mmol) was 

added to the above solution followed by an aqueous solution of 

KCNS (0.194 g, 2 mmol). The mixture was refluxed for 3 hours. 

The pink colored solid separated out was filtered, washed with 

ethanol, water and ether and dried over P 4010 in vacuo. Elemental 

Anal. Found (Calcd.) (%): C, 46.07 (46.70); H, 4.08 (4.43); N, 12.24 

(11.84). !l = 0 B.M. 

rCo(qaa)(N3)2]·lhCH3CH20H (31): Quinoline-2-carbaldehyde (0.l57 g, 

1 mmol) was dissolved in ethanol. Aniline (0.093 g, 1 mmol) was 

added to this. A few drops of glacial acetic acid was also added and 

refluxed for 4 hours. To this solution, Co(CI04h·6H20 (0.365 g, 

1 mmol) dissolved in ethanol was added. To this an aqueous 

solution of NaN3 (0.130 g, 2 mmol) was added slowly in drops. The 

mixture was stirred for 4 hours and the brown product fonned was 

filtered, washed with ethanol, water and ether. Dried over P 4010 in 

vacuo_ Elemental Anal. Found (Calcd.) (%): C, 51.17 (51.25); 

H, 3.07 (3.61); N, 28.67 (28.69). !l = 4.56 B.M. 

Co(qaah(NCSh (32): Quinoline-2-carbaldehyde (0.157 g, 1 mmol) 

was dissolved in methanol. Aniline (0.093 g, 1 mmol) was added to 

this. A few drops of glacial acetic acid was also added and refluxed 

for 4 hours. To this, a methanolic solution of Co(OAc)z·4H20 

(0.249 g, 1 mmol) was added followed by the addition of a solution 

of KCNS (0.194 g, 2 mmol) in water and refluxed for 3 hours. The 

brown product separated out was filtered, washed with methanol and 
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ether and dried over P40 10 in vacuo. Elemental Anal. Found 

(Calcd.) (%): C, 63.67 (63.84); H, 3.43 (3.78); N, 13.12 (13.14). 

).l = 4.98 B.M. 

Co(hmba)2(NCS) (33): 2-Hydroxy-4-methoxybenzaldehyde (0.152 g, 

1 mmol) was dissolved in methanol. To this, aniline (0.093 g, 1 mmol) 

was added. Co(OAch'4H20 (0.249 g, 1 mmol) dissolved in water added 

the above solution followed by an aqueous solution of KCNS (0.194 g, 

2 mmol) and the resulting solution was refluxed for 4 hours. The brown 

product separated out was filtered, washed with methanol followed by 

ether and dried over P40IO in vacuo. Elemental Anal. Found (Calcd.) (%): 

C, 61.10 (61.16); H, 4.94 (4.25); N, 7.97 (7.38).).l = 0 B.M. 

Caution! Although not encountered in our experiments, azide and 

perchlorate complexes are potentially explosive. Only a small amount 

of the material should be prepared, and it should be handled with care. 

6.4 Results and discussion 

The condensation of aldehyde/ketone and amine in 1: 1 molar 

ratio yielded the Schiff base ligands, which were used without further 

purification for the synthesis of the complexes by reaction in presence 

of pseud ohal ides NaN3/KCNS. 

The complexes 24 and 28 are cationic complexes and can be 

represented by the formula ML2X2(CI04), where X= NaN3. All other 

complexes are found to be neutral. The complexes 25, 27 and 32 have 

the stoichiometry ML2X2, while 30 and 31 can be represented as 
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MLX2. The cobalt complexes 26 and 29 have the general formula 

MLX and that of 33 is ML2X. 

The complexes 29 and 30, which were synthesized from the Schiff 

base obtained by the condensation of di-2-pyridyl ketone and aniline is 

not having the Schiffbase as the ligand. The Schiff base has undergone 

hydrolysis in presence of metal to fonn the gem-diol of di-2-pyridyl 

ketone. Nucleophilic addition of water to di-2-pyridyl ketone results in 

the fonnation of the gem-diol of di-2-pyridyl ketone to undergo metal

mediated nucleophilic addition of small molecules like water or alcohol 

to the carbonyl group results in the fonnation of hydrate or hemiacetal 

[29,30,32-34). It is thus the gem-diol of di-2-pyridyl ketone, which is the 

ligand in complexes 29 and 30. In complex 33, two Schiff bases are 

present, both of which coordinates to the metal after deprotonation 

through the deprotonated 0 atom and the azomethine N. 

All the complexes were found to be soluble in DMF, DMSO and 

acetonitrile, but only partially soluble in other organic solvents such as 

CHCh, ethanol, methanol etc. Room temperature magnetic 

susceptibility measurements reveal the diamagnetic nature of the 

complexes 24, 28, 30 and 33, so cobalt in these complexes is in the +3 

oxidation state. All other complexes are found to be paramagnetic and 

hence are in the +2 oxidation state. Even though several attempts were 

made to isolate single crystals of all the complexes, we were successful 

only in the case of two complexes. 
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6.4.1 Crystallographic data collection and structure analysis 

Single crystal X-ray diffraction measurements of complexes 25 

were carried out on a Bruker Smart Apex 2 CCD area detector 

diffractometer and Bruker Smart Apex CCD diffractometer at the 

X-ray Crystallography Unit, School of Physics, Universiti Sains 

Malaysia, Penang, Malaysia. The unit cell parameters were 

determined and the data collections were performed using a 

graphite-monochromated Mo Ka (A. = 0.71073 A) radiation at a 

detector distance of 5 cm at 100(1) K with the Oxford Cyrosystem 

Cobra low-temperature attachment. The collected data were reduced 

using SAINT program [35] and the empirical absorption corrections 

were performed using SADABS program [35]. The structures were 

solved by direct methods and refinement was carried out by full-matrix 

least squares on p2 using the SHELXTL software package [36]. All 

non-hydrogen atoms were refined anisotropically. Hydrogen atoms 

were geometrically fixed at calculated positions and allowed to ride 

on their parent atoms. Molecular graphics employed were 

ORTEP-III [37] and DIAMOND [38]. S atom on one of the 

thiocyanate group was found to be disordered with a site occupancy 

factor of 0.9346(16) and 0.0654(16). 

Single crystal X-ray diffraction experiments for the compound 

28 were performed on a BRUKER SMART APEX CCD 

diffractometer equipped with a graphite - monochromated Mo Ka 

radiation (A,=0.71073 A) at 293(2) K at the Analytical Sciences 

Division, Central Salt & Marine Chemicals Research Institute, 
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Gujarat, India. An omega-phi scan mode was employed for data 

collection. The collected data were reduced using SAINT [35J. The 

structure was solved by direct methods with the program SHELXS-97 

and refined by full matrix least squares on F2 using SHELXL-97 [35]. 

The graphical tools used were ORTEP-III [37) and DIAMOND [38]. 

All non-hydrogen atoms were refined anisotropically. Hydrogen 

atoms were geometrically fixed at calculated positions. 

6.4.2 Crystal Structures 

Co(papeah(NCSh (25): The complex 25 crystallizes into a 

monoclinic crystal system with the chiral space group P2!. Molecular 

structure of the complex is displayed in Fig. 6.1. The structural 

refinement parameters are given in Table 6.1 and significant bond 

parameters are given in Table 6.2. 

In the complex, an inversion in the configuration at C7 and C20 

IS observed, both the carbon atoms have the S configuration. The 

coordination sphere around the Co(II) centre is defined by four 

nitrogens from two molecules of the bidentate Schiff base ligand Land 

two nitrogen donors from two NCS- anions. The coordination 

geometry can be best described as a distorted octahedron. The pyridyl 

nitrogen atoms of the ligands are trans to each other, while the 

azomethine nitrogens and the thiocyanate nitrogens are eis. The Co-N 

distances confinn the divalent nature of the cobalt. The Co-N 

distances are shortest for the nitrogen atoms of the thiocyanate anions 

indicating the stronger covalent bonds with the anionic ligands. 
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Table 6.1 Crystal data and structure refinement 

Parameters 

Empirical fonnula 

Fonnula weight 

Color 

Temperature (T) K 

Wavelength (Mo Ka) (A) 

Crystal system 

Space group 

Unit cell dimensions 

a (A) 

b (A) 

c CA) 
an 
Pc) 
y(") 

Volume V (A3
) 

Z 

Calculated density (p) (Mg m-3
) 

Absorption coefficient, Jl (nun-I) 

F(OOO) 

Crystal size (mm3
) 

() range for data collection 

Limiting indices 

Reflections collected 

Unique Reflections (Rint) 

Completeness to e 
Refinement method 

Data 1 restraints 1 parameters 

Goodness-of-fit on F2 

Final R indices [I> 2a (I)] 

R indices (all data) 

Largest difference peak and hole (e k 3
) 

C30H28CoN6S2 

595.63 

Wine red 

100.0(1) 

0.71073 

Monoclinic 

P2] (No: 4) 

9.0039(10) 

15.1824(3) 

11.1332(2) 

90.00 

109.2840(10) 

90.00 

1436.53(4) 

2 

1.377 

0.773 

618 

1.24xO.74xO.24 

2.36 - 34.99 

-14sh:<:;14, -24sksI8,-17sls17 

27190 

9700 [R(int) = 0.0217] 

34.99 (99.0 %) 

Full-matrix least-squares on F2 

9700/3/359 

1.033 

RI = 0.0323, wR2 = 0.0814 

RI = 0.0347, wR2 = 0.0834 

0.869 and -0.709 
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Fig. 6.1 . Molecular structure of Co(papea),(NCS), (25) 

The Co(II)-N bond lengths are quite similar to the 

corresponding distances in similar systems [39,40]. The S atom of 

one of the thiocyanate groups is disordered with a site occupancy 

factor of 0.9346(16) for SIA and 0.0654(16) for SIB. The NCS- is 

almost linear (Ns--<::29--SIA~178.43(16r and N6-00-S2~177.85(16n. 

However, the N-C-S bond angle of the disordered S atom at one of 

the sites is lower (N5-C29--SIB~ 146.9(4n. The thiocyanate anion 

with the disordered S atom is coordinated to the Co(lI) centre in a bent 

manner (C29-Ns--<::01 ~ 139.46(I3n. while the connection between the 

second NCS- and the Co(ll) is nearly linear (C30-N6-Col ~173.44(15)') . 
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The two NCS- anions remain as tenninal ligands in the complex. The 

geometry around Co(II) is distorted from the regular octahedral geometry 

due to the nature of the Schiff base. This is reflected in the small bite 

angle of 76.25(4}" and 76.25(6}" for the two ligands respectively. Ring 

puckering analysis reveals the metal chelate ring Cg(I) fonned by Col, 

NI, C5, C6 and N2 to adopt an envelope conformation on Col 

[Q(2) = 0.092(1) A. <I> =5.7(10)"]. 

Table 6.2. Selected bond parameters ofCo(papea)z(NCS)2 

Bond lengths (A) 
Col-NI 2.1544(12) N5-C29 1.165(2) 
Co1-N2 2.2353(11) N6-C30 1.159(2) 
Col-N3 2.1587(12) SIA-C29 1.6369(18) 
Col-N4 2.1635(14) SlB-C29 1.642(2) 
Col-N5 2.0894(13) S2-C30 1.6351(18) 
Col-N6 2.0426(17) 
Bond angles n 
N1-Col-N2 76.25(4) N6-Col-N3 93.27(6) 
NI-Col-N3 172.82(6) N5-Col-N4 98.82(5) 
NI-Co1-N4 96.77(6) N6-Col-N4 165.87(5) 
N5-Col-Nl 91.73(5) N6-Col-N5 90.70(6) 
N6-Col-Nl 93.32(6) C29-N5-Col 139.46(13) 
N3-Col-N2 101.49(4) C3O-N6-Col 173.44(15) 
N4-Col-N2 87.74(6) N5-C29-S1A 178.43(16) 
N5-Col-N2 166.96(5) N5-C29-S1B 146.9(4) 
N6-Col-N2 85.08(6) N6-C30-S2 177.85(16) 
N3-Col-N4 76.25(6) SIA-C29-SIB 33.6(4) 

In the crystal lattice of the complex, the molecules pack in a 

'head to tail' fashion along the crystallographic 'a' axis. The packing 

diagram of the compound is given in Fig. 6.2. The crystal structure 

lacks hydrogen bonds. C-H "'il' interactions (Table 6.3) and il""il' 
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stacking interactions (Table 6.4) collectively contribute towards the 

effective packing of the molecule in the crystal lattice. 

Fig. 6.2. Packing diagram of Co(papeah(NCSh (25) along the 
'a' axis. 

Table 6.3. C-H"'x interaction parameters 

C H(l)"'Cg(J) H···Cg (A) C H"'Cg (') C"'Cg (A) 
CI- HIA(I]-Cg(6), 3.1365 103.37 3.472(2) 
CIQ-H lOA[1 )-Cg(3)' 3.1796 140.14 3.939(2) 
CI4-H 14A[I]-Cg(6)' 3.3040 122.39 3.883(2) 
CI5- H I 5A[1]-Cg(6)' 3.0245 134.07 3.732(2) 
C2Q-H20A[1]-Cg(1 )' 2.8278 112.47 3.3278(18) 
C23-H23A[I]- Cg(5)' 3.1968 133.83 3.8995(19) 

Equivalent position code: a = X, y. z; b = -x, -1 12+y, -l ; C = I-x. II2+y. -z; d = I+x, y, l+z 

Cg(l) ~ Co l. NI. C5. C6. N2; Cg(3) - NI. Cl. C2. Cl. C4. CS; Cg(S) - CS. C9. CIO. 
Cl I . C12. CI3 ; Cg(6) - C21. C22. C2l. C24 . C2S. C26 
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Table 6.4. 1t·"x interactions 

Cg{!lRes{!l"'Cg{ J) Cg···Cg{A) Cl 
. 

~ . . 
'1 

Cg(l)[I]"'Cg(5)a 4.7552(10) 79.01 55.14 63.06 

Cg(1)[I]"'Cg(6t 4.7996(10) 14.03 47.52 49.74 

Cg(2)[1 ]"'Cg(5 a 4.0298(11) 9.20 24.35 33.01 

Cg(3)[I]-"Cg(6t 4.2757(11) 17.73 44.21 33.12 

Cg(4)[I]"'Cg(5)8 4.8401(12) 9.73 40.23 49.39 

Cg(5)[1]"'Cg(2)B 4.0298(11) 9.20 33.01 24.35 

Cg(5)[I]"'Cg(4)" 4.8401(12) 9.73 49.39 40.23 

Cg(6)[11"·Cg( 1 t 4.7996(10) 14.03 49.74 47.52 

Cg(6)[11"'Cg(3t 4.2758(11) 17.73 33.12 44.21 

Cg(6)[I]-"Cg(4)b 4.9070(11) 88.36 3.58 84.80 

Equivalent position code: a = x, y, z; b = l-x,-l/2+y,-z 

Cg(l) = Col, Nl,C5,C6, N2; Cg(2) = Col, N3,CI8, C19, N2; Cg(3)=NI,Cl, C2,C3, C4, 
C5; Cg(4) = N3, C14, C15, C16, C17, C18; Cg(5) = C8, C9, ClO, Cll, C12, Cl3; 
Cg(6) = C21, C22, C23, C24, C25, C26 

[Co(bzpah(N3h](CI04) (28): Brown needle-shaped single crystals 

suitable for X-ray diffraction were obtained by the slow 

evaporation of the complex from a 1: 1 mixture of acetone and 

water. The structure of the cation is given in Fig. 6.3. The 

structutal refinement parameters are given in Table 6.5 and 

significant bond parameters are given in Table 6.6. The compound 

crystallizes into the triclinic system with a space group of Pi. 

There are two crystallographically independent molecules in the 

asymmetric unit (Fig. 6.4). 
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Table 6.5. Crystal data and structure refmement 

Parameters 

Empirical formula 

Formula weight 

Color 

Temperature (T) K 

Wavelength (Mo Ka) (A) 

Crystal system 

Space group 

Unit cell dimensions 

a (A) 

b (A) 

c (A) 

a(") 

~n 
rC) 
Volume V (A3

) 

Z 
Calculated density (p) (Mg mo3

) 

Absorption coefficient, J.1(mmol
) 

F(OOO) 

Crystal size (mm3
) 

e range for data collection 

Limiting indices 

Reflections collected 

Unique Reflections (RiDt) 

Completeness to a 
Refmement method 

Data I restraints 1 parameters 

Goodness-of-fit on F2 

Final R indices [I > 2a (1)] 

R indices (all data) 

Largest difference peak and hole (e A0

3) 
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C3Ji2SCICoNIOOZ 
1518.13 

Brown 

293(3) 

0.71073 

Triclinic 

Pi 

10.9367(9) 

18.0817(17) 

20.1629(16) 

111.342(2) 

91.622(2) 

107.5030(10) 

3499.1(5) 

2 

1.441 

0.623 

1560 

0.20x0.16xO.08 

1.96 - 28.31 

-14::;;h514, -24::;;le:;23, -26::;;}::;;26 

30575 

15866 [R(int) = 0.0292] 

28.31 (91.1 %) 

Full-matrix least-squares on F2 

15866/0/925 

1.002 

RI = 0.0749, wR2 = 0.2011 

RI = 0.1164, wR2 = 0.2289 

0.907 and -0.522 



Fig. 6.3. Structure of [Co(bzpah(N,h[+ cation 

From Table 6.6, it is clear that the two molecules In the 

asymmetric unit are almost identical. The bond angles and bond 
. 

lengths in the two monomers agree with each other. So the discussion can 

be limited to one of the molecules. The compound consists of cobalt(lII) 

coordinated by four nitrogen atoms from two molecules of the Schiffbase 

and two nitrogen atoms from azide. The N6 coordination of the cobalt(1I1) 

is completed by pairs of trans- pyridyt N. cis- azomethine N and cis- azide 

N to form two five membcrcd chelate rings . The azide anions are 

terminal. The bond lengths and bond angles reveal significant 
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distortion in the octahedral geometry. The rather small bite angle 

[NI-Col-N2 = 82.26(13)" and N3-Col-N4 = 82.04(13)"] defines 

the largest distortion in the geometry. 

Table 6.6. Selected bond parameters 

Bond lengths (A) 
Col-NI 1.921(3) Co2-NIl 1.922(3) 
Col-N2 1.962(3) Co2-N12 1.966(3) 
Col-N3 1.927(3) Co2-N13 1.929(3) 
Col-N4 1. 964(3) Co2-N14 1.957(3) 
Col-N5 1.941(3) Co2-N15 1.944(4) 
Col-N8 1.944(4) Co2-N18 1.972(4) 
N5--N6 1.189(5) NI5--NI6 1.187(6) 
N6-N7 1.145(6) NI6-N17 1.137(7) 
N8-N9 1.133(6) N18-N19 1.158(6) 
N9-NI0 1.172(7) NI9-N20 1.151 (7) 
Bond angles n 
NI-Col-N2 82.26(13) NI1-Co2-NI2 82.27(13) 
NI-Col-N3 177.51(13) NII-Co2-NI3 177.24(14) 
NI-Col-N4 95.53(12) NII-Co2-N14 95.67(13) 
NI-Col-N5 90.19(15) NU-Co2-NI5 90.81(18) 
NI-Col-N8 90.70(16) N11-Co2-NI8 91.69(16) 
N2-Col-N3 97.17(13) N12-Co2-N13 96.41(14) 
N2-Col-N4 89.32(12) NI2-Co2-NI4 88.59(12) 
N2-Col-N5 87.58(15) N12-Co2-NI5 92.77(17) 
N2-Col-N8 172.62(15) NI2-Co2-NI8 173.72(16) 
N3-Col-N4 82.04(13) NI3-Co2-N14 81.86(13) 
N3-Col-N5 92.21(15) NI3-Co2-NI5 91.68(18) 
N3-Col-N8 89.78(15) Nl3-Co2-NI8 89.55(16) 
N4-Col-N5 173.08(15) NI4-Co2-NI5 173.51(17) 
N4-Col-N8 89.16(15) NI4-Co2-N18 90.33(15) 
N5-Col-N8 94.68(17) NI5-Co2-NI8 89.0(2) 
Col-N5--N6 118.9(3) Co2-NI5--NI6 117.8(4) 
Col-N8-N9 119.4(4) Co2-NI8-NI9 117.5(3) 
N5--N6-N7 175.4(6) Nl5--NI6-NI7 177.3(6) 
N8-N9-NIO 175.4(9) N18-NI9-N20 177.3(6) 
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Fig. 6.4. The asymmetric unit of[Co(bzpa),(N,hl(CIO,) (28). 

The azide anions which are nearly linear (N5-N6-N7 = 175.4(6)' 

and N8- N9-NIO = 175.4(9)'] are coordinated with a N6-N5-Col 

angle of 118.9(3), and N9-N8-Col angle of 119.4(4), . The N-N 

bond lengths in the azide group 8re almost equal, with the longer 

N-N bonds involving the N atoms coordinated to the metal centre. 

Howe¥er, in N8-N9- NIO. the N8- N9 bond [1.133(6) A] is much 

shorter than N9-N 10 bond [1.172(7) Al. This may be attributed to 

the stronger C-H···Jr interaction in N8-N9-NIO, which is not 

significant in N5- N6-N7. The Co(III)-N bond distances in the 

complex are in the range 1.921(3)-1.972(4) A. This is in agreement 

with the previous reports [27.28.41-44] . The Co(llI)-N distance is 

shorter for the pyridyl nitrogen atoms indicating their stronger 
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coordination than azomethine and azide nitrogens. The perchlorate 

ions remain non-coordinating. 

The mean plane deviation calculations show that the metal 

chelate rings are somewhat planar. Ring puckering analysis reveals 

that the ring Cg(9) comprising of Co2, N11, C41, C42 and N12 

adopts an envelope conformation on Co2. The dihedral angle 

formed by the mean planes of the chelate systems are 88.90(17)" 

and 85.58(17)" respectively in the two units. The two pyridyl rings 

make a dihedral angle of 86.39(23)" and 78.15(26)" in the two 

monomers respectively. 

The packing diagram of the molecule in the crystal lattice is given in 

Fig. 6.5. In the crystal lattice, the molecules are arranged in a 'head to tail' 

manner. There are no classical hydrogen bonds seen in the crystal 

structure. The packing of the molecules in the crystal lattice is stabilized 

by C-H···X' interactions (Table 6.7), X' ... X' stacking interactions (Table 6.8) 

and some weak hydrogen bonding interactions (Table 6.9). 

Table. 6.7. C-H···1t interaction parameters 

C-H(I)···Cg(J) H"'Cg(A) C-H"'CgC) C···Cg (A) 

N(l6)-N(l7)[2]-··Cg(9t 3.219(7) 53.3(4) 2.697(5) 

N(19)-N(20)[2]-··Cg(3t 2.954(6) 117.1(6) 3.626(4) 

N(l9}-N(20)[2]-··Cg(10t 3.080(6) 54.4(3) 2.584(4) 

N(19}-N(20)[2Y·Cg(12t 3.601(7) 74.7(4) 3.479(5) 

Equivalent position code: a = x, y, z 

Cg(3) =NI, Cl, C2,C3, C4, C5; Cg(9) = Co2, NIl, C41, C42, NI2; Cg(lO) = Co2, Nl3, 
C59, C60, N14; Cg(l2) = N13, C55, C56, C57, C58, C59 
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Table 6.8. X"'X interactions 

Cg(l)Res(l)···Cg(J) Cg···Cg(A) a . p. "f 
. 

Cg(1)[I]"'Cg(8)a 3.879(2) 40.13 18.13 46.78 

Cg(3)[I]""Cg(8t 3.880(3) 38.40 17.73 26.21 

Cg(8)[I]""Cg(I)" 3.879(2) 40.13 46.78 18.13 

Cg(8)[ 1 ]"'Cg(3)" 3.880(3) 38.40 26.21 17.73 

Cg(9)[2]"'Cg( 16)· 3.849(2) 40.11 18.67 47.16 

Cg(10)[2]"·Cg(14)· 3.983(2) 42.99 19.82 48.61 

Cg(ll )[2]""Cg(l6)· 3.883(3) 37.76 19.19 30.36 

Cg(l0)[2]"'Cg(l4)" 3.983(2) 42.99 48.61 19.82 

Cg( 16)[2]"'Cg(9)" 3.849(2) 40.11 47.16 18.67 

Cg(16)[2]"'Cg(I I)a 3.883(3) 37.76 30.36 19.19 

Equivalent position code for Co(bzpa)z(NJ)z(CI04): a = x, y, z; 

Cg(l) = Col, NI, C5, C6, N2; Cg(3) = NI, Cl, C2, C3, C4, C5; Cg(8) = C31, C32. 
C33, C34, C35, C36; Cg(9) = Co2, Nll, C41, C42, N12; Cg(IO) = Co2, NB, C59, 
C60, N14; Cg(ll) = NIl, C37, C38, C39, C40, C41; Cg(14) = C49, C50, C51, C52, 
C53, C54; Cg(16) = C67, C68, C69, C70, C71, C72 

Table 6.9. H-bonding interactions 

])-H"'A ])-H {A} H···A {X} D"'A{A} D-H"'An 
CI-H1"'N8 0.93 2.38 2.888(7) 114 

C14-HI4"'063 0.93 2.49 3.2742 142 

C19-H19"'NS 0.93 2.43 2.941(7) 114 

C35-H3S"'0Sb 0.93 2.S1 3.1711 128 

C37-H37"'N18 0.93 2.43 2.939(8) 114 

CSO-HSO"'OI c 0.93 2.29 3.077(8) 141 

CS5-HSS"'NlS 0.93 2.41 2.912(9) 114 

C64-H64· "02d 0.93 2.S1 3.389(10) 1S8 

C68-H68"'OI c 0.93 2.S3 3.429(7) 163 

D=donor, A=acceptor 

Equivalent position code: a = 2-x, l-y, l-z; b = I-x, l-y, I-z; c = 2-x, I-y, 2-z; d = 
-I+x, I+y, Z 
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The orientation of the molecules in the crystal lattice is in such a 

manner that 1C' •. 1C stacking interactions involving metal-chelate ring, 

pyridyl and phenyl rings reinforce the packing. The metal chelate ring 

Cg(l) and pyridyl ring Cg(3) are involved in " ... " interaction with the 

phenyl ring Cg(8) at average distances of 3.879(2) and 3.880(3) A. 
Similar interactions are observed in the second molecule also. In 

addition, in the second molecule, there is an additional1f·"1f interaction 

between metal chelate ring Cg(IO) and phenyl ring Cg(14) at average 

distance of3.983(2) A. 

~. l 

Fig. 6.5. Packing diagram of ICo(bzpa),(N,)zJ(CIO.) (28) viewed 
along the 'a' axis. 
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6.4.3 Spectral characteristics of cobalt complexes 

6.4.3a Electronic spectra 

For cl' Co(lII), the atomic ground state is 5 D and the octahedral 

high spin ground state is 5T2g• A single spin-allowed transition to the 

5 Eg state is predicted but this will generally be split because the latter 

suffers Jahn Teller distortion. But only a few high spin six coordinate 

complexes are known. The six coordinate complexes of cobalt(III) are 

invariably low spin and have the ground term lA Ig. Two transitions viz. 

1 TIg~ IAIg and I T2g~ IAIg are expected for six coordinate low spin 

Co(lII) complexes [45]. 

Co(ll) is a d7 species with a 4F ground term. In six coordinate 

Co(ll), three transitions are expected: 4T2g~ 4T1g (VI), 4A2g-+- 4T1g (V2) and 

4T1g (P) ~ 4TIg (V3). The transition to 4A2g is usually very weak and often 

appears as a shoulder. For the tetrahedral species also, three transitions are 

predicted: 4T2~ 4A2 (VI), 4T1 -+- 4A2 (V2) and 4TI (P) ~ 4A2 (V3) [45]. All 

the three transitions can be observed, though VI lies at low energy in the 

near infrared. 

Compound 24 exhibited bands at 800 and 648 nm, which 

correspond to the d-d transitions of Co(lII) in a distorted octahedral 

environment. The CT band is observed at 380 nm. The 7r ~ 7r * 
transitions of the ligand are seen as an intense peak at 293 nm. The 

n ~ 7r * transitions of the ligand seen at 326 nm are obscured by the 

broad and intense eT bands. 
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The thiocyanate complex 25 (Fig. 6.6) displayed a band at 623 run 

assignable to the d-d transition of an octahedral Co(II). The shoulder 

observed at 585 run is probably a spin-forbidden transition. Charge 

transfer bands are seen at 465 and 407 run. The lower energy CT band 

may be assigned to NCS ~Cu(II) LMCT and the higher energy band 

is due to N~Cu(II) LMCT. The n ~ Jr * and 7r ~ 7r * transitions 

due to the ligand are viewed at 340 and 290 nm respectively_ 
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Fig. 6.6. Electronic spectrum of compound 25. 

Compound 26 exhibits a broad band at 550 nm assigned to the 

d-d transition and is in accordance with the spectra observed for five 

coordinate Co(ll) complexes. The 7r ~ Jr * ligand transition is 

observed at 291 nm and the n --) 1( * transition was seen at 312 nrn. 

The n --) Jr * peak was very broad that it masked the charge transfer 
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band. The greater intensity of n ~ 1( * transition is attributed to the 

intensity stealing from the charge transfer transitions. 

The n ~ 1( * and 1( ~ 1( * transitions of the ligand are viewed at 

313 and 290 nm respectively in complex 27. Two charge transfer 

bands are observed at 471 and 495 nm. Bands observed at 520, 540 

and 620 nm correspond to the d-d transitions of the octahedral Co(Il) 

complex (Fig. 6.7). 
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Fig. 6.7. Electronic spectrum of complex 27. 

In the Co(III) complex 28, two d-d bands are observed in the 

regions 820-750 and 660-620 nm. The n ~ 1( * transition of the 

ligand was obtained in conjugation with a charge transfer band and 

was seen at around 347 nm as a very broad band with very high 

intensity almost equivalent to the intensity of the 1( ~ 1( * 
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transition of the ligand. The higher intensity of the n --» 7r * 
transitions is due to the intensity borrowing from the nearby charge 

transfer band. The 7r -; 7r * transition of the ligand is seen at 

298 nm. 

Co(Il) complex 29 exhibits d-d bands at 660 and 526 run suggesting 

the complex to be tetrahedral. The charge transfer band appears at 482 run. 

The ligand centered transitions are seen at 319 and 291 nm. The thiocyanate 

Co(lII) complex 30 has broad bands ca. 620 and 524 nm assignable as the 

d-d transition of the C03
+ ion. The charge transfer transition in the complex 

is observed at 483 run. The n --» 7r * and 7r --» 7r * transitions of the ligand 

are viewed at 312 and 290 run respectively. 
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The electronic spectrum of compound 31 given in Fig. 6.8. 
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Fig. 6.8. Electronic spectrum of compound 31. 
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In complex 31, a complicated pattern is displayed with bands at 

680,650 and 589 mn. Considering the intensity of these bands, the one 

at 680 nm can de assigned as the 4T\ (P)+--4A2 of a four coordinate 

tetrahedral Co(Il) species. The other two bands are probably the spin

forbidden transitions, which might have gained intensity by interaction 

with the visible spin allowed band. The charge transfer transition 

occurs at 366 nm. The intraligand transitions were obtained at 

320 (n ~ 7r *) and 301 nm (7r ~ 7r *). 

The d-d transition in complex 32 was obtained as a broad band in 

the range ca. 632 nm, which can be assigned as the 4T1g (P) ~4Tlg 

transition of an octahedral Co(ll). A shoulder appearing at 560 nm is 

probably a spin-forbidden transition. The charge transfer band is seen 

at 420 nrn and a higher energy charge transfer band occurs due to 

N~Cu(II) transition at 375 nrn and the n ~ 7r * and 7r ~ 7r * 
transitions ofthe ligand are viewed at 332 and 302 nm respectively. 

For complex 33, d-d transition is obtained as a broad band ca. 

571 nm, which is consistent with the transitions of a five coordinate 

Co(lII) complex. A spin forbidden shoulder was observed at 615 nm. 

The charge transfer band for the compound is observed in the visible 

region at 400 nm. The n ~ 7r * and 7r ~ 7r * transitions of the ligand 

are viewed at 332 and 292 nm respectively in complex. These 

transitions were observed at 334 and 291 nm respectively in the ligand. 

The 7r ~ 7r * transitions of the ligand thus show a shift to slightly 

longer wavelengths in the complex upon complexation. The red shift 
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in the case of n ~ 7l * transition indicates coordination of the 

azomethine nitrogen atom of the Schiff base [45]. 

6.4.3b IR spectral studies 

IR spectroscopy is a useful tool to confiml the coordination of 

various atoms and groups to the metal atom from the positions and 

natures of the bands associated with them. However, it cannot be used 

alone to detennine the stereochemistry and has to be coupled with other 

spectral techniques like EPR, electronic spectroscopy etc. The interest in 

the IR spectra of the compounds studied comes mainly from the bands 

due to the azide and thiocyanate groups. The position of the bands 

corresponding to the stretching frequency of these groups can be used for 

characterization of their mode of coordination to the metal ions [46]. 

The IR spectrum of compound 24 (Fig. 6_9) shows a sharp peak 

of medium intensity at 1601 cm- l
, which is assigned as the v(C=N) 

stretching mode of the azomethine function of the Schiff base, the 

position of which is in agreement with the previous reports and is thus 

indicative of the coordination of azomethine N. The band at 1487 cm- l 

is attributed to pyridyJ ring stretching and the band at 1028 cm-I is due 

to pyridyl ring breathing. The in-plane ring deformation of the pyridyl 

ring and the pyridyl ring out-of-plane bending are observed at 658 and 

509 cm- l as weak bands. The above observations indicate the pyridyl N 

coordination. The interest in the IR spectra of azide complexes are 

focused on the bands corresponding to this versatile ligand. The 

spectrum of 24 exhibits an intense absorption at 2020 cm- l which is 

associated with the asymmetric stretching mode of the azide ligand. 
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The absence of this band indicates the tenninal nature of the azide in the 

complex and suggests the trans location of the two azide groups in the 

complex. The cis-isomers would have split absorption of the asymmetric 

stretch of the azide. The vs(N3) stretching mode of the azide group is 

observed as a medium band at 1286 cm-I. The defonnation mode of the 

azido ligand is observed as a weak: band at 697 cm-I. 

The presence of an un split band at 1094 cm -\ corresponding to 

v3(CI04) and at 622 cm-I assignable to v4(CI04) indicate the Td 

symmetry of CI04- is maintained in complex 24_ Also, the absence of a 

band corresponding to VI at approximately 920 cm-I is noted_ All these 

suggest that perchlorate is outside the coordination sphere of the 

complexes and is hence ionic in nature [47-50]. 
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Fig. 6.9. IR spectrum of compound 24. 
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The v(C=N) stretch of the azomethine group occurs as a 

medium band at 1595 cm- l and indicates the azomethine N 

coordination to the cobalt in complex 25 (Fig. 6.10). The 

coordination of the pyridyl nitrogen is confirmed by the presence of 

pyridyl ring stretch at 1444 cm-I, pyridyl ring breathing at 1016 cm-I, 

pyridyl in-plane ring deformation at 698 cm- l and pyridyl out-of

plane ring defonnation at 420 cm-I. 
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Fig 6.10. IR spectrum of compound 25. 

The IR spectrum of 25 has two strong and sharp peaks at 

2088 and 2058 cm-I assignable to the v(CN) stretching mode of a 

thiocyanate group. The v(CN) of a bridging thiocyanate is usually 

found to be above 2100 cm- l [46]. In the present case, frequencies 

of these vibrations are below 2100 cm -1 and suggest the presence of 
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tenninal thiocyanate group bonded through the N atom to the 

metal. Moreover, since this band is a doublet, the NCS groups are 

non-equivalent. Thus the complex will be a cis isomer, because the 

trans isomer will have equivalent NCS groups. This is supported by the 

crystal structure of the complex. The bands corresponding to the 

stretching frequency v(CS) appear as doublets at 789 and 763 cm-I. The 

bands belonging to the defonnation frequency 8(NCS) were found 

at 502 and 540 cm-I confirming the existence of N-bonded NCS 

group. These assignments were made on an observation that the 

stretching frequency v(CS) in a terminal thiocyanate is lower than 

in a bridging one [51]. The structure of 25 confirms the 

hypothesis. 

Complex 26 (Fig. 6.11) has a medium band at 1601 -I cm 

assignable to the v(C=N) stretching mode of the azomethine group, 

indicating the azomethine N coordination. The pyridyl N of the Schiff 

base is also coordinated as evident from the shifts in the absorption 

frequencies due to the pyridyl ring. The pyridyl ring stretching is observed 

at 1459 cm-I, the breathing mode of the pyridyl ring is at 1052 cm-I and 

the pyridyl in-plane and out-of-plane ring defonnation are at 647 and 

420 cm-I respectively. 

The characteristic Vas(N3) stretch due to the azide ligand in 

compound 26 is observed as a doublet at 2061 and 2031 cm-I. The 

splitting of this band is indicative of the bridging perfonnance of the 

azide in the complex. The presence of the symmetric vibration of the 

azide at 1282 cm-I suggests the presence of end-on coordination of the 
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azide since this vibration mode is not usually active in end-to-end 

azides. The bending mode of the azide is observed at 766 cm-I. 

Finally, a broad band ca. 3421 cm- l is assigned as the stretching 

vibration ofthe -OH group coordinated to the metal. 
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Fig. 6.11. lR spectrum of compound 26. 

Compound 27 (Fig. 6.12) exhibits the v(C=N) of the azomethine 

function of the Schiff base at 1599 cm- l as a strong band. The band at 

1537 cm-I is attributed to pyridyl ring stretching and the band at 1066 cm-I 

is due to pyridyl ring breathing. The in-plane ring defonnation of the 

pyridyl ring and the pyridyl ring out-of-plane bending are observed at 

650 and 579 cm- l as weak bands. The above observations indicate the 

pyridyl N coordination. 
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Fig. 6.12. IR spectrum of compound 27. 

The Vas stretching due to the thiocyanate e,'TOUpS is observed as a 

strong band observed at 2079 cm-I. The frequency of absorption below 

2100 cm -I indicates the coordination of the N CS group through N atom 

and the terminal nature of the ligand. The absence of split of the 

absorption suggests that the complex is a trans isomer with the two 

NCS groups located trans with respect to each other in the octahedral 

complex and are hence equivalent. The bands corresponding to the 

stretching frequency v(CS) appear at 757 cm-I and the bands belonging 

to the deformation frequency o(NCS) were found at 579 cm-1 

confirming the existence ofN-bonded NCS group. 

Complex 28 (Fig. 6.13) exhibits the v(C=N) of the azomethine 

function of the Schiffbase at 1586 cm-I as a medium band. The pyridyl 
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ring vibrations are observed in the usual ranges. The vas(N3) stretching 

due to the azide groups is observed as a strong band observed at 2010 cm-I 

with a small percentage of splitting. This suggests mutual cis 

coordination of the two azide groups to the metal. The azide symmetric 

stretch, Vs(N3), appears at about 1341 cm- l in the compound as a 

medium band. The band corresponding to the deformation mode (J) of 

the azido group can be observed at 685 cm-I. 
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4000 3500 3000 2500 2000 1500 1000 500 

-1 Wavenumber (cm) 

Fig. 6.13. IR spectrum of compound 28. 

According to the elemental analysis, the ligand dpka has 

undergone hydrolysis to form the gem-diol of dpk, which then forms 

the metal complex 29. IR spectral analysis (Fig. 6.14) supports this 

observation. 
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Fig. 6.14. IR spectrum of compound 29. 

The broad and medium intensity band at 3422 cm- l is assigned to 

the v(OH) vibrations due to the lattice water. In relation to the 

absorptions caused by the organic ligand dpk reported previously, it is 

worth mentioning that the band at 1680 cm-I, assigned to the c=o bond 

in dpk, is shifted to lower frequencies ca. 1603 cm -I after solvolysis 

due to the presence of the c-o bond in the complex [29,30,52]. The 

bands assigned to the pyridyl ring stretching modes are also remarkably 

shifted, relative to the free dpk ligand, due to the loss of coplanarity 

between the pyridyl rings after rehybridisation from sp2 to Sp3. The 

pyridyl ring stretching modes in the free dpk at 1578 cm-1 is shifted to 

1438 cm-I, the ring breathing vibrations in dpk at 998 cm-I suffers a 

shift to 1056 cm-I, the pyridyl C-H out-of-plane bending in dpk at 
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753 cm-1 shifts to 763 cm·l and the in-plane vibrations of the pyridyl 

rings shifts to higher frequencies from 662 to 682 cm-' in the complex. 

The characteristic vas(N3) stretching vibrations due to the azide ligand is 

observed as strong doublets at 2080 and 2040 cm·'. The splitting of 

this vibration indicates the occurrence bridging azide in the complex. 

The band at 1293 cm-1 may be assigned to the Vs(N3) stretch and is 

suggestive of the bridging azide to be of the end-on type, since the 

symmetrical Vs(N3) stretch of end-to-end azide bridge is not IR active. 

The band corresponding to the deformation mode «(j) of the azido group 

can be observed at 636 cm-' . 

In complex 30 (Fig. 6.15) the dpk molecule is coordinating in its 

gem-diol form. The IR pattern is very similar to the complex 29 and 

the main difference lies in the 2100-2000 cm-1 region of the spectrum. 

Complex 30 exhibits a broad band of medium intensity at 3431 cm- 1 

due to the v(OH) vibrations. The band at 1680 cm-I, assigned to the 

c=o bond in dpk, is shifted to lower frequencies ca. 160 I cm-1 in the 

complex due to the conversion to C-O bond on solvolysis. The 

vibrations of the pyridyl ring in the free ligand also suffers appreciable 

shift in frequencies upon complexation. The pyridyl ring stretching 

modes in the free dpk at 1578 cm-1 is shifted to 1434 cm-I, the ring 

breathing vibrations in dpk at 998 cm-1 suffers a shift to 1044 cm-l
, the 

pyridyl C-H out-of-plane bending in dpk at 753 cm-l shifts to 773 cm-1 

and the in-plane vibrations of the pyridyl rings shifts to higher 

frequencies from 662 cm-' to 683 cm· l in the complex. In addition a 

single strong and sharp peak is observed at 2083 cm-I, attributable to 
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the v(CN) stretching of the N-bonded tenninal thiocyanate ligand in the 

complex. v(CS) is at 752 cm-l and the bending vibration of the NCS 

group is at 474 cm-I, which again confinns the presence of N-bonded 

tenninal NCS group. 
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Fig 6.15. IR spectrum of compound 30. 

Complex 31 (Fig. 6.16) has the absorption of the azomethine 

function of the ligand as a weak band at 1593 cm-l, which supports the 

coordination of imine N to copper. The pyridyl ring vibrations are 

shifted appreciably in the complex on comparison with the free pyridyl 

ring and is thus indicative of coordination through pyridyl N. The 

vas(N3) stretching vibrations due to the azido ligand exhibits a very strong 

band at 2065 cm-l. The vs(N3) stretching mode is observed at 1346 cm-l. 

The bending mode of the azido ligand is observed at 694 cm-l. 
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Fig. 6.16. IR spectrum of compound 31. 

In the thiocyanate complex 32 (Fig. 6.17), the medium intensity 

peak at 1591 cm- l is assigned to the absorption of the azomethine 

function and indicates its coordination. The pyridyl vibrations are 

observed in the usual ranges and suggest the coordination of pyridyl N. 

A very strong peak at 2065 cm-! is due to the v(CN) stretching of the 

thiocyanate group. The position of the peak indicates the presence of 

N-bonded terminal thiocyanate group in the complex. The absence of 

splitting in this absorption is an indication that the complex under study 

is a trans isomer and not a cis isomer, because a cis isomer will have 

the split absorption of the asymmetric stretching v(CN). The v(CS) of 

the NCS ligand at 745 cm-! and the bending vibration of the NCS group 

is at 490 cm-! also indicates coordination through N atom of the 

terminal NCS ligand. 
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Fig. 6.17. IR spectrum of compound 32. 

The IR spectrum of compound 33 (Fig. 6.18) can be compared 

with the spectrum of the ligand Hhmba and the differences in the 

frequencies of absorption of various functions and groups can be 

regarded as the evidence for coordination. The spectrum of ligand has 

a broad band at 3445 cm"l due to the stretching mode of the O-H group 

in the ligand. This band is absent in the complex, which means that the 

deprotonation of the ligand has taken place the oxygen atom is bonded 

to the metal. The v(C=N) stretching vibration of the azomethine 

function is observed as a band of medium intensity at 1624 cm"l in the 

ligand. This band shifts to lower frequency and is seen as a strong band 

at 1606 cm"l in the spectrum of the complex. This is a very good 

evidence for the coordination of the azomethine N. Thus, the 

deprotonated ligand coordinates to the copper ion through the 0 atom 
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and the azomethine N. A single strong and sharp peak observed at 

2079 cm-I is due to the v(CN) stretching of the thiocyanate ligand, 

which coordinated through the N atom and exists as a terminal ligand. 

The v(CS) band is seen at 765 cm-I and the bending vibration of the 

NCS group is at 466 cm-I. 
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Fig. 6.18. IR spectrum of compound 33. 
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Syntheses, structural and spectral investigations of 
cadmium(II) complexes of Schiff bases with 

azide and thiocyanate 
""""'.'--""""""'''''.'-'''.''''',"'., •• "., •• " •.•. " •. '''>'''' .I.,." 

7.1 Introduction 

Cadmium is an extremely toxic element that is naturally present 

in the environment and also as a result of human activities. Analysis of 

biosystems with cadmium ion becomes a problem of particular 

importance in view of the established toxic influence of this metal, 

associated with Hg and Pb to the group of the most toxic environmental 

pollutants [1-4]. Recently, an increase in the concentration of this 

metal in living organisms has been observed [5]. Its toxicity derives 

from the fact that it is rapidly localized intracellularly, mainly in the 

liver, and then bound to metallothionein forming a complex that is 

slowly transferred to the bloodstream to be deposited in the kidneys. 

This leads to urinary loss of filterable proteins, calcium and other small 

molecules, which may produce proteinuria and bone decalcification 

[3,4,6]. This metal competes with Zn and blocks the active sites of 

metal-enzymes and as a relatively soft acid it can dislodge Zn(lI) in 

cysteine-coordinated zinc compounds or Ca(II) ions in bone cells [7]. 

The development of chelating agents is essential for the treatment of 

cadmium intoxication. In vivo cadmium mobilization and an 

assessment of cadmium chelating drugs have drawn the interest of 
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many biochemists [8]. For these purposes many kinds of organic 

compounds (ligands) have been used by many researchers [9,10]. Such 

an activity is directly attributed to the formation of stable chelates with 

transition metals that catalyze the corresponding physiological 

processes [11]. There are several reports of the transition metal 

complexes including some cadmium complexes containing different 

types of Schiff base Jigands in the literature. Though cadmium has 

been known as a toxic metal and is often associated with mercury and 

lead as one of the biologically harmful metal ions, the cadmium(II) ion 

has recently been found to serve as the catalytic center in a newly 

discovered carbonic anhydrase [12]. Cadmium complexes of 

pseudohalogens exhibit interesting NLO, optoe1ectronic properties and 

luminescence and are hence useful in the design of new molecule based 

materials. 

Cadmium thiocyanate adducts of organic ligands are an important 

class of compounds for the design and preparation of functional 

coordination frameworks [13). Thiocyanate complexes of cadmium of 

various dimensionalities have been obtained [14-16]. A major obstacle 

to a more comprehensive study of such thiocyanate-based polymeric 

coordination complexes is the lack of a rational synthetic procedure 

since, given the present knowledge, it is hardly possible to determine 

which coordination mode will be adopted by the thiocyanate ligand, and 

whether the sought-after alternating chain structure will finally be 

formed [17,18). A number of cadmium(II) thiocyanate complex adducts 

of monodentate organic ligands, such as methyl-substituted pyridines 
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[19,20], dibenzylamine [21], dimethyl sulfoxide [22], 4-chloropyridine 

[23], IH-l,2,4-triazole [24], imidazole [25,26J and 4-aminopyridine [27] 

have been reported. All of these adducts exhibit chain structures where 

each pair of adjacent Cd(JI) centers are bridged by thiocyanate ligands 

and the remaining coordination sites are occupied by monodentate 

organic ligands. Few thiocyanate bridged cadmium(II) complexes 

consist of a two-dimensional network [28,29]. Polymeric thiocyanate 

Cd(U) complexes with bidentate and tridentate ligands have also been 

reported [26,30,31]. Mononuclear complexes [32] and binuclear 

complexes [33] of Cd(II)-thiocyanate adducts have also been prcpared 

and characterized. The interest in the study of Cd(II)-thiocyanate 

complexes ofpicolinamide lies not only with exploring the coordination 

abilities of picolinamide, but also in getting some infonnation possibly 

useful in understanding the role of the thiocyanate ion in biologically 

important processes recently discovered [34,35]. 

Though the investigations of the Cd(II)-azido complexes were not 

as extensively done as the thiocyanate analogues, there are some 

reports worth mentioning. Polymeric complexes with ID chain structure 

have been reported with 3-(2-pyridyl)pyrazole based ligand [32] and 

other bidentate ligands [36]. Yue et al. reported the synthesis and 

characterization of cadmium(II)-azido polymeric complexes with 

bidentate diazine Schiff bases having 2D and 3D net topologies [37]. 

Dimeric complexes of Cd(II) with azide have also been 

investigated [38-40]. 
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7.2 Stereochemistry 

Cd(lI) ion with d lo electronic configuration pennits a wide range 

of symmetries and coordination numbers. Since the iO configuration 

affords no crystal field stabilization, the stereochemistry of a particular 

compound depends on the size and polarizing power of the M(II) cation 

and the steric requirement of the ligands. Therefore they display a 

variety of coordination numbers and geometries based on the interplay 

of electrostatic forces, covalence and the size factor. Cd(II) usually 

forms four coordinate and six coordinate complexes though Cd(II) six 

coordinate complexes are found to be more stable than those of Zn(U) 

because of its larger size. 

7.3 Experimental 

7.3.1 Materials 

Pyridine-2-carbaldehyde (Sigma Aldrich), quinoline-2-

carbaldehyde (Sigma Aldrich), 2-hydroxy-4-methoxybenzaldehyde 

(Sigma Aldrich), aniline (S. D. Fine), R-I-phenylethyl amine (Alfa Aeser), 

2-aminopyrimidine (Sigma Aldrich), Cd(OAck2H20 (Qualigens), NaN3 

(Reidel-De Haen), KCNS (BDH) and methanol (Merck) were used as 

received. 

7.3.2 Preparation of cadmium(II) complexes 

CdZ(paa)2(N3)4 (34): A mixture of pyridine-2-carbaldehyde (0.107 g, 

1 nunol) in methanol and aniline (0.093 g, 1 mmol) in methanol were 

refluxed for 2 hours to obtain a yellow solution of the Schiff base. To 

the solution thus obtained, Cd(OAch·2H20 (0.266 g, 1 mmol) 
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dissolved in methanol and an aqueous solution of NaN3 (0.130 g, 

2 mmol) was added with stirring. The resulting yellow colored solution 

was stirred for half an hour and the pale yellow product obtained was 

filtered, washed with methanol followed by ether and dried over P40 lO 

in vacuo. Elemental Anal. Found (Ca1cd.) (%): C, 38.49 (38.06); H, 

2.71 (2.66); N, 30.10 (29.59). 

Cd(papea)2(NCSh (35): Pyridine-2-carbaldehydc (0.107 g, 1 mmol) 

and R-I-phenylethyl amine (0.121 g, 1 mmol) was refluxed in methanol 

for 2 hours. To this, a methanolic solution ofCd(OAc)2'2H20 (0.266 g, 

1 mmol) was added followed by an aqueous solution of KCNS (0.194 

g, 2 mmol) and refluxed for 4 hours. Colorless block shaped single 

crystals suitable for X-ray diffraction were isolated within one week. 

Filtered, washed with methanol followed by ether and dried over P 4010 

in vacuo. Elemental Anal. Found (Ca1cd.) (%): C, 55.90 (55.51); 

H, 4.10 (4.35); N, 12.44 (12.95). 

[Cd(paap)(NCS)2]'2CH30H'H20 (36): A mixture of pyridine-2-

carbaldehyde (0.107 g, 1 mmol) in methanol and 2-aminopyrimidine 

(0.094 g, 1 mmol) in methanol was refluxed for 2 hours. Cd(OAck2H20 

(0.266 g, 1 mmol) dissolved in water was added to the above solution 

followed by an aqueous solution of KCNS (0.194 g, 2 mmol) and 

refluxed for 4 hours. The yellow product separated out was filtered, 

washed with methanol followed by ether and dried over P 4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 33.78 (33.98); H, 3.20 (3.67); 

N, 17.01 (16.98). 
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Cd(qaa)(N3)2 (37): Quinoline-2-carbaldehyde (0.157 g, 1 mmol) was 

dissolved in methanol. Aniline (0.093 g, 1 mmol) was added to this. A 

few drops of glacial acetic acid was also added and refluxed for 

4 hours. To the deep yellow solution thus obtained, Cd(OAc)2'2H20 

(0.266 g, 1 mmol) dissolved in methanol and an aqueous solution of 

NaN) (0.130 g, 2 mmol) was added slowly in drops. The mixture was 

stirred for 3 hours. The yellow product obtained was filtered, washed 

with methanol, water and ether and dried over P 4010 in vacuo. 

Elemental Anal. Found (Calcd.) (%): C, 44.33 (44.82); H, 2.90 (2.82); 

N, 25.83 (26.14). 

Cd2( qaah(NCS)4 (38): Quinoline-2-carbaldehyde (0.157 g, 1 mmol) 

was dissolved in methanol. Aniline (0.093 g, 1 mmol) was added to 

this. A few drops of glacial acetic acid was also added and refluxed for 

4 hours. To the deep yellow solution thus obtained, Cd(OAch'2H20 

(0.266 g, 1 mmol) dissolved in methanol and an aqueous solution of 

KCNS (0.194 g, 2 mmol) was added and the mixture was refluxed for 4 

hours. The solution was then left overnight for slow evaporation to 

obtain a bright yellow solid. The product was filtered, washed with 

methanol and ether and dried over P 4010 in vacuo. Elemental Anal. 

Found (Calcd.) (%): C, 46.78 (46.91); H, 2.68 (2.62); N, 12.08 (12.16). 

(Cd2(hmba)2(N3)2] "2CH30H (39): 2-Hydroxy-4-methoxybenzaldehyde 

(0.152 g, 1 mmol) was dissolved in methanol. To this, aniline (0.093 g, 

1 mmol) was added. The mixture was refluxed for 2 hours. To the above 

solution, Cd(OAc)2'2H20 (0.266 g, 1 mmol) dissolved in methanol was 

added. To this an aqueous solution of NaN3 (0.130 g, 2 mmol) was then 
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added slowly. The resulting solution was stirred for 15 minutes and was 

kept for the evaporation of the solvent. The yellow product obtained within 

a week was filtered, washed with methanol, water and ether and dried over 

P4010 in vacuo. Elemental Anal. Found (Calcd.) (%): C, 43.04 (43.65); 

H, 4.08 (3.91); N, 13.1 0 (13.57). 

[Cd(Hhmba)2(NCS)2]'2H20 (40): 2-Hydroxy-4-methoxybenzaldehyde 

(0.152 g, I mmol) was dissolved in methanol. To this, aniline (0.093 g, 

1 mmol) was added. The mixture was refluxed for 2 hours. 

Cd(OAck2H20 (0.266 g, 1 mmol) dissolved in methanol and an aqueous 

solution of KCNS (0.194 g, 2 mmol) was added to the above solution. The 

resulting mixture was refluxed for 6 hours, filtered and kept for the 

evaporation of the solvent. Bright yellow product separated out within two 

weeks was filtered, washed with methanol and ether and dried over P 4010 in 

vacuo. Elemental Anal. Found (Ca1cd.) (%): C, 49.73 (50.11); H, 4.48 

(4.20); N, 8.40 (7.79). 

Caution! Cadmium and its compounds are extremely toxic. Although 

not encountered in our experiments, azide complexes are potentially 

explosive, especially in the presence of organic ligands. Only a small 

amount of the material should be prepared, and it should be handled 

with care. 

7.4 Results and discussion 

The condensation of aldehyde/ketone and amine in 1: 1 molar 

ratio yielded the Schiff base ligands, which were used without further 

purification for the synthesis of the complexes by reaction in presence 
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of pseudohalides NaN3/KCNS. The complexes 34, 36, 37 and 38 are 

found to have the stoichiometry M(L )(Xh, where L is the Schiff base 

and X is the pseudohalogen. However, complexes 35 and 40 had the 

general formulation M(L)2(X)2 and complex 39 can be represented as 

M(L)(X), even though the syntheses of these complexes were done in 

the molar ratio I: 1 :2. The Schiff bases paa, papea, paap and qaa are 

neutral bidentate N, N donor systems. The Schiff base Hhmba is a 

monoprotic N, 0 donor system, which undergoes deprotonation and 

coordinates through the deprotonated 0 atom and the azomethine N in 

complex 39. However, in complex 40, it seems that the ligand is not 

undergoing deprotonation. 

The complexes prepared were basically yellow in colour, only the 

intensities of the color varied in each complex. All the complexes were 

found to be soluble in CH3CN, DMF and DMSO, but only partially soluble 

in other organic solvents such as CHCh, ethanol, methanol etc. All the 

complexes are diamagnetic as expected for a completely filled dlO system. 

We could isolate the single crystals of only one Cd(II) complex. All our 

attempts to get the single crystals of the other complexes went in vain. 

7.4.1 Crystallographic data collection and structure analysis 

Single crystal X-ray diffraction measurements of complexes 25 were 

carried out on a Bruker Smart Apex 2 CCD area detector diffractometer 

and Bruker Smart Apex CCD diffractometer at the X-ray Crystallography 

Unit, School of Physics, Universiti Sains Malaysia, Penang, Malaysia. 

The unit cell parameters were determined and the data collections were 

performed using a graphite-monochromated Mo Ka (A = 0.71073 A) 
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radiation at a detector distance of 5 cm at 100(1) K with the Oxford 

Cyrosystem Cobra low-temperature attachment. The collected data were 

reduced using SAINT program [41] and the empirical absorption 

corrections were perfOlmed using SADABS program [41]. The structures 

were solved by direct methods and refinement was carried out by 

full-matrix least squares on F2 using the SHELXTL software package [42]. 

All non-hydrogen atoms were refined anisotropically. Hydrogen atoms 

were geometrically fixed at calculated positions and allowed to ride on 

their parent atoms. Molecular graphics employed were ORTEP-III [43] 

and DIAMOND [44]. 

7.4.2 Crystal Structure 

Cd(papeah(NCS)z (35): The complex crystallizes into an orthorhombic 

crystal system with the chiral space group P2\2\2 j • The structural 

refinement parameters are given in Table 7.1 and the molecular structure 

of the complex is depicted in Fig. 7.1. The jmportant bond lengths and 

bond angles are given in Table 7.2. The ligand retains its configuration in 

the complex as well. In this complex also the carbon atoms C7 and C21 

have the R configuration. 

Cd(lI) centre is six coordinated to four nitrogen atoms from two 

Schiff base ligands and two N donor thiocyanate anions. The 

coordination geometry around the Cd(II) centre could be best described 

as a distorted octahedron with 6N coordination. The Schiff base ligand 

adopts typical N, N bidentate chelating coordination to fonn a five

membered Cd-N-C-C-N chelating ring. The thiocyanate anions adopt 

aN-bonded tenninal coordination mode. The coordination around 
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Cd(II) is satisfied by pairs of trans pyridyl N (NI and N3), cis 

azomethine N (N2 and N4) and cis thiocyanate N (NS and N6). 

Table 7.1. Crystal data and structure refmement 

Parameters 
Empirical formula 
Formula weight 
Temperature (T) K 
Col or 
Nature 
Wavelength (Mo Ka) (A) 
Crystal system 
Space group 
Unit cell dimensions 

Volume V (A\ z 
Calculated density (P) (Mg m,3) 
Absorption coefficient J.l (tnm,l) 

F(OOO) 
Crystal size (mm3

) 

e range for data collection 
Index ranges 

Reflections collected 1 unique 

Completeness to 2e = 42.70 
Absorption correction 
Maximum and minimum transmission 
Refinement method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [1>20(1)] 
R indices (all data) 
Largest diff. peak and hole 
Absolute structure parameter 
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Cd(papeah(NCS)z 

C30H2sCdN6S2 
649.10 
100.0(1) K 
Blue 
Blocks 
0.71073 A 
Orthorhombic 
nlnlnl (No: 19) 
a = 13.5517(2) A 
b = 14.0513(2) A 
c = 15.2805(2) A 
a= p= 1=90.00' 
2909.70(7),4 
1.482 
0.924 
1320 
O.52x0.44xO.27 
2.09 - 42.70' 

-24~lr:;25, -26~26, -29~ I ~8 
108229/20479 [R(int) = 0.0411] 
99.5% 

SADABS 
0.7891,0.6470 
Full-matrix least-squares on F2 
20479/0/354 
1.019 
RI = 0.0331, wR2 = 0.0568 
RI = 0.0422, wR2 = 0.0591 
0.769 and -0.389 
-0.013(7) 



!. 
C12 "':13_ 
/~C8 , 

Fig. 7.1. Molecular structure of Cd(papea),(NCS), (35). 

The Cd-N--<:: bond angles due to the two NCS- anions 

(C29-N5--<::dl and C3O-N6--Cdl) are significantly bent at 141.32(10) 

and 160.22(10)" respectively. The thiocyanate groups are linear with 

the N-C-S bond angles of 178.13(12) and 179.18(12)". Also,the C-N 

bond lengths [1.1678(16)" and 1.1644(15)'] and the C-S bond lengths 

[1.6243(12)" and 1.6313(12)'] in the thiocyanate anions show the 

nonnal structure of the thiocyanate [45J. All the Cd-N bond lengths 

[from 2.2723(11) to 2.4319(8) AJ and the bond angles around Cd(lI) 

[from 70.28(3) 162.88(3),] are in the nonna! range expected for similar 

Cd-NCS complexes with thiocyanate ligand in the tenninal 

coordination mode [32,46-48J. 
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Table 7.2. Selected bond lengths (A) and bond angles n for 
Cd(papea)2(NCSh 

Bond lengths 
Cd1-Nl 2.3551(9) 
Cd1-N2 2.4319(8) 
Cd1-N3 2.3415(10) 
Cd1-N4 2.3971(9) 
Cdl-N5 2.2723(11) 
Cdl-N6 2.2921(11) 
N5-C29 1.1678(16) 
N6-C30 1.1644(15) 
Sl-C29 1.6243(12) 
S2-C30 1.6313(12) 
Bond angles 
N1-Cd1-N2 70.28(3) 
N3-Cdl-N1 162.88(3) 
N1-Cdl-N4 104.50(3) 
N5-Cdl-Nl 97.75(4) 
N6-Cdl-N1 89.06(4) 
N3-Cd1-N2 92.81(3) 
N4-Cd1-N2 87.19(3) 
N5-Cd1-N2 101.92(4) 
N6-Cd1-N2 157.72(4) 
N3-Cd1-N4 70.98(3) 
N5-Cd1-N3 88.11(4) 
N6-Cd1-N3 107.21(4) 
N5-Cd1-N4 157.70(4) 
N6-Cd1-N4 90.14(4) 
N5-Cd1-N6 88.72(4) 
C29-N5-Cd1 141.32(10) 
C3D-N6-Cd1 160.22(10) 
N5-C29-S1 178.13(12) 
N6-C3D-S2 179.18(12) 

The packing diagram of the compound viewed along the 'a' axis 

is as shown in Fig. 7.2. There are no classical hydrogen bonds in the 

crystal structure of the complex. The packing of the molecules in the 

230 



_______ ------------CaJmiull/(JJ) wmpfr.{l!s 

crystal lattice is reinforced by weak hydrogen bonding interactions 

(Table 7.3) and C-H"·]I;' interactions (Table 7.4). The orientation of the 

molecules in the crystal lattice is such that H···]I;' stacking interactions 

(Table 7.5) between the metal-chelate ring and phenyl and pyridyl rings 

stabilize the crystal structure. 

Table 7.3. Hydrogen bonding interactions 

D-H·"A D-H (A) H···A (A) D···A (A) D-H···A (A) 

CI6-H(16A)···N5a 0.9294 2.5019 3 .2798{ 17) 141.39 

D=donor, A=acceptor; Equivalent position code: a =-x, I/2+y, 3/2-z 

Table 7.4. C-H···n interactions ofCd(papeah(NCS)2 

C-H(I)···Cg(J) C···Cg (A) C-H···Cgn C···Cg(A) 

C2-H(2A)[1 ]-··Cg(5t 3.1004 117.40 3.6239(15) 

C7-H(7 A)[1 ]-··Cg(2)b 2.9555 113.20 3.4608(11) 

C15-H(l5A)[1]-"Cg(5)b 3.0741 92.53 3.2507(12) 

C23-H(23A)[ 1 Y 'Cg(3)b 3.1364 111.74 3.5869(12) 
Equivalent position code: a = 1I2-x,-y,-1I2+z; b = x, y, z 

Cg(2) = Cd!, N3, CI9, C20, N4; Cg(3) = NI, Cl, C2, C3, C4, C5; Cg(5) = C8, C9, 
CIO, CII, C12, Cl3 

Table 7.5. 7t ••• 7t interactions of Cd(papea)2(NCS)2 

Cg(l)Res(I)···Cg(J) Cg···Cg (A) aO po ,t 
Cg(I)[1l"Cg(6t 3.7974(6) 13.34 21.84 29.22 

Cg(4)[I]-··Cg(5t 3.9040(7) 15.27 38.30 24.24 

Cg(4)[I]···Cg(6)b 3.6082(7) 3.56 19.98 16.46 

Cg(5)[I]···Cg(4t 3.9040(7) 15.27 24.24 38.30 

Cg(6)[2]···Cg(lt 3.7974(6) 13.34 29.22 21.84 

Cg(6)[2]···Cg(4t 3.6083(7) 3.56 16.46 19.98 

Equivalent position code: a = x, y, z; b= -112 +x, 1I2-y,l-z ;c=1I2+x,1I2-y,l-z 

Cg(l) = Cdl, NI, CS, C6, N2; Cg(4) = N3, CIS, C16, C17, C18, CI9; Cg(5) = C8, 
C9, CIO, CII, C12, C13; Cg(6) = C22, C23, C24, C25, C26, C27 
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Fig. 7.2. Molecular packing diagram of Cd(papea)z(NCS), (35). 

7.4.3 Spectral characteristics ofCd(I1) complexes 

7.4.3a IH NMR spectra 

For complex 34 (Fig. 7.3), the most downfield signal appears as a 

singlet at 8.80 ppm and can be assigned to the single proton on the 

azomethine group [49]. The proton alpha to the pyridyl N suffer.; a 

downfield shift and occurs as a doublet at 8.75 ppm due to coupling with 

the proton on the neighboring C atom. The pyridyl proton present at the 

para position, by virtue of its position with respect to the pyridyl N is 

obtained at 8.12 ppm as a quartet through spin·spin coupling with two 

protons on adjacent carbon atoms. The remianing pyridyl protons 
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resonate at 7.73 and 7.46 ppm as triplet and doublet respectively. In 

short, all the four pyridyl ring protons resonate as slightly different fields. 

The protons of the phenyl ring are obtained as multiplet at 7.35 ppm. 

Jl 
i i i i i i i i i i i i i 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm 

Fig. 7.3. lH NMR spectrum of compound 34. 

The lH NMR spectrum of compound 36 (Fig. 7.4) shows a broad 

signal at 11.10 ppm due to the -OH group of the lattice water. Another 

broad peak at 10.66 ppm is due to the resonance of the proton of the 

-OH group of methanol present in the crystal lattice. The broadness of 

these two signals indicates the existence of hydrogen bonds through 

water and methanol. The presence of methanol in the lattice sites is 

also indicated by the singlet appearing at 1.99 ppm assigned as the 

signal due to the methyl protons of methanol. A broad signal observed 

at 9.43 ppm corresponds to the proton on the azomethine moiety. The 

protons of the pyridyl ring resonate at 7.27-8.08 ppm and those of the 

pyrimidine ring resonate at 8.21-8.79 ppm in the complex. 
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15 14 13 12 5 4 3 2 1 ppm 

Fig. 7.4. IH NMR spectrum of compound 36. 

In the NMR spectrum of complex 37 (Fig. 7.5), the signal due to 

the azomethine function occurs as a singlet at 8.79 ppm. The protons 

of the phenyl ring resonate at 7.33-7.70 ppm and those of the quinoline 

ring resonate at 8.08-8.53 ppm in the complex as multiplets. 

__________________ -N~~~M. ___________ ~~ 

, , i , , , i " i i i 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm 

Fig. 7.5. IH NMR spectrum of compound 37. 
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The thiocyanate complex 38 (Fig. 7.6), with the same ligand qaa 

as that of 37 has a spectrum very similar to the latter. The signal due to 

the single proton on the azomethine group occurs as a singlet at 8.79 ppm. 

Multiplets seen at 7.84-8.51 correspond to the protons of the quinoline 

ring and the mUltiplets at 7.32-7.69 are due to the protons of the phenyl 

ring in the complex. 

I.L- ,--,, __ _ 

i "i i , j i 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm 

Fig. 7.6. IH NMR spectrum of compound 38. 

In complex 39 (Fig. 7.7), the singlet appearing at 9.72 ppm 

corresponding to the single proton of the azomethine moiety, H-C~N 

in the complex shows an upfield shift of 0.87 ppm in the complex and 

occurs at 8.85 ppm. The upfield shift may be attributed to the transfer 

of electrons from the completely filled d orbitals of the metal to the 

empty antibonding molecular orbitals of N atom of the azomethine 

group. The protons of the aromatic rings are obtained in the region 
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6.50-7.40 ppm. The methoxy protons appear as a singlet at 3.79 ppm. 

The presence of methanol is also indicated by the singlet appearing at 

1.81 ppm from the protons of the methyl group. 

1 1 kl--_ t.. 1 
i i i i i i i i i 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm 

Fig. 7.7. 1 H NMR spectrum of compound 39. 

Complex 40 (Fig. 7.8) has a most downfield singlet at 13.36 ppm 

corresponding to the resonance of the proton of the -OH group of the 

ligand. This is an evidence for the coordination of the ligand in the neutral 

form, i.e. without deprotonation. The singlet appearing at 8.85 ppm is due 

to the resonance of the solitary proton of the azomethine group. This 

signal has shown an up field shift due to the metal to N charge transfer 

from the value of 9.72 ppm in the ligand. The aromatic protons 

resonate at 6.48-7.52 ppm region and signal corresponding to the 

protons of the methoxy group appear in the spectrum at 3.79 ppm as a 

singlet. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm 

Fig. 7.8. IH NMR spectrum of compound 40. 

7.4.3b Electronic spectra 

For cadmiwn(II) systems no d-d transitions are expected since they 

have a completely filled dlO configuration. Table 7.6 lists the various 

intraligand and charge transfer transitions in the cadmium complexes. 

Table 7.6. Electronic spectral data (nm) ofCd(II) complexes 

Complex 1C ~ 1C* D-1C* CT 

Cd(paa)(N3)2 (34) 290 310 410 

Cd(papea)2(NCS)2 (35) 291 315 390 

Cd(paap)(NCS)2'2CH30H'H20 (36) 290 315 400 

Cd( qaa)(N3)2 (37) 300 320 370 

Cd( qaa)(NCS)2 (38) 300 325 367,440,468 

Hhmba 291 334 

[Cd2(hmba)2(N3)2]"2CH30H (39) 295 335 355,410 

Cd(Hhmba)z(NCS)2'2H20 (40) 295 335 356,410 
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The yellow color of the complexes arises due to charge transfer 

transitions. Complex 35 is colorless because of the fact that the charge 

transfer transition in this thiocyanato complex is very weak in intensity 

that it is almost undetectable. Fig. 7.9 shows the electronic spectrum of 

compound 34. 
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Fig. 7.9. Electronic spectrum of compound 34. 

7.3.2c IR spectral studies 

Infrared spectroscopy is a very useful tool in determining the 

coordination of various atoms and groups. It becomes particularly 

important in the case of complexes containing pseudohalogens like 

azide and thiocyanate, for which strong absorptions are observed in the 

2100-2000 cm·1 region and remain isolated and without any 

perturbance from the complicated finger print region of the spectrum. 
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The IR spectrum of compound 34 (Fig. 7.10) has a band of 

medium intensity at 1591 cm -I, which is assigned as the v(C=N) 

stretching mode of the azomethine function of the Schiff base. The 

band at 1437 cm-I is attributed to pyridyl ring stretching and the band at 

1013 cm- I is due to pyridyl ring breathing. The in-plane ring 

deformation of the pyridyl ring and the pyridyl ring out-of-plane 

bending are observed at 654 and 542 cm- I as weak bands. 

r\~r !~~ 
, 

20 

O+-~~~~~-~~~~~~~-~~ 

4000 3500 3000 2500 2000 1500 1000 500 

-1 Wavenumbers (cm) 

Fig. 7.10. IR spectrum of compound 34. 

The asymmetric stretching of the azide vas(N3) is obtained as a 

strong doublet at 2059 and 2030 cm-I. This indicates the existence of 

azide ligand in bridged coordination mode. The Vs(N3) stretching mode 

of the azide group is observed at 1332 cm- I as a band of medium 

intensity. The vs(N3) vibration mode in inactive in end-to-end bridges 

which possess high symmetry, so the azide bridge may be an end-on 
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bridge. The defonnation mode of the azido ligand is observed as a 

weak band at 690 cm -I. 

The v(C=N) stretching mode of the Schiff base occurs as a 

medium band at 1594 cm-! in complex 35 and indicates the 

coordination of azomethine N to the cadmium(II). The coordination of 

the pyridyl N is confinned by the presence of pyridyl ring stretch at 

1439 cm-I, pyridyl ring breathing at 1016 cm· l
, pyridyl in-plane ring 

defonnation at 639 cm-! and pyridyl out-of-plane ling deformation at 

410 cm·!. The asymmetric stretching mode of the thiocyanate group 

vas(C=N) is observed as doublets at 2071 and 2050 cm-I. This indicates 

the coordination of the thiocyanate anions and the presence of doublet 

implies that there are two non-equivalent thiocyanate groups and hence 

mutual cis coordination of the thiocyanate groups in the octahedral 

complex. If it were a trans isomer only a single peak would have been 

obtained for the above stretching mode. The position of bands 

«2100 cm-!) is an evidence for coordination via N atom and also the 

tenninal nature of the thiocyanate groups. All these are confinned by 

the crystal structure analysis of complex 35. Doublets near 788 and 

767 cm· 1 is due to the thiocyanate vs(CS) stretching vibration. This 

band is also indicative ofN coordination. A single sharp peak at 497 cm-I 

is that of 8(NCS) bending mode. 

In the thiocyanate complex 36 (Fig. 7.11), the medium intensity 

peak at 1557 cm-! is assigned to the absorption of the azomethine 

function and indicates its coordination. The pyridyl ring and 

pyrimidine ring vibrations are observed in the usual ranges. A strong 
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broad peak at 2065 cm-I is due to the v(CN) stretching of the 

thiocyanate group. The position of the peak and its singlet structure 

points out to the presence of N-bonded tenninal thiocyanate group in 

the complex. The v(CS) of the NCS ligand at 753 cm-I and the bending 

vibration of the NCS group is at 457 cm-I also indicates coordination 

through N atom of the tenninal NCS ligand. The spectrum has a broad 

band ca. 3300 cm-1 due to the v(O-H) stretching. 
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Fig. 7.11_ IR spectrum of compound 36_ 

Complex 37 has the absorption of the azomethine function of the 

ligand as a medium band at 1592 cm-I, which supports the coordination 

of imine N. The pyridyI ring vibrations are observed in the usual 

ranges. The Vas(N3) stretching vibrations due to the coordinated azido 

ligand occurs as a strong band at 2059 cm-I. The vs(N3) peak is 
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observed at 1333 cm- l and the bending mode of the azido ligand is 

observed at 689 cm-I. 

In the thiocyanate complex 38 (Fig. 7.12), the medium intensity 

peak at 1589 cm-1 is assigned to the absorption of the azomethine 

function and indicates its coordination. The pyridyl vibrations are 

observed in the usual ranges. The asymmetric stretching of the 

thiocyanate ligand v(CN) occurs at 2112 and 2095 cm-I. The position 

of the peaks and its doublet structure strongly suggest the existence of 

bridging and tenninal thiocyanate group in the complex. The v(CS) of 

the NCS ligand occurs as a weak doublet at 770 and 745 cm-I and the 

bending vibration of the NCS group around 460 cm-I occurs as several 

peaks of low intensity, which also support the presence of bridging 

thiocyanate ligand in the complex. 
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The v(C=N) stretching vibration of the azomethine function is 

observed as a band of medium intensity at 1624 cm-I in the ligand. This 

band shifts by about 30 cm-I and is seen as a mediwn intensity band at 1585 

cm-I in the spectrum of the complex 39. This is a very good evidence for 

the coordination of the azomethine N. The bands assignable to the Vas(N3) 

stretching of the azido ligand is visible as a very strong band ca. 2066 cm-I 

and a band of medium intensity at 2032 cm-I. This suggests the presence of 

different coordination modes of the azide group. The medium band at 

1358 cm-I is assigned to the symmetric stretching vs(N3) of the azide. The 

bending vibration ofthe azide is seen at 690 cm-I as a weak band. 

The IR spectnun of complex 40 lacks the band due to the stretching 

vibrations of the o-H group indicative of the deprotonation of the ligand 

and coordination through the 0 atom. The band due to the azomethine 

group is observed at 1616 cm-I in the complex. The asymmetric v(CN) 

stretching of the thiocyanate ligand is observed as a complex pattern of 

many strong bands at 2124, 2104 and 2088 cm-I, suggesting the existence of 

different kinds of thiocyanate groups and their different coordination modes. 

The high frequencies observed indicate the presence of bridging NCS. 

Many peaks appear in the region 826-753 cm-I due to v(CS) and the bending 

vibration of the NCS group occurs as many weak bands near 490 cm-I. 
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Metallo-organic chemistry, incorporating the frontiers of both 

inorganic and organic chemical aspects, is a topic of utility concern. 

The first exploration of coordinated metal complexes dates back to the 

nineteenth century, during the days of Alfred Wemer. Thereafter, the 

inorganic chemistry witnessed a great outflow of coordination 

compounds, with unique structural characteristics and diverse 

applications. The diversity in structures exhibited by the coordination 

complexes of multidentate ligands have led to their usage as sensors, 

models for enzyme mimetic centers, medicines etc. The ligands chosen 

are of prime importance in determining the properties of coordination 

compounds. The presence of more electronegative nitrogen, oxygen 

and suI fur atoms attached to the ligands increases their denticity 

thereby enhancing the coordinating possibilities of ligands. Moreover, 

the presence of these atoms in the coordination sphere leads to their 

biological activity. 

Schiff base ligands are able to coordinate metals through imine 

nitrogen and another group, usually linked to the aldehydelketone. 

Well-designed Schiff base ligands are considered 'privileged ligands' 

because they are easily prepared by the condensation between 

aldehydes and amines. Synthetic catalysts which are enantioselective 

over a wide range of different reactions were defined as 'privileged' by 
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Jacobsen. Schiff base ligands are able to coordinate many different 

metals, and to stabilize them in various oxidation states, enabling the 

use of Schiff base metal complexes for a large variety of useful 

catalytic transformations. Metal complexes of Schiff bases are useful 

in the catalysis of many reactions like carbonylation, hydroformyiation, 

reduction, oxidation, epoxidation and hydrolysis etc. 

Antimicrobial and antifungal activities of various Schiff bases have 

also been reported. Many Schiff bases are known to be medicinally 

important and are used to design medicinal compounds. It has been 

shown that Schiffbase complexes derived from 4-hydroxysalicylaldehyde 

and amines have strong anticancer activity, e.g. against Ehrlich Ascites 

Carcinoma (EAC). 

The pseudohalogens azide and thiocyanate have been 

demonstrated to be versatile bridging ligands. They are excellent 

candidates for the design of molecule based magnetic materials. In 

addition, the azide and thiocyanate anions are observed to inhibit 

several enzymes like ATPases, cytochrome C oxidase, human carboxy 

peptidase etc. This makes the study of the metal complexes of these 

anions very useful for the understanding of biological processes. The 

use of these anions in conjugation with the Schiff bases for the 

synthesis of metal complexes can bring about interesting results. 

Chapter 1 depicts a brief introduction on Schiff bases, the 

pseudohalogens azide and thiocyanate and their transition metal 

complexes. The survey of the previous research works in the field of 
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Schiff bases and their complexes with azide and thiocyanate, their 

properties and applications is also included. The chapter also contains 

the objectives of the present study and the details of the different 

analytical and spectroscopic techniques used for the analysis of the 

metal complexes. 

Chapter 2 deals with syntheses of seven Schiff base ligands. The 

ligands synthesized are: 

1. Pyridine-2-carbaldehyde-aniline (paa) 

2. Pyridine-2-carbaldehyde-I-phenylethylamine (papea) 

3. Pyridine-2-carbaldehyde-2-aminopyrimidine (paap) 

4. 2-Benzoylpyridine-aniline (bzpa) 

5. Di-2-pyridyl ketone-aniline (dpka) 

6. Quinoline-2-carbaldehyde-aniline( qaa) 

7. 2-Hydroxy- 4-methoxybenzaldehyde-aniline (Hhmba) 

The ligands paa, papea, bzpa and qaa are neutral bidentate ligands 

with N, N donor atoms. The ligands paap and dpka are also neutral 

ligands, but they have additional N donors, which mayor may not be 

coordinated. If all the N atoms of the ligands coordinate to the same 

metal centre, paap and dpka becomes quadridentate and terdentate 

respectively. The involvement of the additional N atoms in 

coordination to the same metal is less probable because of its spatial 

disposition and the distance from the metal centre. All the above 

mentioned ligands were obtained as yellow oils and could not be 

isolated in the solid form even after repeated trials. The ligand Hhmba 
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could be isolated in the solid form and is a monoprotic bidentate N, 0 

ligand, which usually coordinates to the metal through deprotonation. 

This ligand was characterized by I H NMR, IR and electronic spectral 

studies. 

Chapter 3 contains the discussion of the thirteen Cu(lI) complexes 

synthesized and characterized by various spectroscopic techniques such 

as IR, electronic spectral studies and EPR. The magnetic susceptibility 

measurements reveal some of the complexes to be diamagnetic and 

many to have low magnetic moments at room temperature. The 

diamagnetic nature and the low magnetic moments are probably due to 

an effective antiferromagnetic exchange coupling occurring through the 

bridging ligands which gives rise to a net spin-pairing effect. In the 

electronic spectral studies, the broadness of the d-d transitions 

restricted the assignment of the three d-d transitions. IR spectral 

studies revealed the coordination of the azomethine N to the Cu(II) 

centre in the complexes. IR spectroscopy could be used as a very 

valuable tool to get information regarding the coordination mode of the 

pseudohalogens. The EPR spectra of all the Cu(II) complexes were 

recorded both in polycrystalline state at 298 K and in DMF at 77 K. 

The g values and the various EPR spectral parameters are calculated. 

The g values calculated indicate that in most of the complexes the 

unpaired electron in Cu(U) resides in the d/-/ orbital. Some of the 

complexes were found to be EPR silent in the polycrystalline state, 

while some others in the powder state displayed very weak Cu2
+ 

signals. We could isolate X-ray quality single crystals for one copper 
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complex and it was found to be a one-dimensional polymer with Cu(II) 

in an tetragonally elongated octahedral geometry. In the above 

complex, the ligand papea is found to have undergone metal assisted 

oxidation and cleavage to give deprotonated pyridine-2-carboxamide, 

which coordinated to the metal. 

Chapter 4 deals with the synthesis and characterization of four Mn(IJ) 

complexes. The compounds were characterized by IR, UV -Vis and 

EPR studies. It was possible to isolate single crystals for two 

complexes of manganese and in both Mn(II) is in a distorted octahedral 

geometry. The EPR spectrum of most of the complexes in the 

polycrystalline state were very broad and it is a characteristic feature of 

Mn(I1) complexes in the polycrystalline state, which arises due to 

dipolar interactions and enhanced spin lattice relaxation. In the 

polycrystalline state, two Mn(II) complexes showed two g-tensors, 

while the remaining two gave three g values. This revealed less zero 

field splitting (ZFS) effects in former complexes while appreciable ZFS 

in the latter. The spectra in DMF revealed hyperfine splitting 

consisting of six lines. In addition to the hyperfine pattern, a pair of 

low intensity lines is found in between each of the two main hyperfine 

lines. These are the forbidden lines corresponding to ~mI f- 0, 

transitions which arise as a result of the mixing of the nuclear hyperfine 

levels by the zero-field splitting factor. 

Chapter 5 describes the synthesis and characterization of six nickel 

complexes. All the compounds were characterized by various spectral 

studies. Magnetic susceptibility measurements revealed three of the 
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nickel complexes to be diamagnetic and hence square planar_ We 

could successfully isolate the single crystals of one nickel complex and 

the X-ray diffraction studies revealed Ni(II) to be in a distorted 

octahedral environment in the complex. 

Chapter 6 deals with synthesis and characterization of ten cobalt(II1I1I) 

compounds. Magnetic susceptibility investigations indicate four 

complexes to be having cobalt in the +3 oxidation and the remaining to 

be in the +2 oxidation. Single crystals of two complexes were isolated. 

The studies reveal one to be having Co(II) and other to be Co(lII). The 

geometry of cobalt in both the compounds is found to be distorted 

octahedron. The Co (Ill) complex had two independent molecules in 

the asymmetric unit. 

Chapter 7 describes the synthesis and characterization of seven Cd(II) 

compounds using various spectral studies like IR and electronic spectra 

and IH NMR. The single crystal of one cadmium complex could be 

isolated. Single crystal X-ray diffraction studies of the compound 

revealed Cd(II) centres in a distorted octahedral geometry. 

Based on the present work, we would like to conclude that the 

transition metal complexes of Schiff bases and pseudohalides like azide or 

thiocyanate are promising materials for applications in science and 

teclmology. Also, depending up on the metal and the Schiff base used, 

pseudohalides azide and thiocyanate are found to exhibit different 

coordination modes in the complexes. 
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