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PREFACE

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

Department of Applied Chemistry during 1994-' 97. The primary aim of these

investigations was to probe the spectroscopic, electrochemical and biological

studies of some selected transition metal complexes of 4N-monosubstituted

thiosemicarbazones.

The chemistry of thiosemicarbazone complexes has received considerable

attention recently, mainly due to their interesting physico-chemical properties,

significant biological activities and analytical applications. The present study

is confined to the spectroscopic, electrochemical and biological studies of

copper(II), nickeltll), cobalt(II), and iron(III) complexes of 4N-monosubstituted

thiosemicarbazones.

Chapter I gives a brief survey about metal complexes of thiosemicarbazones,

including their structural and bonding characterization, biological and

analytical applications of transition metal complexes of thiosemicarbazones.

Chapter II contains the synthesis of thiosemicarbazones and details regarding

various characterization techniques. Chapter III to IV deal with the synthesis

and characterization of copper(II), nickel(II), cobalt(ll) and iron(lll) ternary

complexes of 4N-monosubstituted thiosemicarbazones respectively.

Electrochemical studies of copper(ll) complexes and biological studies of

copper(II) and nickel(II) complexes are also explored. Chapter VII includes

the conductometric studies of manganese(ll) complexes of acetone and

butanone thiosemicarbazones in water at 283, 293, 303 and 313 K.
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METAL COMPLEXES OF THIOSEMICARBAZONES

-- A BRIEF SURVEY

1.1 INTRODUCTION

Metal complexes of thiosemicarbazones have been extensively studied and have

been the subject of several reviews [1-4]. Thiosemicarbazones have been shown to

exhibit wide range of biological activity which is thought to be related to their

ability to chelate trace metals. In some instances transition metal complexes of

thiosemicarbazones have been found to possess enhanced or modified activity in

comparison to the uncomplexed ligands [4].

Thiosemicarbazones are obtained by condensation of thiosemicarbazides with

suitable aldehydes or ketones. In solution thiosemicarbazones probably exist in an

equilibrium mixture ofthiol and thione tautomers.

1 2 4

R,~C=N'Jt-C(S)N~ R,~C=N-~C(SH)N~

1.2 BONDING AND STEREOCHEMISTRY

The stereochemistries adopted by thiosemicarbazone ligands while interacting

with transition metal ions, depend essentially upon the presence of an additional

coordination centre in the ligand moiety and the charge on the ligand, which in turn

is influenced by the thione~ thiol equilibrium. It has been shown [5] that the

arrangement of the non-hydrogen atoms in the thiosemicarbazide molecule is nearly

planar and the sulfur atom and hydrazinic 2NH2 group are trans with respect to

the C-N bond. When forming complexes in this configuration bonding occurs via

the sulfur atoms as a monodentate ligand. Gerbeleu et al. [6] have shown that

coordination occurs through the hydrazido and imide nitrogens if the sulfur centre

is substituted. However in most complexes [7], thiosemicarbazones coordinate as



bidentate ligands via the azomethine nitrogen and thione/thiol sulfur when an

additional coordinating functionality is present in the proximity of the donating

centres (e.g. 2-heterocyclic thiosemicarbazones) the ligands bond in a tridentate

manner. This can be accomplished by either the neutral molecule [8] or by the

monobasic anion upon loss of a hydrogen from 2N [9]. There are instances

reported, however, where the heterocyclic atom and the azomethine nitrogen are

involved in bidentate coordination [10] and the sulfur atom is considered not to be

coordinated, weakly coordinated to the same metal centre [11].

Besides the dentacity variation, consideration of the charge distribution is

complicated in thiosemicarbazones due to the existence of thione and thiol

tautomers. Although the thione form predominates in the solid state, solutions of

thiosemicarbazone molecules show a mixture of both tautomers. As a result,

depending upon the preparative conditions (particularly solvent and pH), the metal

complexes can be cationic, neutral or anionic. Furthermore, it is possible to isolate

complexes containing two inequivalent ligands--one protonated and one

deprotonated--within the same metal complex [12, 13]. Ablov et al. [14]

suggested that formation of these mixed "tautomer" complexes is promoted by

trivalent central metal ions like Cr(III), Fe(III) and Co(III). It has been reported

that 2,6-diacetylpyridine bis(thiosemicarbazone) [15] and 4N-substituted 2,6

diacetylpyridine bis(thiosemicarbazones) [16] coordinate to the metal as

pentadentate SNNNS donors and the complexes exhibit antitumour activity.

Thiosemicarbazone ligands coordinate the metal centres as dianionic tetradentate

SNON [17] and NNSS [18] have also been reported.

The E and Z isomers of 2-formylpyridine thiosemicarbazone [19] and other

heterocyclic thiosemicarbazones [20] have been separated and characterized. The

differentiation of stereochemistry between isomers was based upon the degree of

deshielding observed for the 2N proton of the Z-isomer. It has been reported that

the E-isomer is the stable form of 2-acetylpyridine 4N-methylthiosemicarbazone

and, was not isomerised upon reflux over silica gel [21]. In contrast it has been

2



found [22] that when the 4N atom of the thiosemicarbazone is incorporated in a

ring, a mixture of three isomers exists. The third is the bifurcated E-hydrogen

bonded ring isomer.

Z isomer E isomer E isomer

Figure 1.1 Isomers of IH-hexahydroazepine-I-thiocarboxylic acid-2- [1- (2

pyridinyl)cthylidcne]hydrazide in CDCl3

Recent reports on spectroscopic and X-ray crystallographic study of 2

heterocyclic thiosemicarbazones [23 - 40] suggest that stereochemistries adopted

by these complexes often depend upon the anion of the metal salt used and the

nature of the 4N-substituents.

Base adducts of copper(II) complexes of chelating agents formed by

condensation of salicylaldehydes with S-alkyl esters of dithiocarbazoic acid [41],

and thiosemicarbazones [42,43] have been reported. Base adducts of copper(II)

and nickel(II) complexes of ONS ligands prepared from aldehyde/ketone

and ,,~'-aryl/alkyldithiocarbazates have also been reported [44, 45]. Recently

transition metal ternary complexes of glyoxalic acid thiosemicarbazone and I, 10

phenanthroline have been appeared in the literature [46], and an octahedral

geometry is suggested for the complexes.

3



Thiosemicarbazones have been widely used as analytical reagents in the

spectrophotometric determination of metals [47--50]. However, conductance

studies of metal complexes of thiosemicarbazones have not been extensively

studied [51, 52].

HSAB considerations dictate that the oxidation state of a metal affects the

degree of its "softness" character, and this is found to be stronger for transition

metals in low oxidation states. Thus the low spin d8 ions Pd(II), Pt(II) and Au(III)

and d10 ions Cu(I), Ag(I), Au(I) and Hg(II) exhibit higher stability constants with

this class of sulfur ligands because of the formation of strong a-bonds as well as

dn-dn bonds by donation of a pair of electrons to ligands.

Of late preparation and X-ray crystal structure of the trimeric Cu(II) [53] and

Ni(II) [54] complexes have been reported. In trimeric Cu(II) complex, the

complex molecule contains a linear CU3 array in which the central copper atom at

the crystallographic inversion centre has an octahedral environment and the other

two Cu atoms are square pyramidal, each bridged to the central Cu atom via the

ligand group. In trimeric Ni(II) complex aggregation was shown to proceed via

Ni-O-Ni and Ni-S-Ni bridging, giving rise to both fourfold planar and pseudo

octahedral coordination of the nickel ions.

1.3 BIOLOGICAL ACTIVITY OF THIOSEMICARBAZONES AND THEIR

COMPLEXES

The chemistry of thiosemicarbazone complexes has received considerable

attention recently, mainly due to their significant biological activities.

Thiosemicarbazones usually react as chelating ligands with transition metal ions by

bonding through the Sand hydrazinic N atom. The group >N-C=S is of

considerable chemotherapeutic interest and is responsible for the pharmacological

activity. It has been indicated that the microbial activity of these compounds is due

4



to their ability to chelate traces of metal ions. These findings have led increased

interest in the chemistry of transition metal chelates of thiosemicarbazones.

Recently an excellent review about the structural and biological studies of

thiosernicarbazone complexes of copper(II) have been appeared [55]. 2

Acetylpyridine 4N-(2-acetoxyethoxymethyl)thiosemicarbazone was shown [56] to

have, among a fairly large number of thiosemicarbazones, the highest inhibitory

activity against the growth of the following microorganisms: Staphylococcus

aureus, Escherichia coli, Pseudomonas aeruginosa, Candida albicans and

Aspergillus sp. Isatine-Bvthiosemicarbazones and methylisatin-p

thiosemicarbazones prevent the multiplication of small pox virus and the latter have

also been used in the therapeutics of small pox [57]. Biological screening against a

number of organisms has been carried out on many of these compounds and their

uncoordinated thiosemicarbazones. There is a definite pattern in the biological.

activity and the size of the substituents attached to the thiosemicarbazone moiety

among particular classes of thiosemicarbazones. Further, these complexes having

thiol, rather than thione sulfur coordination, appear to be more active. Physico

chemical studies showed that lower gll values, higher v(d-d) band maxima and

lower reduction potentials of their Cu(II) complexes are seemed to be related to

increased biological activity.

1.4 OBJECTIVE AND SCOPE OF THE PRESENT WORK

Thiosemicarbazones have emerged as an important class of sulfur ligands [2,3]

particularly. for transition metal ions in the last two decades. The real impetus

towards developing the coordination chemistry of these thiosemicarbazones has

been provided by remarkable biological activities [4, 43, 55-57] observed for these

compounds which has since been shown to be related to their metal complexing

ability. The recent literature shows that this general class of compounds exhibits a

wide range of stereochemistries on complexation with metal ions.
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Thiosemicarbazones possessing antimalarial activity was first reported by

Klayman et al. [58]. The influence on biological action have been studied by

modifying the structure of 2-acetylpyridine thiosemicarbazone. (a) Exchange of

sulfur atom of the thiocarbonyl group by oxygen, results in elimination of activity.

(b) The point of attachment of the ethylidene moiety to the pyridine must be the 2

position and that attachment at the 3- and 4-positions eliminates activity. (c) The

pyridine ring when replaced by phenyl, results in loss of activity.

In the light of these considerations it has been decided to prepare transition

metal ternary complexes of salicylaldehyde 4N-monosubstituted thiosemicarbazones

with heterocyclic bases. Nearly forty complexes have been isolated and

characterized by various physico-chemical methods. The complexes which

included in this thesis are those of the transition metals Cu(II), Ni(II), Co(II) and

Fe(III). Biological studies of Cu(II) and Ni(II) complexes have also been carried

out. The last chapter gives a report about the conductometric study of

bis(thiosemicarbazone)comploexes of manganese(II).
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CHAPTER 11



SYNTHESIS, CHARACTERIZATION OF LIGANDS AND

EXPERIl\IENTAL TECHNIQUES

Details about the preparation of ligands and various analytical and physical

methods employed in the characterization of metal complexes are presented in this

chapter. Procedural details regarding the synthesis of metal complexes are given in

appropriate chapters.

2.1 SYNTHESIS OF LIGANDS

Thefollowing ligands are used for the synthesis of complexes.

1. Salicylaldehyde 4N-phenylthiosemicarbazone (H2L
1
)

i.e. [N - phenyl - 2 - [1 - (2 - hydroxybenzylidene] hydrazinecarbothioamide

2. Salicylaldehyde 4N-cyclohexylthiosemicarbazone (H2L
2

)

i.e. [N - cyclohexyl - 2 - [1 - (2 - hydroxybenzylidene] hydrazinecarbothioamide

The two salicylaldehyde thiosemicarbazones have been synthesised by the

following general method.

Aryl or alkyl isothiocyanate (100 nunol) was dissolved in 40 mL of ethanol and

hydrazine hydrate (100 mmol) in 20 mL of ethanol was added slowly with constant

stirring to the above solution. After the completion of the addition of hydrazine

hydrate, the resulting solution was kept in stirred condition for 0.5 h. A white

product formed was collected and washed subsequently with water and little

ethanol and dried over P40 10 ill vacuo. The 4N-m.onosubstituted

thiosemicarbazides thus obtained were condensed with salicylaldehyde to get

salicylaldehyde 4N-monosubstituted thiosemicarbazones.



~N-monosubstituted thiosemicarbazide (2 mmol) was dissolved in 25 mL of hot

ethanol. To this hot solution, salicylaldehyde in ethanol (20 mL) was added with

constant stirring, and the resulting solution was retluxed for 0.5 h. The pale yellow

crystals separated were filtered, washed with 400/0 ethanol, recrystallised from

ethanol and dried over P40 10 ill vacuo.

H2NNH C(S) NHR + C6Ht(OH) CHO -------.) C6Ht(OH)-CH=N.NHC(S)NHR

4a32OH
I

5 c-, 7 1 28 4

1 CH = NNt-C(S)NHR
6

a: = NN= C(SH)NH

Keto (thione) form Enol (thiol) form

Figure 2.1 Tautomers of Salicylaldehyde thiosemicarbazone

2.2 CHARACTERIZATION OF LIGANDS

Salicylaldehyde 4N-phenylthiosemicarbazone (H2L1)

mp 1780 C

CHN : Found(Calcd.)% : C 61.87(61.97); H 4.70(4.82)~ N 15.35(15.49)

IR : v(OH) 3150s; V(2NH ) 3000rn; V(7C=lN) 1622s; V(2C-O) 1259s;

v(C=S) 1333s & 792m; v(IN_2N) 1000m

IH N"MR: IH NMR spectrum is recorded in CDCI] - DMSO-d6 mixture.



Signals at 11.36, 9.54 and 8.37 ppm are assigned to -OH, -2N11 and _7CI-I== lN

protons respectively. H2L
1 does not show any peak attributable to S-l-I proton,

indicating that it exist in the thioketo form. Absence of -2NH proton signal

suggests enolisation of -2NH-C=S group to -2N=C-SH. The low field position of

=NH (7.26 pprn) could be attributable to the deshielding caused by the phenyl

group and the adjacent -N=C< of the system -N=C(SH)==NI-I-C(,I-Is. Aromatic

protons appear as multiplet at 6.84 -- 7.60 ppm range.

i' I
11.0

i 'I
10.0

i
9.0

i I I' i
8.0 7.0

I
6.0

PP"

i
5.0

Figure 2.2 IH NMR spectrum of H2L
1
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Pc NMR : "c NMR spectrum is recorded in CDC13 - DMSO-d6 mixture

~

180
I

170
i

160
I

150
I

140
i

130
I

120
I

110
PP"

116·23 a-t
1310OSOG56.S2I S 119·20 129·27

1180 33 ~ 124·72 II
CH==N - NH-C-NH-<38'22) 125'23

127·96 144·57 175.54 _

Figure 2.3 13C NMR assignments for H2L
1

10



Salicylaldehyde 4N-cyclohexylthiosemicarbazone (H 2L
2

)

mp 1840 C

C~IN :Found(Calcd.)%:C60.14(60.62)~ H6.73(6.90); N 15.31(15.15)

IR : v(OH)3140s~ v(2NH) 32501u; V(7C=IN) 1620s~ V(2C-O) 1269s~

v(C=S) 1335s & 860nl~ v(IN_2N) 1016sh

II-{ Ni\lR: 'n NMR spectrum is recorded in CDCI] - DMSO-d() mixture

i
10.0

i
9.0

i
e.O

i
7.0

i
6.0

i
5.0

PP"

i
4.0

I
'.0 2.0 1.0

Figure 2.4 'H NMR spectrum ofH2L
2

Signals at 10.19, 9.55, 8.11 and 6.59 ppm correspond to -OH, -2NH, -C11=

and -4NI-1 protons respectively. The signal corresponds to S-~I proton is absent.
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Aromatic protons appear as multiplet at 7.25 -- 7.35 ppm range. Aliphatic protons

appear at 1.18 -- 2.17 ppm range.

"c NMR : 1JC NMR spectrum is recorded in CDC13 - DMSO-d6 mixture.

l
1~0 1~0 t~O

i i
160 t 50

,
90 "0

,
70

i
60

,
so

r
40

,
30

132.35

117.25

116.85

OG
1~

I 120.33
c-,
131.75 CH==N N-i C(S) NH

147.07 175.26

Figure2.5 13C NMR assignments for H2L
2
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2.3 ANALYTICAL METHODS

Estimation of carbon, hydrogen and nitrogen

Microanalysis for carbon, hydrogen and nitrogen were done on a Perkin-Elmer

Elemental Analyser at the RSIC, Panjab University, Chandigarh, India.

Estimation of metals

In all the cases the organic part of the metal complexes was completely

eliminated by decomposition of the complexes in con. RN03, before the estimation

of metals. Usual gravimetric procedures were used for the estimation of nickel,

cobalt and iron. Copper was estimated by iodometric method.

2.4 PHYSICO-CHEMICAL METHODS

Magnetic susceptibility measurements

The magnetic susceptibility measurements were carried out at the USIC,

University of Roorkee, Roorkee, India, in the polycrystalline state at room

temperature on a Par model 155 Vibrating sample magnetometer at 5000 Oersted

field strength. High purity nickel metal (saturation moment 55 emu/g) was used as

a standard. Diamagnetic corrections were made by Pascal's constants.

Conductance measurements

Molar conductance of the complexes were measured in DMF (10.3 M solution)

using a digital direct reading conductivity meter CM-I80 Elico, Hyderabad. A

calibrated dip type conductivity cell with platinised platinum electrodes (cell

13



constant 0.999 ern") was used. The measurements were made at room

temperature ±O.O 10 c.

Electronic spectra

Electronic spectra were recorded in DMF and Nujol mull on a Shimadzu model

UV-Visible 160A spectrophotometer in the 200 - 1100 nm range.

Infrared spectra

IR spectra were recorded on a JASCO FT-IR-5300 spectrometer in the 4000 

400 cm" range using KBr discs. Far IR spectra were recorded on a Broker IFS

66V FT-IR spectrometer using polyethylene pellets over the 500 - 50 ern" range

at the RSIC, liT, Chennai, India.

NMR spectra

IH and l3C~ spectra were recorded in CDCl3 - DMSO-d6 mixture on a

Broker AC- 300F~ spectrometer (300 WIz) at the RSIC, Panjab University,

Chandigarh, India.

EPR spectra

EPR spectra were recorded on a JEOL-FE 3X (X-band) spectrometer using

diphenylpicrylhydrazide, (DPPH) (g = 2.0036) as calibrant at the University of

Hyderabad, Hyderabad, India.

Mossbauer spectra

Mossbauer spectra were recorded on a Constant Velocity Mossbauer

Spectrometer with a multichannel analyzer CMCA - 1000A supplied by Mls.

14



Wiessel Germany s7Co(Rh) with 10 mci activity was used as the source, at the

University of Madras, Gundy Campus, Chennai, India.

Cyclic voltammetry

Cyclic voltammetric studies were carried out on a Cypress System model CS 

1090/ model CS - 1087 computer controlled electroanalytical system. The three

electrode system consisted ofglassy carbon (working), platinum wire (counter) and

Ag/AgCI (reference) electrodes at the University of Hyderabad, Hyderabad India.
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CHAPTER III



SPECTRAL CHARACTERIZATION, CYCLIC

VOLTAl\'IMETRIC AND BIOLOGICAL STUDIES OF

COPPER(II) COMPLEXES

3.1 INTRODUCTION

Investigations in coordination chemistry of copper(II) continue to be of interest

in developing models for copper proteins and in understanding factors, which give

rise to seemingly infinite variety of distortions from regular stereochemistry

observed in copper(II) complexes [59, 60]. Generally Cu(II) forms octahedral

complexes with the weakening of two axial bonds or square planar complexes.

There is another possibility of five-coordinated environment around the Cu(II)

complexes giving square pyramidal or trigonal bipyramidal structures in which one

ligand is weaker at the axial position. Electron spin resonance spectroscopy is one

of the most suitable techniques for studying the changes in molecular structure of

paramagnetic complexes in solution.

Recently there has been considerable interest in the study of Cu(II) complexes

of thiosemicarbazones, mainly due to their interesting physico-chemical properties

[26,31,34,36, 53,61,62] and significant biological activities [27, 28, 33, 37,43].

The synthesis, spectral characterization, cyclic voltammetric and biological studies

of four- and five-coordinate mixed ligand complexes of Cu(II) with salicylaldehyde

4N-monosubstituted thiosemicarbazones and heterocyclic bases are included in this

chapter.

16



3.2 EXPERIMENTAL

3.2.1 Materials

Details regarding the preparation and characterization of the ligands are given in

Chapter 11.

3.2.2 Synthesis of complexes

The mixed ligand complexes, CuL1B and CuL2B (where L 1 and L2 are the

dianion of salicylaldehyde 4N-phenyl- and 4N-cyclohexyl-thiosemicarbazones

respectively. B is pyridine, piperidine, P/y-picoline, 1,10-phenanthroline

or 2,2' -dipyridyl) have been prepared by mixing 2 mmol of the appropriate

heterocyclic base in MeOH to a hot solution of thiosemicarbazone (2 mmol) In

MeOH (25 mL). To this was added a hot and filtered solution of

CU(OAC)2· H20 (0.544 g, 2 mmol) in MeOH (30 mL) with constant stirring. The

mixture was heated under reflux for 5-8 h and the volume is reduced to half The

complexes, which separated overnight as microcrystalline powders, were

throughly washed with hot water, hot methanol, then ether and dried over

P40 10 in vacuo.

3.2.3 Analytical methods

Details regarding the analytical methods and other characterization techniques

are given in Chapter 11.

3.3 RESULTS AND DISCUSSION

The colours, elemental analyses, stoichiometries of H2L
1
, H2L

2 and its

complexes are presented in Tables 3.1 and 3.2 respectively. Both
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thiosemicarbazones are pale yellow, while complexes prepared from py, pip, P/y

pie are brown in colour. However the complexes prepared from phen and dipy are

dark green in both series. Analytical data reveal the presence of one copper atom,

one molecule of dianionic thiosemicarbazone and one molecule of heterocyclic

base. The complexes are insoluble in most of the common polar and non-polar

solvents. They are, however, soluble in Dill in which conductivity

measurements were made, showing all complexes to be non-conductors [51].

3.3.1 Magnetic susceptibilities

The room temperature magnetic susceptibility of the complexes In the

polycrystalline state fall in the 1.80 - 2.00 B.M. range, which are very close to the

spin-only value of 1.73 B.M. for d9
. There is no magnetic evidence for any copper

copper interaction.

3.3.2 Vibrational spectra

The significant IR bands of H2L
1
, H2L

2 and its copper(II) complexes are

presented in Tables 3.3 and 3.4 respectively along with their tentative

assignments. The absence of any band in the 2600 -- 2800 ern" region of the IR

spectra of thiosemicarbazones suggests the presence of only thioketo form in the

solid state [63]. On coordination of the azomethine nitrogen, V[7C=lN] shifts to

lower wavenumbers by 20 - 40 ern" [64], the band shifting from ca. 1620 cm" in

the uncomplexed thiosemicarbazones' spectra to ea. 1595 ern" in the spectra of the

complexes. Coordination of azomethine nitrogen is confirmed by the presence of a

new band at 400 - 470 ern", assignable to v(CuN) for these complexes [26, 31,

34, 36]. The increase in v(NN) in the spectra of complexes is due to the increase

in double bond character off-setting the loss of electron density via donation of the

metal ana is a confirmation of the coordination of the ligand through the

azomethine nitrogen atom. The spectral band V(2 NH) of thiosemicarbazones

disappears in the complexes indicating the deprotonation of the -2NH proton

20
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and coordination via the thiolate sulfur is indicated by a decrease in the frequency

(40 - 60 ern" ) of the thioamide band which is partly v(C=S) and found at 1333

and 792 for H2L
1 and at 1335 and 860 ern" for H2L2 [65]. A shift to lower

wavenumbers of these bands occur on complexation. The presence of a new band

in the 330 - 380 ern" range assignable to v(CuS)' is another indication of the

involvement of sulfur coordination. In H2L I and H2L
2 the v(OH) band of

salicylaldehyde appears at 3150 and 3135 cm" respectively. The phenolic oxygen

on loss of the OH proton occupies the third coordination site, causing v(CO) to

shift to lower wavenumbers by 50 - 80 ern" from its position at 1259 and 1269

ern" in the spectra of H2L1 and H2L
2 respectively. A new band in the 385 - 420

ern" range in the spectra of the complexes is assignable to v(CuO). The fourth

(and fifth) coordination site is occupied by the N-atom(s) of the heterocyclic base

and we have assigned bands for v(CuN) due to heterocyclic base in the 240 - 335

ern" range in the spectra of all the complexes. The IR spectra of the complexes

display bands characteristic of coordinated heterocyclic bases [66 - 68].

3.3.3 Electronic spectra

The significant electronic absorption bands in the spectra of the complexes,

recorded in Dl\1F and Nuj01 mull are presented in Tables 3.5 and 3.6.

The thiosemicarbazones and copper(II) complexes have a ring 1t ~ 1t. band

at ca. 40,000 cm -I and an n~ 1t. band at ca. 32,000 cm", and little change in

the energy of these bands occur on complexation. A second n ~ 1t. band,

located below 30,000 ern" in the spectra ofuncomplexed thiosemicarbazones, is

found at ca. 30,000 ern" in the spectra of copper(II) complexes. Two

ligand-to-metal charge transfer bands are found at ea. 26,000 and 21,000 

25,000 ern" range. In accordance with studies of previous copper(II)

thiosemicarbazone complexes [69], the higher energy band is assignable to S ~

CUD transitions. The band in the 21,000 - 25,000 cm-1 range is assignable to

phenoxy 0 ~ CUD transitions [70]. The d--d bands of copper(II) complexes, for

23
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which a square planar structure has been proposed, occur in the 16,000 

20,000 cm -I range [71, 72]. The solid state electronic spectra of CULlS and

CuL2S (S = phen, dipy) show d-d bands at ca. 12,800 and 18,400 ern" The

spectra have no similarity to those shown by either square planar or octahedral

copper(II) complexes of S-N ligands, but are similar to 'those shown by five

coordinate copper(II) complexes [73].

3.3.4 EPR spectra

The EPR parameters of copper(II) complexes obtained for the polycrystalline

state (300 K) and inD~ (113 K) are presented in Tables 3.7 and 3.8.

The solid state EPR spectra also provide information about the coordination

environment around Cu(II) in these complexes.

The spectra of some of the complexes recorded in the polycrystalline

state at room temperature show typical axial spectra (Figure 3. 1) while others

show one broad signal (Figure 3.2), which is attributable to the dipolar

broadening and enhanced spin-lattice relaxation [62] of the coordinating ligand.

The four-coordinate complexes in frozen D~ show well resolved four copper

hyperfine lines, characteristic of monomeric copper(II) complexes and nine

superhyperfine lines (lines overlapped in some cases) (Figure 3.3) due to

azomethine nitrogen and nitrogen atom of the coordinated heterocyclic base.

Since superhyperfine coupling by a second nitrogen (nitrogen of the

heterocyclic base) is observed, the coordinated heterocyclic base appears to be

coplanar [74] with the ONS bichelate rings. So a square planar structure is

assigned for CuL IS and CuL2B (B = py, pip, and ply-pie) complexes.

The EPR spectra of five-coordinate Cu(II) complexes in frozen DMF show

that the expected superhyperfine splitting of three nitrogen atoms (one

azomethine nitrogen and two nitrogens from phen or dipy) are not observed
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(Figure 3.4). The fact that gu is greater than g, suggests a distorted square

pyramidal structure and rules out the possibility of a trigonal bipyramidal

structure which would be expected to have gJ. > gu Thus the coordination

polyhedron comprises one phenanthroline/dipyridyl nitrogen, the azomethine

nitrogen, the thiolate sulfur, the phenolate oxygen of the thiosemicarbazone (which

form the base of the pyramid) and the remaining phenanthroline/dipyridyl

nitrogen (which occupies the axial position) as shown below.

b) Cul.iphen

Figure 3.5
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The EPR parameters gu, g.. gay, An (Cu) and AJ. (Cu) and the energies of

d-d transition were used to evaluate the bonding parameters a2, p2 and i, which

may be regarded as measures of the covalency of the in-plane o bonds, in-plane Tt

bonds, and out-of-plane 1t bonds respectively.

The gu values are nearly the same for all the complexes indicating that the

bonding is dominated by the thiosemicarbazone moiety rather than the

heterocyclic bases. The fact that the gu values are less than 2.3, is an indication of

significant covalent bonding in these complexes [75, 76].

In all the complexes go> gl. > 2.00 and G = (go - 2)/(gl. - 2) values are < 4.4, are

in consistent with a dx
2

_y
2 ground state having a small exchange coupling [77],

The value of in-plane sigma bonding parameter a 2 was estimated from the

expression [75],

a 2 = A/0.036 + (go -- 2.0023) + 3/7 (gl. -- 2.0023) + 0.04

The following simplified expressions were used to calculate the bonding

parameters [78],

where K; = a2p1, and KJ. = a1i , K« and KJ. are orbital reduction factors and A.o

represents the one electron spin orbit coupling constant which equals -828 ern".

Hathaway [79] has pointed out that, for pure (j bonding, K, ~ K1 ~ 0.77, and for

in-plane 1t bonding, K, < KJ. ~ while for out-of-plane 1t bonding, K1 < K« In all the
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complexes it is observed that K« < K1 which indicates the presence of

significant in-plane 1t bonding. Furthermore a?-, p2 and i have values much less

than 1.0, which is expected for 100% ionic character of the bonds, and become

smaller with increasing covalent bonding. Therefore, the evaluated values of a?',

~~ and i of the complexes are consistent with both strong in-plane o and in

plane 1t bonding.

The Fermi contact hyperfine interaction term K may be obtained from

expression [80],

K = Aiso / pp2 + (gav - 2.0023) / p2

where P is the free ion dipolar term and its value is 0.036. K is a dimentionless

quantity, which is a measure of the contribution of s electrons to the hyperfine

interaction and is generally found to have a value of 0.30. The K values obtained

for all the complexes are in good agreement with those estimated by Assour

[81]; Abragam and Pryce [82].

3.3.5 Cyclic voltammetry

The electrochemical properties of metal complexes particularly with sulfur

donor atoms have been studied in order to monitor spectral and structural

changes accompanying electron transfer [83]. Cyclic voltammetric measurements

were carried out in the case of pyridine, 1,10-phenanthroline and dipyridyl

copper(II) complexes. Measurements were made on the degased (N2 bubbling

for 15 min.) solutions in DMF (10.3 M) containing 0.1 M tetrabutylammonium

perchlorate (TBAP) as the supporting electrolyte. The three electrode system

consisted of glassy carbon (working), platinum wire (counter) and Ag/Agf'!

(reference) electrodes.

The number of electrons (n) involved in the reaction has been experimentally

found to be one. Examination of the experimental data shows that the reduction
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of copper(II) is quasireversible except for CuL'phen, which is irreversible. In this

type of electron transfer process., the current is controlled by a mixture of

diffusion and charge transfer kinetics and can be identified by the following

criteria [84], Mp (= Ea - Ec) is greater than 59 mV and increases with increasing

v. la/le is equal to unity only for a = 0.5 (a is the charge transfer-coefficient).

The quasireversibility associated with the reduction based on the the EO value,

probably arises from the relaxation process involved in a stereochemical

change from copper(II) to copper(I) [85]. The copper(II) to copper(I) redox

processes are influenced by the coordination number, stereochemistry and the

hard/soft character of the ligands' donor atoms. However due to inherent

difficulties in relating coordination number and stereochemistry of the species

present in solution, redox processes are generally described in terms of the nature

of the ligands present [86]. Patterson and Holm [87] have shown that softer

ligands tend to produce more positive EO values, while hard acids give rise to

negative EO values. The observed EO values for the five thiosemicarbazone

complexes indicate considerable "hard acid" character which is likely to be due

to azomethine nitrogen donor and nitrogen atom(s) of the heterocyclic bases

involved in coordination. The results of our cyclic voltammetric studies of the

Cu(II) complexes are summarised in Tables 3.9 and 3.10 and representative

cyclic voltammograms (C.V.) for the behaviour of Cul.idipy and Cul.ipy are

shown in the Figure 3.6.

The results of this spectral, magnetic and EPR study of the Cu(II) complexes

suggest that the thiosemicarbazones act as tridentate O-N-S ligands, and the fourth

(and fifth) coordination site is occupied by the nitrogen atom(s) of the

heterocyclic base. The legends provide a substantially covalent environment

with important in-plane o and 7t bonding contributions.
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3.3.6 Biological activities

Biological activity In terms of their inhibitory property on specific known

bacterial and fungal cultures were performed as follows.

Cultures

Bacterial and fungal cultures used for the present study were obtained from the

Environmental Microbiology Laboratory of School of Environmental studies,

Cochin University of Science and Technology. The bacterial cultures were

maintained in nutrient agar slants and fungi in Sabouraud Dextrose Agar slants of

the following composition.

Nutrient Agar

Peptone : 0.5g

Buf extract : 0.5g

Agar : 2.0g

Distilled water : 100 mL

pH :7.5±0.2

Sabouraud Dextrose Agar

Peptone

Dextrose

Agar

Distilled water

pH

: Ig

: 2g

: 2g

: 100 mL

: 7 ±O.2
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Antibacterial and antifungal properties

Antibacterial and antifungal property of Salicylaldehyde 4N_

phenylthiosemicarbazone and its copper(II) complexes were determined by the

standard 'disc diffusion': method. Here the bacteria and fungi were grown in

nutrient and sabouraud dextrose agar slants and harvested the viable bacterial cells

and fungal spore into phosphate buffered saline and swabbed on to nutrient agar

and sabouraud dextrose agar plates respectively. The compounds to be tested

were dissolved in DMF to a final concentration of 0.1% and soaked in filter paper

discs of 5 rrim diameter and 1 mm thickness. These filter papers were found to

hold a quantity 0.01 mL solution. These discs were placed on the already seeded

plates and incubated at 28 ± 0.4 0 C for 48 to 72 h. A clearing zone around the disc

indicated the inhibitory activity of the compound on the organism.

The results of antibacterial and antifungal studies were given in Table 3.11. Out

of twelve cultures tested, CuL'phen exhibits wide spectrum of activity, it is active

against nine cultures and next is Cul.idipy, active against eight cultures. In

general the 4N-phenylthiosemicarbazone is found to be less active than its base

adducts of Cu(II) complexes. Salicylaldehyde 4N-phenylthiosemicarbazone is

found to be more active against bacteria and fungi than 4N_

cyclohexylthiosemicarbazone (section 4.3.5 Table 4.9) and indicate the presence of

aromatic ring at 4Nposition increases the activity. In the case of Cu(II) complexes

it appears that, increase in coordination number from four to five Increases

microbial activity, this may be due to increase of lipid solubility as has been

reported earlier [88].
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SPECTRAL AND BIOLOGICAL STUDIES OF

NICKEL(II) COMPLEXES

4.1 INTRODUCTION

Nickel(II) complexes are widely investigated by vanous physico-chemical

techniques such as magnetic susceptibility measurements, IH and 13C NMR,

electronic and mass spectra. Usually Ni(II) complexes exhibit six coordinate

octahedral, four coordinate tetrahedral or square planar geometries. Five

coordinate geometry is rather unusual in Ni(II) complexes and when encountered

exists as a result of particular circumstances in the complex rather than of any

intrinsic tendency on the part of Ni(II) ion to attain the structure. Nickel(II)

complexes derived from the thiosemicarbazones of aromatic ortho-hydroxy

aldehydes, in particular salicylaldehyde have recently attracted considerable

attention as homogeneous catalysts [89,90]. This chapter describes the synthesis,

spectral characterization and biological activity of four- and five-coordinate mixed

ligand complexes of Ni(Il) with salicylaldehyde 4N-monosubstituted

thiosemicarbazones and heterocyclic bases.

4.2 EXPERIMENTAL

4.2.1 Materials

Details regarding the preparation and characterization of the ligands are given in

Chapter 11.
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4.2.2 Synthesis of complexes

The mixed ligand complexes, NiL 18 and NiL28 (where L1 and L2 are the

dianion of salicylaldehyde 4N-phenyl- and 4N-cyclohexyl-thiosemicarbazones

respectively, B = py, pip, P/y-pic, irnz, phen, or dipy) were prepared by mixing 2

mmol of the appropriate heterocyclic base in ethanol to a hot solution of

thiosemicarbazone (2 mmol) in ethanol (20 mL). To this was added a hot solution

of Ni(OAc)2 · 4H20 (0.498 g, 2 mmol) in ethanol (25 mL) with constant stirring.

The mixture was heated under reflux for 8-12 h and the volume is reduced to half.

The complexes separated overnight as microcrystalline powders, were

thoroughly washed with hot water, hot ethanol, then ether and dried over P4010 in

vacuo. Yield ~ 65%.

Binuclear Ni(II) complex of H2L
2, (NiL2)2 was prepared by mixing

Ni(OAc)2·4H20 (0.498 g, 2 mmol) in ethanol to a hot solution of

cyclohexylthiosemicarbazone (0.544 g, 2 mmol) in ethanol, heated under reflux for

8 h. and the volume is reduced to half The complex separated was collected,

thoroughly washed with hot water, hot ethanol, then ether and dried over P40 10 in

vacuo. Yield ~ 70%.

4.2.3 Analytical methods

Details regarding the analytical methods and other characterization techniques are

given in Chapter 11.

4.3 RESULTS AND DISCUSSION

The colours, elemental analyses and stoichiometries of H2L
1
, H2L

2 and its

complexes are presented in Tables 4.1 and 4.2 respectively. These reveal the

presence of one nickel atom, one molecule of dianionic thiosemicarbazone and one
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heterocyclic base. The complexes are soluble in DMF and conductivity

measurements (10-3 M solution in DMF) indicate that all complexes are non

conductors [51].

4.3.1 Magnetic susceptibilities

The room temperature magnetic susceptibility (corrected for diamagnetism) of

all the complexes in the polycrystalline state are presented in Tables 4.1 and 4.2.

The py, pip and (NiL2)2 are diamagnetic. The magnetic moments of ply -pic

complexes are very low. Such low magnetic moments are known. The

anomalous moments could be due to an equilibrium in the solid state between

the square planar and tetrahedral structures [91], or could be due to . a partial

population ofa spin triplet state [92] close to the idealised ground state lA 19 for

D4h symmetry. Penta-coordinate high spin complexes have magnetic moments in

the 3.20 - 3.40 B.M. range [93]. The observed values of J.1 for phen and dipy

complexes are slightly lower than those calculated for a high-spin penta coordinate

trigonal bipyramidal configuration [94]. Low magnetic moment values have

already been reported for Ni(II) complexes [95], which is thought to arise from

quenching of the orbital contribution to the magnetic moment due to distortion of

D3h symmetry or due to strong in-plane n-bonding and axial ligation [96] as has

been found in the case of some other Ni(II) complexes [97]. However in the

absence of variable temperature magnetic measurements a detailed discussion is

not feasible.

4.3.2 Vibrational spectra

The significant IR bands of H2L I, H2L2 and its Ni(II) complexes are presented

in Tables 4.3 and 4.4 respectively along with their tentative assignments.

On coordination of azomethine nitrogen, V(7C=lN) shifts to lower wave

numbers by 15 - 25 ern". The occurrence of v(NN) at higher wavenumber in
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the spectra of complexes compared to that of thiosemicarbazones confirm the

coordination of azomethine nitrogen [22]. A band at 385 - 415 ern" is assigned

to v(NiN) for these complexes. On loss of -2NH proton, coordination via the

thiolate sulfur [98] is indicated by a decrease in the frequency (20 - 80 cm") of the

v(C=S) bands found at 1333 and 792 ern" for H2L
1 and for H2L

2 these bands were

found at 1334 and 860 cm'. The presence of a new band at 275 - 360 cm"

assignable to v(NiS) is another indication of the involvement of sulfur

coordination. The phenolic oxygen on loss of -OH proton, occupies the third

coordination site, causing v(CO) to shift to lower wavenumbers by 50 - 80 ern" in

the complexes. A new band at 320 - 395 ern" is assignable to v(NiO) for

these complexes. The coordination of heterocyclic N atom(s) is confirmed by the

presence of veNiN) at 240 - 260 ern" range. A band around 3600 cm" indicate

the presence of lattice water in these complexes [99].

The spectrum of (NiL2)2 exhibits a medium intensity band at 740 ern" may be

attributable to the Ni<g>Ni ring vibration [45, 100].

4.3.3 Electronic spectra

The significant electronic absorption bands in the spectra of the complexes

recorded in DMF and Nujol mull are presented in Tables 4.5 and 4.6.

The electronic spectra of thiosemicarbazones were explained in section 3.3.3

(Chapter Ill). The electronic spectra of all the complexes are dominated by two

bands or shoulders at 37,000 - 42,000 ern" range (n ~ 1t.) and at 26,000 - 34,900

ern" range (n ~ 1t.), which can be assigned to aromatic ring and

thiosemicarbazone moiety respectively. NiLpy, NiLpip (L = L1 or L2
) and (NiL2

) 2

exhibit a shoulder at 16,660- 17,740 cm" (IA Ig~ IA2g ) and a high intensity

broad band at 23,400 - 23,870 cm -I (lA Ig ~ IBg ) . The high intensity of the

latter band may be due to overlap of L ~ M charge transfer band. The high
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intensity band or broad shoulder at 23,365 - 26,670 cm- I correspond to L ~ M

and is associated with lA 19 ~ 't; transition. The absence of bands below

10,000 cm -) confirms the planar nature of these complexes. This is because of the

large crystal field splitting in a square planar complex, the energy separation

between the dx
2
_v

2 orbital and the next lower orbital is invariably greater than

10,000 ern" [101].

In Td symmetry Ni(II) give rise to a 3T1(F) ground state. 3T1(F) ~ 3TI (P) state

(V3) occurs in the visible region (15,150 ern"), but for low symmetry Td complexes

the band is observed at 20,000 -- 15,150 ern" and bands are also

occur at 11,900 -- 10,000 cm" and 9000 ern" due to 3Tl(F) ~ 3A2(F) transition

(V2) [101]. The complexes prepared from imidazole, exhibit characteristic bands at

17,600 and 11,580 ern" due to V3 and V2 transitions respectively, which

indicate Td symmetry and magnetic moment values support this. No absorption

due to VI is observed.

P/y-picoline complexes exhibit a highly intense broad band or shoulder which

overlaps with L ~ M charge transfer band and observed at 23,360 - 24,000 ern".

These complexes exhibit bands due to tetrahedral complexes in addition to square

planar complexes. This indicates the possible presence of tetrahedral ~ square

planar equilibrium in these complexes.

The electronic spectra of Ni(II) complexes of phen and dipy do not resemble

the spectra of other five-coordinate Ni(II) complexes [97, 102], but are

similar to those of pseudo-octahedral Ni(II) complexes [44, 101].

4.3.4 NMR spectra

IH and 13C ~IR spectra of the thiosemicarbazones were discussed in section

2.3 (Chapter 11). IH and 13C NN1R spectra (300 WIz) of diamagnetic Ni(II)

complexes recorded in CDCl3 - DMSO-d6 mixture are presented in Tables 4.7 and
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4.8 respectively. -OH and _2NH protons of thiosemicarbazones are absent in the

1H NMR spectra of complexes, because of their loss on complexation. Absence of

-2NH proton signal suggests the enolisation of -2NH--C=S group to -2N=C-SH

and subsequent coordination through deprotonated thiolate. Considerable shift of

characteristic signals occur on complexation. A signal at 3.21 ppm with an

integration corresponding to four protons in the spectrum of NiL 'pip may be

attributed to two lattice water molecules. The NMR spectral datum of (NiL2)2

shows the presence of two ligand moieties, indicating a dimeric structure

with Ni<g>Ni linkage.

The 13C NMR data support the coordination of the thiosemicarbazones

through the phenoxy oxygen, azomethine nitrogen and thiolate sulfur, because

deshielding or shielding of carbon atoms occur on coordination.

The spectral data prove that the Ni(II) ternary complexes prepared from

pyridine, piperidine and P/y-picolines have square planar, for imidazole tetrahedral

and for phenanthroline and dipyridyl complexes five coordinate pseudo-octahedral

geometry, with the thiosemicarbazones acting as ONS tridendate ligand and N

atom(s) of heterocyclic base occupying the fourth (and fifth) coordination site

about the Ni(II) atom. Square planar dimeric structure with Ni< g>Ni linkage

may be suggested for (NiL2)2 complex.
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4.9. 4N-cyclohexylthiosemicarbazone and Ni(II) complexes do not exhibit any

activity against Salmonella typhi, Photohactericm ..f;p. and Shigella dysenteriae.

Some Ni(II) complexes exhibit profound activity against Aspergillus sp. than their

uncomplexed thiosemicarbazone i.e. metal complexes are more fungitoxic than the

free ligands. This could be understood in terms of chelation theory [103], stating

that upon complexation the polarity of the metal ion gets reduced which increases

the lipophilicity of the metal complexes facilitating them to cross the cell membrane

easily.
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CHAPTER V



SPECTRAL CHARACTERIZATION OF

COBALT(II) COMPLEXES

5.1 INTRODUCTION

Planar cobalt(II) complexes have received considerable attention in the past,

mainly from two different angles. Cobalt(II) complexes of Schiff bases and related

ligands have been considered as possible catalysts for the activation of molecular

oxygen [104 - 109]. Cobalt(II) complexes of thiosemicarbazones were important

because of their antitumour [110], antimicrobial [Ill], and electrical properties

[111,112]. This chapter describes the isolation and characterization of cobalt(II)

complexes of 4N-monosubstituted salicylaldehyde thiosemicarbazones containing

heterocyclic bases.

5.2 EXPERIMENTAL

5.2.1 Materials

Details regarding the preparation and characterization of the ligands are given in

Chapter 11.

5.2.2 Synthesis of complexes

The mixed ligand complexes, CoL 1B and CoL2B (where L1 and L2 are the

dianion of salicylaldehyde 4N-phenyl and 4N-cyclohexylthiosemicarbazones

respectively. B is pyridine, piperidine, imidazole, 1,IO-phenanthroline or 2,2'

dipyridyl) were prepared by mixing 2 mmol of the appropriate heterocyclic base in

ethanol with a hot solution ofthiosemicarbazone (2 rnmol) in ethanol (30 mL). To
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this was added a hot and filtered solution of CO(OAC)2 . H20 (0.498 g, 2 mmol) in

ethanol (25 mL) with constant stirring. The mixture was heated under reflux for 8

-10 h. and the volume is reduced to half The complexes separated as

microcrystalline powders were thoroughly washed with hot water, hot ethanol,

then ether and dried over P40 10 III vacuo. Yield -- 70%.

5.2.3 Analytical methods

Details regarding the analytical methods and other characterization techniques

are given in Chapter 11.

5.3 RESULTS AND DISCUSSION

The colours, elemental analyses, stoichiometries of H2L
1
, H2L

2 and its

complexes are presented in Tables 5.1 and 5.2 respectively. This indicate 1:1:1

stoichiometry for Co-L-B (L = L1 or L2). The complexes are insoluble in most of

the common polar and non-polar solvents. They are soluble in Dl\1F and

conductivity measurements (10.3 M solution in Dl\1F) indicate that all complexes

are non-conductors [51].

5.3.1 Magnetic susceptibilities

The room temperature magnetic susceptibility of the complexes, py, pip and irnz

in the polycrystalline state fall in the 2.50 - 2.62 B.M. range, which are expected

for a low spin square planar Co(II) complex [93]. The magnetic moments of

Co(II) complexes of phen and dipy are very low (2.80 - 2.92 B.M.) and lie in

between high spin (4.70 - 5.10 B.M.) and low spin (2.00 - 2.50 B.M.) values

showing the possibility of spin equilibrium to occur. Such low magnetic moment

values for Co(ll) complexes with Sand N chelating agents were reported

previously [113, 114]. The spin-equilibrium in penta-coordinate Co(ll) complexes
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is governed [115] by the nature of donor groups and geometric distortion of the

chromophore. Unfortunately, due to the nonaccessibility of variable temperature

magnetic measurements facility, we are unable to determine the cross-over

temperatures.

5.3.2 Vibrational spectra

The significant IR bands of H2L
1
, H2L

2 and its Co(II) complexes are presented

in Tables 5.3 and 5.4 respectively along with their tentative assignments. The IR

spectrum of all the complexes indicate that the thiosemicarbazones coordinate via

0, Nand S as explained before. The coordination of N atom(s) of heterocyclic

base is confirmed by the appearance of v(CoN) in the 279 - 299 nm range.

Appearance of new bands at 410 - 450, 370 - 409 and 300 - 358 ern" range

corresponds to v(CoN) [116], v(CoO) [117] and v(CoS) [116, 118] respectively.

5.3.3 Electronic spectra

The significant electronic absorption bands in the spectra of all the complexes,

recorded in DMF and Nujol mull are persented in Tables 5.5 and 5.6.

Electronic spectra of thiosemicarbazones were explained in section 3.3.3

(Chapter Ill). In the electronic spectra of these Co(II) complexes, i.e. py, pip and

irnz the observed absorption bands are indicative ofD2h symmetry for the Co(ll) d'

planar stereochemistry [119]. A shoulder occuring at 14,5000 - 15,7000 ern" is

assigned to the transitions 2Ag~2Blg (dx2_y2~dxy) and 2Ag~2B3g (dxz~dxy). Two

shoulders around 22,000 ern" and another one at 25,000 ern" are assigned to the

2Ag~2B2g (d:c=~L(1t·)) and 2Ag~2B3g (dyz~L(1t·)) metal-to-ligand charge transfer

transitions respectively.
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The electronic spectra of Co(II) complexes of phen and dipy resemble the

spectra of other five-coordinate Co(II) complexes [101, 114], and a square

pyramidal structure may be assigned for these complexes.

5.3.4 EPR spectra

EPR spectra of polycrystalline Co(II) complexes are recorded at 300 K and

110 K. Usually EPR spectra of Co(II) complexes do not give a well resolved

spectra, but doping with isostructural diamagnetic host lattice will give a resolved

spectra. Detailed study of EPR spectra in the present case has not been possible

because of the failure to form a good glass with any of the solvents or solvent

mixtures tried. The spectra of all the complexes show only one broad signal

(Figure 5. 1) which is attributable to the dipolar broadening and enhanced spin

lattice relaxation [62] of the coordinating ligand. The g values of all the

complexes are given in Tables 5.1 and 5.2, indicate the presence of unpaired

electron in dz
2 orbital [120, 121].

CoL1dipy 300 K

2~

t
SOOOG

64



Col.Iphen 110 K

l50G.....

t
2500G

Col.ipy 110 K

250G
..........

t
5000G

Figure 5.1 EPR spectra of Co(II) complexes in the polycrystalline state at 300 K and 110K



H

The spectral data indicate the presence of square planar geometry for py, pip,

and irnz complexes and a square pyramidal structure for phen and dipy complexes

as shown in Figure 5.2.
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CHAPTER J1



SPECTRAL CHARACTERIZ~~TION OF IRON(III) COMPLEX

6.1 INTRODUCTION

This chapter describes the isolation and characterization of iron(III) complex of

salicylaldehyde 4N-phenylthiosemicarbazone and piperidine. The complex has the

composition FeL IpipN03, (where L1 = dianion of salicylaldehyde 4N_

phenylthiosemicarbazone). The complex has been characterized by elemental

analysis, magnetic susceptibility measurement in the polycrystalline state at 300 K,

IR, electronic, EPR spectra in the polycrystalline state at 300 K and 110 K and

Mossbauer spectrum at 300 K.

6.2 EXPERIMENTAL

6.2.1 Materials

Details regarding the preparation and characterization of the ligand is given in

Chapter 11.

6.2.2 Synthesis of complex

The mixed ligand complex, FeL 1pipN0
3 was prepared by mixing 2 nun 0 I of

piperidine in ethanol to a hot solution of H2L
1 (0.543 g, 2 mmol) in ethanol (20

ml.). To this was added a hot and filtered solution of Fe(N03)3 . 9H20 (0.808 g, 2

mmol) in ethanol (40 mL) with constant stirring. The mixture was heated under

reflux on a water bath for 16 h. The volume of the mixture was reduced to half

On cooling to ambient temperature, the complex which separated overnight as
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microcrystalline powder, was thoroughly washed with hot water, hot ethanol, then

ether and dried over P40 lO in vacuo. Yield - 65%.

6.2.3 Analytical methods

Details regarding the analytical methods and other characterization techniques

are given in Chapter 11.

6.3 RESULTS AND DISCUSSION

Analytical data calculated for C19H22Ns04SFe : C, 48.32; H, 4.69; N, 14.82; Fe,

11.82; Found: C, 48.58; H, 4.79; N, 15.00; Fe, 11.70 reveals the presence of

1:1:1:1 stoichiometry for iron, thiosemicarbazone piperidine and genenion. The

complex is soluble only in DMF and DMSO, and conductance value in DMF (10.3

M solution in DMF) indicates that it is a non-electrolyte [51].

6.3.1 Magnetic susceptibility

Iron(III) is known to exist in S = 5/2 (ground term 6A 1, J..l = 5.92 B.M.), 3/2

(ground term 4A 2, Jl = 4.00 B.M.) and 1/2 (ground term 2T2, J..l = 2.00 - 2.60

B.M.) states.

The magnetic susceptibilityof the complex in the polycrysytalline state at 300 K

is 4.55 B.M., which is in between S = 5/2 and S = 1/2. The obtained value is

above the spin only value of 3.90 B.M. expected for five coordinate Fe(III)

complexes with 4A 2 (S= 3/2) ground state. As the value is above 3.90 B.M., there

may not be any possibility of antiferromagnetic exchange interaction.
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6.3.2 Vibrational spectrum

The v(OH) and v(2NH) bands of H2LI disappears in the complex indicating the

protonation of -OH and -2NH protons. Coordination via the thiolate sulfur is

indicated by a decrease in the frequency of the thioamide bands from 1333 and

792 cm" to 1317 and 752 ern" in the spectrum of complex [65]. A new band at

392 ern" corresponds to v(FeS) confirms sulfur coordination. The v(CO) band of

H2L
I (1259 cm -I) shifts to lower wavenumber (1200 ern") in the spectrum of the

complex and appearance of new band at 418 ern" due to v(FeO) shows

coordination via phenolate oxygen. The bonding of azomethine nitrogen to the

metal ion is indicated by negative shift ofv(7C=IN) band from 1622 to 1602 ern".

Coordination of azomethine nitrogen is confirmed with the presence of a new

band at 438 cm" assignable to v(FeN) [8]. Absence of a band in the range 800 

900 cm" rules out the possibility of Fe-O-Fe linkage in the complex [99]. Two

medium intensity bands VI and V4 observed at 1280 and 1383 ern" in the spectrum

of complex suggest that nitrato group is monodentate [122]. A weak band at 362

ern" in the spectrum of the complex is assigned to v(FeN) of piperidine. H2L I

coordinates via phenolate oxygen, azomethane nitrogen and thiolate sulfur and,

fourth and fifth coordination sites are occupied by piperidine and nitrato group

respectively.

6.3.3 Electronic spectrum

Electronic spectra ofH2L I and Fe(III) complex were recorded in DrvtF solution.

The d-d bands are obscured as usual for Fe(III) complexes [123, 124]. The UV

region of the complex is dominated by 1t~1t. and two n~1t· transitions,

corresponding to aromatic ring (38,235 cm") and thiosemicarbazone moiety

(28,890 and 32,910 cm'") respectively. A broad shoulder at 24,760 and 28,260

cm" may be due to L-)M and d-)1t· transitions respectively.
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6.3.4 EPR spectrum

The EPR spectra of Fe(III) complex in the polycrystalline state at 300 and 110

K shows signals at g -- 4 and g -- 2, (gu = 4.803, g~= 2.016 at 300 K and gu =

4.709, g: = 2.180 at 110 K). Complete analysis ofEPR spectra in the present case

has not been possible because of the failure to form a good glass with any of the

solvents or solvent mixtures tried. Figure 6.1 has definitely supported the five

coordinate stereochemistry for the complex as the appearance of signals at g -.. 4

and g -- 2 could be explained by this geometry only. The EPR results for the

systems with 4A 2 ground state can be described by the spin Hamiltonian [125 

128],

~ = D[Sz2 -- 1/3 S(S+I)] + E(Sx2 -- Sy2) + g~HS with S = 3/2 and g = 2.00.

When E = 0 and also when D » hv, there are two Kramers doublets M, = ±3/2

and ±I/2, with effectiveg-tensor principal values gx = gy = 0; gz = 6 and gx = gy=

gz= 2 as shown below.

D» hv, E= 0

For the (±1/2) doublet ignoring orbital contribution (since Fe(III) ion is 6SS12, L =0)

=2=J{ij=4
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1
= 2 x2 x- 2

2

3
For the + - doublet-2

=2xO=O

3
=2x2x- = 6

2

The complex under investigation show identical EPR properties (Figure 6.1) which

may be described by the above Hamiltonian for E = o. Such a system should give

rise to g value of 6, 4 and 2. Here g --4 is comparatively strong and becomes more

sharp as temperature decreases and g -- 6 signal is not observed since I±3/21

doublet is not expected to be populated appreciably [125].
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(a)

250G.-.

JoG

250G
~

,.
5CXX)G

Figure6.1 EPR spectra of iron(III) complex in the polycrystalline state at (a) 300 K (b) 110 K
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6.3.5 Mdssbauer spectrum

Mossbauer spectrum of the complex indicates the presence of two iron(III)

species. The isomer shift (S) and quadruple shift (~Eq) values are expected for a

high spin Fe(III) complex.

The d5 configuration ofFe(III), especially S = 3/2 exhibit isomer shift values in

'.
, , : •• : .,:. s '. 'i , ':' :. " «.:' ->, '

o 100

Figure 6.2 Mossbauer spectrum at 300 K
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the range 0.2 - 0.5 mm s" [129]. Since the measured 0 values are 0.39±0.05 mm

S·l has high s electron density hence the low 0 value. The peak with large LlEq

value (~Eq = O.95±O.05 mm S·l) suffers more asymmetric distribution around iron

atom [129]. So it is assumed that highly intense peak corresponds to S = 3/2 and

other S = 5/2.

Magnetic, EPR and Mossbauer studies reveal the existence of a quantum

admixture of S = 3/2 and S = 5/2 states [130]. Quantum mechanical admixing

presumed to be occur via spin-orbit coupling when the energy separation between

the pure states is small, may be recognized also on the basis of unusual g ~ 4 ESR

signals as well as by a drop in magnetic moment [131]. Based on these studies the

following structure may be suggested for the complex.

Q --------
\~Fe~\

\ /' "..~ ~--------S

H ~~
NH

Figure 6.3 FeL1pip
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CHAPTER YII



CONDUCTOMETRIC STUDY OF MANGANESE(II)

COl\tIPLEXES OF THIOSEMICARBAZONES AS A

. FUNCTION OF TEMPERATURE

7.1 INTRODUCTION

Electrical conductivity measurement is well known for its wide range of

applicability both in fundamental investigations of electrolyte solutions and in

tackling many applied problems. Even though the measurement is very simple still

it is more accurate method for those said investigations and analysis of

substances in solution [132, 133]. Conductometric study is an important and

versatile technique to establish the limiting molar conductance, theory of ion

association and ion-solvent interaction.

In the present investigation manganese(II) complexes of acetone and

butanone thiosemicarbazones are used as electrolytes for the study of ion-solvent

interaction involved in the system in its aqueous solution from 283 - 313 K.

Kraus-Bray equation is used for analysing conductance data and to establish

limiting molar conductance and dissociation constant. Walden product and

thermodynamic parameters of solvation process have been computed at all

temperatures for the above two systems and reported. Limiting IonIC

conductance and ionic transport number of both the anion and cation of these

complexes have been determined. All these values are used in the qualitative

proposal of ion-solvent interaction involved in the system under the prevailing

conditions.

The complexes under investigation namely bis(acetone

thiosemicarbazone) manganese(II) sulfate and bis(butane thiosemicarbazone)

manganese(II) sulfate were prepared as reported [134]. Eventhough M.H.
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Hammamy et al. [52] studied electrical conductivity of some transition metal

complexes of thiosemicarbazone, much attention has not been given to the study

of thiosemicarbazone complexes. Hence the present study is undertaken.

7.2 EXPERIMENTAL

7.2.1 Materials

Details regarding the conductance measurements were given in Chapter 11.

7.2.2 Synthesis of complexes

The Mn(II) complexes were prepared by mixing 1mmol of MnS04 and

2mmol of thiosemicarbazone in ethanol as reported previously [134]. The

synthesised complexes were recrystallised in ethanol and dried over P40 10 in

vacuo. Known amount of complexes were separately dissolved in water and

used in conductance measurements. Triply distilled water was used in the entire

investigation.

7.3 RESULTS AND DISCUSSION

7.3.1 Molar conductance

The conductance offered by the solution of the two complexes,

Mn(ATSC)2S0.. and Mn(BTSC)2S04 was directly read from the instrument.

The specific conductance and molar conductance were determined by usual

methods. Kraus-Bray model [135] of conductivity was used for the

evaluation of molar conductance at infinite dilution (limiting molar conductance
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A"m ) of the above two complexes at temperatures 283, 293, 303 and 313K in

water. Kraus-Bray equation for 1:1 electrolyte used here can be represented as

(1)

where K~ is the dissociation constant

The plots ofAmC vs I/Am were drawn and found to be linear (Figure 7.1). From

the slope and intercept of these linear plots, limiting molar conductance and

dissociation constant K, were determined. Table 7.1 represents the limiting

molar conductance (Aom) at different temperatures for the above two complexes.

As can be seen molar conductance increases with decrease In complex

concentration as expected. The resulted values of K, at different temperatures

for both the complexes are shown in Table 7.2. As expected limiting

conductance increased with Increase in temperature. Complex

Mn(BTSC)2S04 eventhough consists of relatively bulky butanone molecule

compared to light acetone molecule of Mn(ATSC)2S04. There is no much

difference in AOm values and both the species have relatively equal mobility and

transport numbers.

7.3.2 Effect of temperature

Increase in temperature increases the mobility of the conducting species of

these two complexes. When the complexes are added to water, they dissolve,

dissociate and destroy the three dimensional structure of water releasing more

number of water molecules available for solvation. Both anion and cation of the

complex get hydrated by water molecule. The hydration number of sulfate is

found to be around 8 at lab temperature, which is exactly coinciding with the

reported [136] value. It is known that hydration number slightly varies with

77



16

12 A

SO

4.0

~

-I(~

-8

A.,.C)( 10-1

60 LIJ, r---

-8.0

0

-I~

4·0

B

&0

12

16

-12

1
Figure 7.1 Plot of A.",C vs .1, for manganese(II) complexes at 283, 293, 303. 313 K

'"

A - [Mn(ATSC)2S04J

B - [Mn(BTSC)2S04l

283

o

293

•

303

•

313 K

o



T
ab

le
7.

1
E

st
im

at
ed

va
lu

es
of

lim
iti

ng
m

ol
ar

co
nd

uc
ta

nc
es

(A
.0

m
oh

m
"

cm
2

m
ol

"
fo

r
M

n(
A

T
SC

)2
S0

4
an

d
M

n(
B

T
SC

)2
S0

4
at

28
3,

29
3,

30
3

an
d

31
3

K
.

C
om

pl
ex

28
3

K
29

3
K

30
3

K
31

3
K

M
n(

A
T

SC
)2

S0
4

12
4

14
7

16
6

20
8

M
n(

B
T

S
C

)2
S

04
11

1
13

1
15

6
19

2

T
ab

le
7.

2
E

xp
er

im
en

ta
l

di
ss

oc
ia

ti
on

co
ns

ta
nt

K
,

va
lu

es
fo

r
M

n(
A

T
SC

)2
S0

4
an

d
M

n(
B

T
S

C
hS

04
at

28
3,

29
3,

30
3

an
d

31
3

K
.

C
om

pl
ex

Kc
X

10
-2

28
3

K
29

3
K

30
3

K
31

3
K

M
n(

A
T

SC
)2

S0
4

M
n(

B
T

SC
)2

S
0

4

3.
74

3.
84

2.
92

2.
32

1.
94

3.
08

2.
73

1.
94

78



temperature. In the present case hydration number of SO..2- is calculated at

different temperatures for both the complexes using the following relations [137].

lJ0 l:'
(2)

where R is the radius of a solvated ion and can also be calculated using the semi

empirical relationship based on the Stoke's law [138], which gives corrected

radius R. The R, values are presented in Table 7.3.

(3)

where R, is the corrected radius of a solvated ion and Yy = 0.1 AO for all anions

[139], E is the dielectric constant of the solvent.

. Rs
3

- Rcr
3

Solvation number = 3
RC solvent)

(4)

Rcr is the crystallographic radius obtained from literature [137]. Since

crystallographic radius of the cationic moiety is not available, it was not

possible to calculate the hydration number. As expected hydration number of

sulfate ion decreases with increase in temperature and found to be 9, 8, 8 and 7

respectively at 283, 293, 303 and 313 K. That means the thermal energy has

knocked off some water molecules from the primary hydration sheet of sulfate

and these water molecules may conduct small amount of current at higher

temperature. It is quite likely that some of water molecules may slightly

dissociate and contributes its share towards conductance.

79



7.3.3 Dissociation constant

The ionisation constant (K, ) determined from Kraus-Bray plot is presented in

Table 7.2. K, decreased with increase in temperature in both the cases.

According to Le-Chatelier's principle [140], increase in temperature brings about

decrease in dissociation constant means, the system should act as exothermic in

character i.e., change in enthalpy of dissociation MID should be negative. This

is what has been experimentally found. The process may be represented as,

With the increase in temperature, the system favours the backward reaction.

Therefore, more and more associated product will be obtained. That means

association of species IS increasing with increase in temperature which is

observed experimentally. The K, values of both these complexes decreases as

the temperature is raised which is contrary to prediction from the electrostatic

theories [139]. ~he change in enthalpy, entropy, and free energy of dissociation

are estimated from the temperature dependence of the dissociation constant.

7.3.4 Activation parameters

Treating the conductance process equivalent to the rate process is well

documented [141 - 143]. Therefore the following Arrhenius equation of rate

process can be used to evaluate the activation energy related to the conductance

process.

o Ea
or log Am = log A- 2.303RT
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where A is a proportionality constant or frequency factor, Ea is the activation

energy of the process which determine the rate of movement of ions. So the plot

of log AOm vs lIT (Figure 7.2) should be linear. From the slope and intercept of

the linear plot, values of Ea and log A are determined and are found to be 12.4

kJ mort and 4.4 for Mn(ATSC)~S04 and 14.1 kJ mol" and 4.6 for

Mn(BTSC)2S04 respectively. Since the energy of the rate process and log A of

the second complex are higher than that of the first complex, it is quite natural to

have slightly lower limiting molar conductance for the second complex.

A plot of log K, vs liT is drawn and found to be linear with a positive slope

(Figure 7.3). From the slope of this plot change in enthalpy of the

dissociation process (Mfo) (slope = -Mfo 12.303 R) are calculated and found to

be -18.6 kJ mol" for Mn(ATSC)2S04 and -20.4 kJ mol" for Mn(BTSC)2S04 .

Both the values are negative, so the systems are exothermic as anticipated

under effect of temperature on dissociation constant.

LiGo the change in free energy of dissociation and ~So the change In entropy

of dissociation are calculated using the following equations [138].

LiGo = -2.303 RT log K, (7)

(8)

at different temperatures and resulted values are shown in Table 7.4. From the

table it is clear that LiGo is positive for both the complexes, and slightly

increasing with increase in temperature indicating the difficulty In dissociation

of the complex with increase in temperature. In otherwords it may be stated

that species are rather stable in gaseous phase than solution phase, because the

positive value of ~Go indicates the non-spontaneity of the dissociation process.

Hence it is very likely that association process is predominating with increase in
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temperature. ~S[) is almost constant, small enough, and negative indicating the

process of electrostriction or slight disorder in the process, perhaps this favours the

association process proposed earlier. Entropy is significantly connected to

the solvent structure perturbation brought about by the disordered ions. This

small negative ~SD has been considered as due to increased orientation of water

molecules and the formation of solvent separated or solvent shared ion-pairs.

The change in enthalpy (MI1-S ) , free energy (~GI-S) and entropy (LlSI-s) of ion

(S042
-) solvent interaction at different temperatures using the following three

equations proposed by Born [139].

(9)

(10)

(11)

where z, is the valency of cation and anion, e electronic charge, r corrected radius

of the species (Table7.3), E is the dielectric constant of the medium and DE/DT is

the temperature coefficient.

In general these may be called as activation parameters of solvation process.

The computed values of above three parameters of solvation for sulfate are

shown in Table 7.4 at different temperatures. Since S042
- is the common

species for both these complexes, activation parameters are also common for

both the complexes. Solvation process is exothermic which is supported by the
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change in free energy which is spontaneous (negative). So the species tries to be

in the solvated state according to Born. A plot of ~GI-S vs IIR. is drawn

and found to be linear (Figure not shown) which propose the validity of Born

equation to the process. Plot of A:l vs lie is linear and shown in Figure 7.4.

Entropy of ion-solvation is small, so small that, virtually no difference between

t1G1-S and LlH1-s which is in confinnity with the proposal made by Elay and

Evans [139].

7.3.5 Walden product

The walden product [139 - 143], which is the product of viscosity of the

solvent and the limiting conductance, was calculated and presented in Table

7.5. The values are found to slightly decrease with increase in temperature

indicating the increase of Stoke's molecular radius. To prove this the Stoke's

molecular radius was calculated and shown in Table 7.5. The radius found to

increase with increase in temperature as proposed. This increase in radius hints at

the increased ion-solvent interaction. That means ions are more solvated at this

temperatures which is on expected trend (hydration number of sulfate is around 8)

so the role of sulfate in deciding about limiting molar conductance is very little.

Only the cation moiety IS responsible for the observed variation in

conductance. It IS likely that hydrated cationic moiety has undergone little

association and this association must be a solvent separated or solvent shared

ion-pair as both cation and anion of the complex are hydrated to large extent.

Since the limiting conductance is continuously increasing with increase of

temperature, it may also be expected that there may be some charged ion pairs

and ion triplets [136]. Because of these, the molecular size slightly increases

with the increase in temperature, at the same time limiting conductance also

Increases. This is in tune with the proposal made in the case of increase of

association constant with increase of temperature. The increase in conductance is

not nullified by the decrease in viscosity of the solvent as expected.
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SUMMARY



The thesis deals with the synthesis, characterization, electrochemical and

biological studies of transition metal complexes of two salicylaldehyde 4N_

monosubstituted thiosemicarbazones, viz. salicylaldehyde 4N_

phenylthiosemicarbazone and salicylaldehyde 4N-cyclohexylthiosemicarbazone.

The thesis is divided into seven chapters. Chapter I of the thesis presents an

introduction about metal complexes of thiosemicarbazones. Bonding,

stereochemistry, biological and analytical applications of transition metal

complexes of thiosemicarbazones and objective and scope of the present work are

also outlined in this chapter.

Chapter II contains informations on synthesis, purification and characterization

of the ligands by IR, IH and 13C NMR and physico-chemical techniques employed

in the characterization of metal complexes.

Chapter III deals with the synthesis and characterization of heterocyclic base

adducts of copper(ll) complexes of salicylaldehyde 4N-phenyl- and

4N-cyclohexyl-thiosemicarbazone. IR, electronic and EPR spectra of the

complexes have been obtained. Based on EPR studies all possible parameters have

been calculated. The g values, calculated for all the complexes in frozen solution

indicate the presence of the unpaired electron in the dx
2

_y
2 orbital. The metal-ligand

bonding parameters evaluated showed strong in-plane o and in-plane 1t bonding.

The magnetic and spectroscopic data indicate a square planar geometry for the

four-coordinate and a distorted square pyramidal for five-coordinate complexes.

From cyclic voltammetric data quasireversible copper(II)/copper(l) couples are

observed for all the complexes except CuL'phen, which is irreversible.

Salicylaldehyde 4N-phenylthiosemicarbazone and its copper(II) complexes have

been tested against human pathogenic bacteria and plant pathogenic fungi. All the

complexes exhibit antibacterial and antifungal activities.
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Chapter IV contains the synthesis and characterization of heterocyclic base

adducts of nickel(II) complexes of salicylaldehyde 4N-phenyl- and 4N-cyclohexyl

thiosemicarbazone. Four-coordinate complexes, py, pip and NiL2 are diamagnetic

and square planar, ply-pie complexes exhibit square planar r=~ tetrahedral

equilibrium, imz complexes have tetrahedral structure and five-coordinate

complexes, phen and dipy have pseudo-octahedral structure. Salicylaldehyde 4N_

cyclohexylthiosemicarbazone and its nickel(II) complexes are active against human

pathogenic bacteria and plant pathogenic fungi.

Chapter V gives details about the synthesis an characterization of cobalt(II)

complexes of salicylaldehyde 4N-phenyl- and 4N-cyclohexyl-thiosemicarbazone and

heterocyclic bases. Square planar structure is assigned for four-coordinate py, pip

and irnz complexes and square pyramidal structure for five-coordinate phen and

dipy complexes. Analysis of EPR spectra indicate the. presence of unpaired

electron in the d,2 orbital.

Chapter VI includes the synthesis and characterization of one iron(III)

complex.. IR, electronic and EPR spectra indicate a square pyramidal structure for

this complex. Mossbauer spectrum reveals the presence of two high spin iron(III)

species in this complex and the observed magnetic moment value is higher than that

expected for a five-coordinate complex. Magnetic, EPR and Mossbauer studies

reveal the existence of a quantum admixture of S = 3/2 and S = 5/2 states in this

complex.

Chapter VII contains the conductometric studies of manganese(II) complexes of

acetonethiosemicarbazone and butanonethiosemicarbazone in water at 283, 293,

303 and 313 K. The calculation of thermodynamic parameters gave a clear idea

about the association of these complexes in water under the studied concentration

range.
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