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The current interest in research related to the coordination chemistry of porphyrinlike macrocycles is aimed at the design of ligands that would stabilize higher
coordination geometries. In this regard, a new class of "expanded porphyrins", viz.
"texaphyrins" and "sapphyrins", have been recently synthesized and ch~iracterized.
This paper presents the coordination chemistry and in vitro photodynamic activity
of these two novel pentadentate "expanded porphyrins". These porphyrin-like
molecules are 22~-electron aromatic systems and possess two unique properties.
Firstly, they contain a binding core that is approximately 20-25~o larger than the
porphyrins and form hydrolytically stable, non-labile complexes with a variety of
large cations including lanthanides. Secondly, they absorb in the physiologically
transparent region (i.e.. 700-1000nm) and upon photo-irradiation, generate singlet
oxygen in appreciable yield. The details of metal-binding behaviour, photophysics, as
well as ground and excited state redox properties of these macrocycles are
discussed. Further, possible applications of these systems in the development of
promising new medical technologies, including those based on magnetic resonance
imaging and photodynamic tumour treatment therapies are highlighted.
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Synthesis of selected metalloporphyrins and their applications as
models for cytochromes P-450 and related mono oxygenases
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The iron(III) complex of protoporphyrin IX is the basic component of the active sites
of cytochromes P-450 and related mono oxygenases. The axial ligand in cytochromes
P-450 is a cysteine thiolate, whereas in peroxidases it is the imidazole of a histidine
residue of the protein. During the reaction sequence of peroxidase, the iron(Ill)
porphyrin moiety of peroxidase reacts with H 202 and other mono oxygen donors to
give compound I, which, on further one-electron transformation, leads to the
formation of an iron(IV) oxo species, compound II of peroxidase. The formation of
iron-oxo intermediates, similar to compound I, have been proposed for cytochromes
P-450 catalyzed oxidations, except that the axial thiolate ligand favours the formation
of the high-valent iron(V) species. Iron-porphyrins and different mono oxygen donors
mimic the different reactions of cytochromes P-450 and other mono oxygenases. The
formation of the M - O bonds from different metalloporphyrins and mono oxygen
donors has been proposed in the hydroxylation of 1,3-dimethylpyrimidines, the
epoxidation of aldrin and related olefins as well as in the oxidation of various sulphur
compounds. The formation of M - N and M - C bonds has been proposed during the
oxidation of different alkylhydrazines and related compounds. The formation of
different intermediates and final products are briefly highlighted in the
presentation.
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Perhalogenated porphyrins are important models for enzymatic epoxidation and
hydroxylation reactions of organic substrates. We report here a novel synthetic route
for
2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetraphenyl-21,23(H)
porphyrin,
(H2OBP) and elucidate interesting unusual properties of its metal derivatives
(MOBP).
MOBP [M = VO(IV), Co(II), Ni(II), Cu(II), Zn(II), Pt(II), Pd(II) and Ag(II)]
exhibits red-shifted visible absorption bands (740nm) and Soret band (470nm)
relative to MTPP. The MOBP have very short triplet lifetimes (< 200 ns) with triplet
emission at 825 nm. The ring and metal-centred reductions occur at more anodic
potentials relative to that observed for MTPP. These features have been explained in
terms of the electron withdrawing effect induced by bromo substituents. Interestingly,
the rates of the metallation reaction in H 2 0 B P are 10"~ times faster than that
observed for H2TPP, The unusual stability of metal derivatives towards acid
demetallation reactions has been rationalised in terms of decrease in a covalency of
the imino nitrogens. These interesting properties are incorporated in the synthesis of
novel bisporphyrin systems to study intramolecular electron and energy transfer
processes.
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Metal-ion assisted syntheses of macrocycles and polycyclic macrocycles are presented.
These macrocycles form stable complexes with Cu(II) and Ni(II) ions. EPR and
electronic spectral studies and X-ray crystal structural analyses are discussed which
enable clearer understanding of the electronic structure and bonding at the active
site (s) of blue copper proteins as well as nickel hydrogenases. When polycyclic
macrocycles (cryptands) are used as ligands for transition metal ions, unusual
coordination geometry around the metal ion can be achieved. This aspect has
relevance in biology and is discussed.
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Based on the reactivity of the Mo w [OS 3] 2- anion, especially towards CS2, and by the
available EXAFS and 170 EPR data, the mechanism of action of xanthine oxidase is
viewed as the nucleophilic attack of the terminal sulphido group of molybdenum at
the C-8 position of xanthine which induces electron transfer through sulphur to the
molybdenum of the molybdopterin moiety (cofactor) in the enzyme. The reduced
molybdenum enhances its coordination by incorporating a hydroxyl iori. For the
elimination of uric acid this hydroxy group attacks the carbon of the M o - S - C
moiety. This is facilitated on oxidation of the molybdenum centre by flavin and
ferredoxin with the regeneration of the oxidized enzyme. The special role of the
terminal sulphido group in initiating the reaction and that of flavin and ferredoxin in
completing the reaction in xanthine oxidase suggest a simple redox reaction in
sulphite oxidase which lacks these functionalities.
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The last few decades have seen an upsurge in the research interest'in the area of
structure and function of the metalloproteins. Copper proteins (Sigel 1981) have
perhaps received maximum attention. All copper proteins contain copper in cupric
state and are, therefore, epr and endor active. The epr method as applied to copper
proteins has, however, the limitation that in frozen solution epr spectra, ligand and
copper hyperfine interactions are only partially resolved (or not resolved at all). To
overcome this difficulty Feher (1956) introduced a double resonance technique, in
which the spin system is simultaneously irradiated by a microwave and a radiofrequency
field. A brief survey of the endor investigations on the copper proteins is presented
along with some latest results obtained on endor spectroscopy of benzylamine oxidase
(Baker 1986) which is discussed in detail.
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Two new dimanganese(lI) complexes have been prepared and characterized as the
first functional analogues of the manganese pseudocatalase enzyme of LactobaciUus
plantarum (Beyer and Fridovich 1986). These have the formula Mn2(L)CI3(1) and
Mn2(L)(OH)Br2(2) in which CI and OH, respectively, serve as one of two bridging
ligands, the other coming from the alkoxide group of the binucleating ligand
N,N,N',N'-tetrakis (2-methylenebenzimidazolyl)-l,3-diaminopropan-2-ol(HL). The
solution structure of these complexes has been characterized by EPR spectoscopy at
both 34 and 9 GHz. This reveals the presence of two equivalent high-spin Mn(II) ions
electronically coupled by a weak electron spin exchange interaction. Analysis of the
axial zero-field splitting (D = 0.072 cm- 1) of this spin S = 5 complex in terms of the
magnetic dipole interaction between the two Mn ions yields a lower limit to their
separation of 3.2A. Cyclic voltammetry reveals that three separable oxidation
processes occur for (2) at Ep = 0.60V(A), 0-80V(B), and 1.03 V(C), while (1) exhibits
only two oxidations: a reversible one-electron process at 0.57 V(A) analogous to (2)
and a second oxidation at 1.18 V corresponding to (B) + (C). The hydroxide bridge in
(2) thus appears to stabilize the Mn(IIl) oxidation state relative to Mn(II) in
comparison with the chloride bridge in (1). The binuclear complexes (1) and (2)
decompose H2 02 catalytically with an initial rate for (1) proportional to (H 2 02) 2
(Mn2(L)CI3) 1, while mononuclear Mn(II) is ineffective. The mechanism proceeds
through the initial formation of the /~-oxo- containing Mn m intermediate
[Mn~I(L)(O)]CI2, which is reduced by a second H202 to release 02. A similar
mechanism could be operating in the manganese pseudocatalase enzyme of
L. plantarum, which is known to contain two Mn(Ill) per subunit and thus may have
a binuclear Mn site.
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A series of diruthenium(llI, II) and diruthenium(IlI, llI) compounds containing
respective Ru2(/~-OH)(#-O2CAr) 2+ and Ru2(/z-O)(/z-O2CAr)22+ cores are
synthesized by reacting Ru2CI(p-O2CAr)4 with PPh3 under various reaction
conditions. The ligands used besides PPh3 are pyridine, ethylenediamine and
bipyridine. The compounds are characterized by X-ray crystallographic studies. The
metal cores in these compounds are analogous to the semi-met and met-form active
centres in the hemerythrin class of biomolecules. The compounds isolated are yellow
coloured, trapped mixed-valence, asymmetric [{(PPh3)(n'-O2CAr)CIRu}(/z-OH)
(p-O2CAr)2{Ru(MeCN)(n'-HO2CAr)(PPh3)}'h blue-[ {(PPh3)(MeCN)2 Ru} 2(,u-O)
(p-O2CAr)2](CIO4) 2,
purple-[{(PPh3)(O2CAr)Ru}2~-O)~-O2CAr)2 ],
blue[{(PPh3)(n'-O2CAr)(py)Ru}2(lz-O)Oz-O2CAr)2], green-[ {(PPh3)(bipy)Ru} 2(/z-O)
(#-O2CAr)2](CIO4) 2. The last two compounds are characterized by spectroscopic
techniques. While the diruthenium(llI, lll) compounds are diamagnetic, the
diruthenium(lll, II) compounds are paramagnetic and display an intervalence charge
transfer(IT) transition. The compounds with labile facial sites are found to be highly
reactive towards substrate and substrate-analogue molecules.
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Peroxidases are heme protein enzymes which utilize hydrogen peroxide ~o catalyze
oxidation of a variety of inorganic and organic substrates. Mechanism of oxidation is
very complex and involves binding of both hydrogen peroxide and substrate to the
enzyme. Binding of substrate to the enzyme can be used as a probe to study the heme
crevice structure. Interaction of thiocyanate ion with lactoperoxidase (LPO) and
horseradish peroxidase (HRP) was studied using tSN, 13C a n d I H N M R
spectroscopy. Interaction of organic substrates with these peroxidases was studied
using proton N M R and optical difference spectroscopy. Apparent dissociation
constants and thermodynamic parameters for binding of these substrates to the
enzymes were deduced. These studies showed that thiocyanate binds to both the
enzymes predominantly in ionic form but away from the ferric centre (Modi et al
1989a, b, 1990a). Organic substrates also were found to bind away from the ferric
centres but in neutral form (Modi et al 1989c). Binding site of thiocyanate and organic
donors appears to be same near distal histidine in LPO, however in HRP, organic
donors and thiocyanate have distinctly different binding sites (Modi e t a l 1989a-c,
1990a). Water proton relaxivity measurements in absence and presence of these
substrates showed that a water molecule is not present in the first co-ordination
position of the ferric ion in both these enzymes (Modi et al 1990b).
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Lactoperoxidase (LPO, EC 1.11.1-7, d o n o r - H 2 0 2 oxidoreductase) is a metalloenzyme
of approximately 78,000 molecular weight which is found in milk, saliva and tears. In
common with other peroxidases, the enzyme catalyzes the oxidation of a number of
organic and inorganic substrates by hydrogen peroxide, and is therefore a
component of the biological defense mechanism of mammals. The thiocyeaate
ion/H2 0 2 / L P O provides a potent non-specific bacteriostatic or bacteriocidal system.
This system operates in vivo to protect the gut of the calf from enteric pathogens, and
has been used to preserve raw milk without refrigeration.
With a view to establish the agent(s) responsible for the activity of the
L P O / S C N - / H 2 0 2 system, the oxidation of thiocyanate with hydrogen peroxide,
catalyzed by lactoperoxidase, has been studied by 1 5 N N M R and optical
spectroscopy at different concentrations of thiocyanate and hydrogen peroxide and at
different pH. The formation of hypothiocyanite ion ( O S C N - ) as one of the oxidation
products has been found to correlate well with the activity of the L P O / S C N - / H 2 0 2
system and was observed to be maximum when the ratio of the concentrations of the
H 2 0 2 and S C N - were nearly the same (i.e. [ H 2 0 2 ] / [ S C N - ] --~ 1) and pH < 6"0.
When the ratio [ H 2 0 2 ] / [ S C N - ] was above 2, formation of C N - was observed
which was confirmed by 15N N M R and also by changes in optical spectra of LPO.
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Horseradish peroxidase enzyme (HRP) is a plant hemeprotein and catalyzes the
oxidation of a large variety of inorganic and organic substrates by hydrogen peroxide.
The substitution of the iron protoheme prosthetic group of heine proteins with
manganese porphyrins is interesting because of the close relationship of manganese
with iron. A comparison of the binding properties of manganese and iron horseradish
peroxidase can give valuable information about the active site of the enzyme and
insight into the reason for the loss of activity of the reconstituted enzyme. HRP was
reconstituted with Mn(IlI) protoporphyrin. The binding of inorganic (Modi et al
1990) and organic (Saxena etal 1990) substrates to Mn(III)HRP was studied by
optical difference, IH and ~SN NMR spectroscopy. Unlike as in Fe(III)HRP, the sixth
position in the coordination sphere of Mn is occupied by one water molecule. The
CN- does not bind to the Mn centre in contrast to Fe(III)HRP where it binds to iron
and changes its spin state. However, like with Fe(III)HRP, the SCN- ion binds to
Mn(III)HRP 6.9 A away from the Mn ion and the Ko values for both cases are
comparable. The binding of SCN- and C N - was found to be facilitated by the
protonation of an ionizable group (the propionic acid group of the heine moiety) on
the enzyme with p K , = 4.0. Organic substrates such as resorcinol, phenol, o-, m-,
p-cresol, aniline and o, m, p-toludine bind to Mn(III)HRP at the same site and the
binding is facilitated by protonation of an ionizable group (the histidyl imidazole
residue of the heme pocket) with p K , = 6.1. The Ko values are comparable to those of
the Fe(III)HRP values.
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Details N M R and UV-Vis spectroscopic studies on ferrous and ferric heme
peptides have been carried out at different pH and temperatures in the presence of
aqueous detergent micelles. In the absence of micelles heme peptide complexes show a
strong tendency to aggregate. Previous studies have shown that aqueous detergent
micelles can stabilize monomeric heme complexes in different oxidation and spin
states (Mazumdar e t a l 1988, 1989, 1990; Medhi e t a l 1989). Micellar solutions have
been shown to monodisperse heme peptide complexes. The pH dependence of the
micelle-encapsulated ferric heme peptides showed a transition from the aqua to the
hydroxo complex, similar to that in the case of met myoglobins. Five-coordinate
high-spin ferrous species' have been stabilized with heme peptides in micellar solutions
as models for deoxy myoglobins. The close similarity in the N M R and optical spectra
of these heme peptide complexes incorporated in aqueous micelles with those of
hemoproteins suggested that the micelle-encapsulated peptides are very good candidates
for biomimicking the heme pocket environment.
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1H N M R measurements of nuclear spin-spin relaxation time T 2 at different
temperatures are reported for aggregates of several five-coordinate high-spin iron(lII)
complexes of proto-, deutero- and copro- porphyrins in solution, and utilised to
determine their solution structure and thermodynamic parameters of the aggregates.
Extensive aggregation of these complexes in the solution is observed and the
dominant form of the aggregates is shown to be dimers. The degree of aggregation for
these iron(Ill) porphyrins follows the order: proto- >>deutero- >copro-. The
linewidth of the heme methyl resonances were analysed using a non-linear least
squares fit program working in the finite difference algorithm (Mazumdar and Mitra
1990).
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The coordination geometry of heme in native heme proteins is a problem of long
standing. Water proton relaxivi'y measurements have shown that no water molecule is
present in the first coordination position of the ferric ion in horseradish peroxidase
(HRP) and lactoperoxidase (LPO) (Modi et al 1990). Electronic absorption spectrum,
spin states and redox properties of the enzyme undergo changes at acid-alkaline
transition characterized by a particular pK. In the case of HRP, pK = 10.8 was
measured from water proton relaxivity measurements at different pH. It has been
suggested that acid-alkaline transition in HRP with pK = 10-8 can be attributed to
the ionization of a protein side chain in the distal side of the heme crevice with
concomitant conformational change in heme vicinity and ligation of the ionized
amino acid residue at vacant sixth coordinate position of ferric ion in HRP. Circular
dichroism (CD), was used to investigate the nature of the distal amino acid residue,
which is responsible for acid-alkaline transition in HRP. From pH dependence of CD
spectra in the far-UV region of HRP the pK of the transition was obtained, which
agrees well with that obtained from NMR measurements. The CD spectrum of HRP
in the far-UV region is independent of pH in the presence of cyanide ions. The pK for
the said acid-alkaline transition in HRP was observed to increase in the presence of
an organic donor (e.g. resorcinol). Resorcinol binds to distal histidine by forming
hydrogen bonds to the pyrrole nitrogen of the imidazole ring and as such the
movement of distal histidine is restricted. However, in the presence of iodide, no
substantial change was observed in the pK value for acid-alkaline transition of HRP.
All these results point to the movement of distal histidine with change in pH, which
leads to the binding of distal histidine to the metal ion at high pH.
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Blue (type I) copper proteins exhibit unusual spectral and electrochemical properties
in comparison with those of c o m m o n copper(II) complexes. They exfiibit intense
absorption bands near 600 nm, small A~ and relatively high Cun/Cu ~redox potentials.
While intense absorption has been attributed to charge transfer (Penfield et al 1981),
from cysteine sulphur to copper(II), the high redox potential is attributed to both the
distorted tetrahedral structure and the coordination of sulphur atoms (Yokoi and
Addison 1977; Addison et al 1984). To date several complexes involving the CuS2N 2
as models for the active site of blue proteins have been studied (Addison et al 1988,
1990). But most of these models assume trigonal bipyramidal or square geometries
instead of a tetrahedral one. To investigate the influence of tetrahedral distortion and
imidazole coordination on the spectral and redox properties, a series of models with a
CuN4 chromophore involving benzimidazole coordination have been investigated.
The single crystal X-ray structure of a model shows that it possesses a perfectly
square-planar geometry which is very rare. The relationship between the structure
and redox behaviour of the models are discussed in the light of the electrontransfer in the blue proteins. The methyl substitution on the coordinated imino
nitrogen and the chelate ring sizes affect the redox potentials and reversibility.
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Photoredox reactions of transition metal complexes play an important role in
inorganic photochemistry. Most of the important photochemical bioinorganic
phenomena centre around photosynthesis. This has been and continues to be the
focus of a great deal of investigation. The carboxylatopentaamminecobalt(IlI)
complexes ([Co(NH3)s OCOR] 2 +, where R is virtually any group) were prepared and
characterized. The quenching of the excited state Ru(bpy)3z§ by the above metal
complexes has been studied at 25~ pH = 5.8 and ionic strength 0.1 M by the
spectrofluorimetric technique and the quenching rate constants (kq) have been
calculated from the Stern-Volmer plots. The values of kq observed for the above
systems were of the order of (0.05 + 0.01) x 10 9 M - 1s- 1 when R is an aliphatic or
aromatic group with any substituent other than -NO2. For cobalt complexes ofo-, mand p-nitrobenzoate, the values ofkq obtained were 1.72 x 109, 2-27 x 109 and 3"63 x
10 9 M-1 s-1 respectively. The higher values of the quenching rate constants for the
nitrobenzoatopentaamminecobalt(III) complexes when compared with those of the
other carboxylatopentaamminecobalt(III) complexes clearly indicate that the electron
from the excited state Ru(bpy) 2 § complex is transferred first to the easily reducible
nitro group to form the ligand centred successor complex which undergoes
subsequent intramolecular electron transfer leading to the reduction of the cobalt
centre. When the carboxylatopentaamminecobalt(lll) complexes other than the
nitrobenzoatopentaamminecobalt(IlI) complexes are used as quenchers, the electron
transfer occurs directly from the excited state Ru(bpy)32§ complex to the less reactive
cobalt(llI) centre, which is reflected in the low quenching rate constants.
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Photosensitized energy transfer reactions of tris(4,4'- d i a l k y l - 2 , 2 ' bipyridine) ruthenium(ll) complexes with substituted styrylpyridines
S R A J A G O P A L a, T RAJENDRA a and C SRINIVASAN b

9School of Chemistry, Madurai Kamaraj University,Madurai 625021, India
Department of Materials Science,Madurai Kamaraj University,Madurai 625 021, India
Keywords. Photosensitizedenergy transfer reactions; ruthenium(lI) complex; substituted
styrylpyridines.

The luminescence quenching constants (kr of tris(4-alkyl-4'-methyl-2,2'-bipyridine)
ruthenium(II) complexes, RuL 2§ , with trans-2-styrylpyridine, trans-4-styrylpyridine,
4'-substituted styrylpyridines and N-methyl-4-styrylpyridinium iodide have been
measured. The changes in the quenching activity with triplet energy (Er) of the
quencher support efficient triplet-triplet electronic energy transfer from the RuL ] +
excited state to styrylpyridines in all cases except 3'-and 4'-nitro-4-styrylpyridines.
The higher kr values with 3'- and 4'-nitro-4-styrylpyridines may be attributed to a
competition between two types of quenching i.e. energy and electron transfer. The
quenching study becomes complicated with 4'-methoxy-4-styrylpyridine due to its
emittive nature. The quenching behaviour of all styrylpyridines is discussed with
suitable mechanisms being proposed.
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Photochemistry of aqueous and non-aqueous solutions of nitrate ion
P RAMAMURTHY
Department of Inorganic Chemistry, School of Chemistry, Universityof Madras, Madras
600025, India
Keywords. Photochemistry;solutions of nitrate ions; molecularoxygen evolution.

The photochemistry of the nitrate ion in aqueous medium has been the subject of a
number of investigations, The nitrate ion undergoes photochemical reactions to yield
different products through different pathways under different conditions. It has been
the subject of interest to identify the intermediates formed during the course of the
photochemical events. The evolution of molecular oxygen along with nitrite ion has
been reported by Daniels et al (1968). In addition to this, the formation of the
hydroxyl radical has also been reported as a competitive process when photolysed at
low energy absorption.
NO~ ~ N O ~ " + 8 9
NO~ ~NO2 + OShuali et al (1969) further confirmed the formation of the hydroxyl radical by
trapping the radical using 0 2, CO 2- and C N S - as scavengers. Further they have
contradicted the hypothesis of the oxygen atom, as the intermediate evolving
molecular oxygen and they have proposed a metastable intermediate as being
responsible for the molecular oxygen evolution. Dubovitskii et al (1981) corroborated
the dependence of nitrite yield on pH of the medium proposing a collision chargetransfer complex [ N O a 2 - . . . N O 3 ] as an intermediate. We have investigated the
photochemistry of nitrate ion using cobalt(II) nitrate as the substrate in acgtonitrile
medium (Meera and Ramamurthy 1988). Formation of nitrate radical on direct
photolysis of nitrate ion has been reported and nitrite ion as a product through the
collision electron transfer complex.
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Chiropticai studies on coordination compounds of aidimine derivatives
of amino acids
R ROY, M C SAHA, S PANCHANAN and P S ROY
Department of Chemistry, North Bengal University,Darjeeling 734430, India
Keywords. Chiroptical studies; aldimine derivatives of amino acids; uranium and
lanthanide complexes.

Chiroptical studies on coordination compounds of aldimine derivatives of amino
acids (mainly conformation about the N-C~ bond), constitute an interesting area of
investigation because of their relevance to various enzymic (vitamin B6 catalysed) and
nonenzymic reactions of ~-amino acids. Although considerable work has already been
done for delineating the coordination chemistry of such ligand systems involving the
first transition elements, the determination of absolute configurations/conformations
in such systems is still required for understanding their reactivities. The present work
is a modest endeavour in that direction using dioxouranium(Vl) and trivalent
lanthanide complexes of such ligand systems, as such studies are still scanty. The
pertinent ligands have been derived mostly from L-amino acids in which the R-groups
are varied over a range (viz., hydrophobic, hydroxylic, carboxylic, thiol, thioether,
imidazole, amide and amine types). The resulting coordination compounds have been
thoroughly characterized by various physico-chemical methods. The appropriate CD
spectra are being interpreted using a coupled oscillator model for drawing chiroptical
inferences and are being substantiated by NMR data. In some cases quasienantimorphous CD curves have been obtained from L- and D-derivatives.
The utility of the resulting chiroptical conclusions is likely to be two-fold: first, they
will be helpful for determining the dominant conformer in the pertinent systems;
second, for the trivalent lanthanide ions they may be of use in determining the
stereochemistry of amine-containing chiral biomolecules where such ions could be
used as probes(structural/spectroscopic).
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Long range exchange interaction in (2,2'-bipyridine-3,3'-dicarboxylic
acid)-dichlorocopper(ll) monohydrate via lattice water: Single crystal
EPR studies
C BALAGOPALAKRISHNA and M V RAJASEKHARAN
School of Chemistry, University of Hyderabad, Hyderabad 500 t 34, India
Keywords. Long range exchange interaction; anomalous angular variation; single crystal
EPR studies; lattice water.

The title complex crystallises in the orthorhombic system, space group Pbca with 8
molecules in the unit cell. The EPR g-values show anomalous angular variation. A
decoupling procedure was developed to obtain the molecular g-tensor. This revealed
exchange averaging between sites connected by H-bonded lattice water. Three
different pathways for exchange were identified based on the analysis of the merging
effect in EPR spectra and X(T) measurements. These are schematically shown below.
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NMR and other physicochemical studies of uranium complexes with
semicarbazone and hydrazone
B V AGARWALA a, S H I N G O R A N P and G A N A G E N A G O W D A ~
a Department of Postgraduate Studies and Researchin Chemistry, RD University,Jabalpur
482001, India
bSophisticated Instruments Facility, Indian Institute of Science, Bangalore 560012, India
Keywords. NMR and spectral studies; uranium complexeswith Schiffbases;semicarbazone
and hydrazone.

Uranyl complexes of two Schiff bases, semicarbazone and hydrazone, containing
O O N donor atoms have been synthesized and characterized on the basis of NMR, IR
and electronic spectral studies, conductance, magnetic susceptibility and
thermogravimetric data. The t H - N M R spectrum of the semiearbazone complex
shows low field signals due to OH, N H and - C H = N groups at 10"23,9-31 and
8.17ppm respectively. The aromatic protons appear over the region 7.74-7.40. On
complexation with U(VI) the signals due to OH, N H disappear evidently due to their
participation in coordination. The coordination number of the o-vanillin
semicarbazone (o-VSC) complex is 6, whereas that of one of the o-vanillin isonicotinic
acids (o-VINAH) is 8 in addition to the two oxygen atoms already bonded to U(VI) in
each species. The thermograms show the presence of 3 and 2 water molecules in these
complexes respectively and the IR spectral data also support the above conclusion.
Suitable structures have been assigned.
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Unusual shielding of/-propyl protons of 2-substituted benzimidazole in
a mononuclear iridium(l) complex
Y S RAMASWAMY, R HALESHA, N M N GOWDA and
G K N REDDY
Department of Chemistry, Central College, Bangalore University, Bangalore 560001, India
Keywords. Unusual shielding of protons; 2-substituted benzimidazole; mononuclear
iridium(I) complex; 2-D NMR.

The bridge cleavage reaction of [Ir(cod)(p-Cl)]2 where cod is cycloocta-l,5-diene,
with benzimidazole or its 2-alkyl derivatives (R-bztH; R = H, Me, Et, n-Pr, i-Pr or
n-Bu) in acetone affords mononuclear complexes of the type [lr(cod)Cl(R-bztH)]. The
proton NMR spectra of the complexes (except R = i-Pr) in CDC13 exhibit a broad NH
signal around 11 ppm in addition to resonances due to cod and R-bzt groups.
However, the spectral features of the complex containing the iso-propyl substituent
suggest the presence of two conformers in solution.
A doublet for the i-Pr methyls of one of the conformers is observed at 1-49ppm
(J = 7-1 Hz) whereas that of the other is at -0-23 ppm (J = 6"8 Hz). This is further
confirmed by the 2-D NMR spectrum of the complex. The unusual shielding of the
methyls resonating at -0-23 ppm is presumably due to their proximity to the metal ion
as suggested by molecular model study. The 13C NMR spectrum of the complex
corroborates the existence of the two species in chloroform.
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Preparation and spectral studies of di-/-propyltin dichloride and its
adducts with some N-donors
G C SAXENA a, K L GUPTA b and P SRIVASTAVA b
a Chemistry Department, R B S College, Agra 282004, India
b Department of Chemistry, S D College, Ambala Cantt 133 001, India

Keywords. Di-i-propyltin dichloride; unidentate ligand complexes.

Di-i-propyltin dichloride has been prepared by the redistribution reaction method in
good yield and characterised by elemental analysis, molecular weight determination,
1H NMR, IR and mass spectrometry. X-ray data of the above compoun4 is well in
agreement with tetragonal symmetry to give the lattice constants, a =-12-9751 ,~,
C = 15.7359,~, and cell volume V = 2649.1894/~ 3. It forms 1:2 (acid/base) adducts
with unidentate ligands, viz. pyridine, morpholine, o-toluidine, p-toluidine and
~t-naphthylamine. Molar conductance values show that they are weak electrolytes
in nitrobenzene while their molecular weight determinations indicate that they exist
as monomers with small dissociations. Their IR spectra, in the range 4000-200 cm-i,
and 1H NMR spectra have also been studied.
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Changing structural and chemical features of systems arsenic to
bismuth with asymmetric sulphur ligands
V D GUPTA
Department of Chemistry,Banaras Hindu University,Varanasi 221005, India
Keywards. Complexesof Biand As;asymmetricsulphurligands;sulphur-bridgedcomplexes.

The compound, bismuth(IIl) thiodibenzoylmethanate Bi(C6HsCSCHCOC6Hs) 3
crystallizes in a triclinic space group Pi. The bismuth is coordinated to three ligands.
One of the sulphur atoms also coordinates a neighbouring bismuth forming a highly
unsymmetrical bridge (1) generating a dimeric structure. Uniquely bismuth has
eight-electron pairs including the lone pair in an almost eight-coordinate
environment. The corresponding antimony complex obtainable by a similar method
is found to be too unstable. On the contrary the arsenic tris-complex
As(C6H5CSCHCOC6Hs) 3 appears to involve all three unidentate sulphur-bonded
ligands leading to essentially a tetrahedral structure. Notably if the arsenic trichloride
is refluxed only with thiodibenzoylmethane in benzene, apparently an acid-catalyzed
reaction leads to the formation of an exclusively ZZ isomer of the sulphide
[C6HsCOCHC(C6Hs)]2S.

Bi/S2B
XS/

{!)
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Iron complexes of the bis-amide tetradentate ligand. Preparation,
properties and reactivity
M RAY and R N MUKHERJEE
Department of Chemistry, Indian Institute of Technology, Kanpur 208 016, India
Keyworda. Iron complexes; bis-amidr tetradentate ligand; neutral tetradentate ligand.

The design of non-porphyrin tetradentate N 4 ligands having the bis-amide
functionality for use in producing new oxidizing agents is explored. The reaction of
N,N'-bis(2'-pyridinecarboxamide)-l,2-benzene(bpbH2) with FeC12 under anaerobic
conditions in acetonitrile yields a brick red compound, [Fen(bpbH2)Cl~]. 2H20 (1).
This complex exhibits clear evidence of the neutral tetradentate ligand coordination in
the protonated form. In acetonitrile suspension, on addition of two equivalents of
Et3N and exposure to air, complex 1 instantaneously goes into solution giving rise to
dark green colouration. From this solution a reactive crystalline solid product can be
isolated. Elemental analyses, conductivity measurements and cyclic voltammetry
experiments reveal the composition, (HN § Et3) [Fe"(bpb-C12)Cl] (_2). In complex _2
the ligand behaves as a dianionic planar N4 delocalized chelate ring. Interestingly,
metal-catalyzed chlorination of the ortho-phenylenediamine ring takes place at the
para positions with respect to the amine nitrogens. In d 6 - D M S O solution the
complex _2 exhibits an isotropically shifted IH NMR spectrum of good resolution.
Transformation of 1 to -2 has been monitored using UV-vis spectroscopy.
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Binuclear dioxomolybdenum(Vl) complexes containing bridging
dioxime Schiff base ligands
R N MOHANTY and K C DASH
Department of Chemistry,Utkal University,Bhubaneswar751004, India
Keywords. Bridging dioxime; Schiff base ligands; thermogravimetric measurements;
binuclear dioxomolybdenum(VI)complexes.

Biacetylmonoxime (2,3-butanedione monoxime) interacts with ethylenediamine,
propylenediamine, diethylenetriamine and triethylenetetramine to form the
tetradentate H2 DM ED, H 2DM PD, the pentadentate H2 DMDT and the hexadentate
H2DMTT ligands, respectively. These ligands form novel binuclear, ligand-bridged
six-coordinated, dioxomolybdenum (VI) complexes on reaction with MoO2(acac)2
from which acac groups are replaced partially to give complexes of the type
(acac) MoO2(p-L)O2 Mo(acac) where H2 L = H 2DMED, H2DMPD, H 2DMDT and
H2DMTT. The ligands essentially act as dinegative tetradentate N 4 donors, bridging
two MoO2(acac) § groups. One or two secondary amine (-NH) functions remain
uncoordinated in the complexes Mo204(acac)2(/~-DMDT) and Mo204(acac)2(#DMTT). The presence of the cis-dioxo group, cis-MoO 2 § is confirmed from the twoband pattern in the IR spectra in the region 880-920 cm- 1 region. The disposition of
the remaining non-oxo ligands in the complexes is confirmed from 1H and 13C NMR
spectra. The thermogravimetric measurements reveal the formation of MoO3 as the
stable end product at 650~
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The synthesis, IR and NMR spectral studies of some methyltin(IV)
sulphonates and carboxylates
RAMESH KAPOOR, S YADAV, V SOOD and P K A P O O R
Chemistry Department, Panjab University,Chandigarh 160014, India

Keywords. IR and NMR spectra; methyltin(IV)sulphonatesand carboxylate;metathetical
reactions; ligand redistribution reactions.
The synthesis of some new binary methyltin(IV) compounds of the type
(CH3)nSnXa-n and ternary derivatives of the type (CH3)nSnClmX4-~§
with X =
p-CH3C6H4SO~, fl-CloH7SO 3 and fl-CloHTCOO- and n or m e 1,2 or 3 is
described. Two general synthetic routes are employed: (a) metathetical reactions using
(CH3)3SnC! or (CHa)2SnCI 2 and either sodium or silver salt of the appropriate acid,
and (b) ligand redistribution reactions of methyltin(IV) chlorides and either
sulphonates or carboxylates. Structural proposals are based on a correlation of tincarbon, 1J(lt9Sn, 13C)and tin-hydrogen 2J(l19Sn, I H ) a n d the M e - S n - M e angle
and detailed vibrational assignments for the anionic groups. The spectral data suggest
that (CH3)3Sn(OOCC~oHT) is a tetracoordinate monomer, whereas the other
members of the series are pentacoordinate polymers with a planar Me3Sn-moiety.
This is the first example of a tetracoordinate trimethyltin (IV) carboxylate. Structural
interpretation based on vibrational and solution IH and ~3CNMR data for
(CH3)2SnX 2 and (CHa)ESnCIX compounds is presented.
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Synthesis and reactivity of some novel metalated spirobicyclic
phosphoranes
B N ANAND, R BAINS, USHA and K AGGARWAL
Chemistry Department, Panjab University, Chandigarh 160014, India
Keywords. Metalated spirobicyclic phosphoranes; hypervalent phosphorus.

Hypervalent molecules of main group chemistry like phosphoranes have been of
considerable interest from both the.stand point of synthesis as well as stereochemical
analysis. A synthetic route involving phosphoranylation of some o-disubstitued
benzenes with pentachlorophosphorane at elevated temperature results in the
isolation of novel spirobicyclic phosphoranes _1-3 as below, which beside containing
both sulphur and nitrogen atoms bonded to pentacoordinate phosphorus in fivemembered rings also have a single cleavable P-CI bond.

CI

NIPNNI~ j
I
I
H H
1

E=NH~

2

E=O~

3

E=S

The cleavable nature of P-CI bond in 1-3 has been used to synthesize bicyclic
organophosphoranes containing a peptide linkage and also metalated derivatives of
1-3 through nucleophilic substitution reactions with moieties which have sufficient
nucleophilicities or are isolobal with the CI atom. Further reactions have been carried
out to study the reactivities of these metaUophosphoranes at the transition metal
centre. All these compounds have been characterized by NMR (IH and 31p), IR, TG
and other physico-chemical methods.
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Iron(ll) complexes of o-functionalized p-naphthoquinones. 2. Crystal
and molecular structure of bis(aquo) bis(lawsone) iron(ll) and
intermolecular magnetic exchange interactions in bis(aquo)
bis(3-aminolawsone) iron(ll)
P GARGE', R CHIKATE a, S PADHYE a, J M SAVARIAULT b,
P DE LOTH b and J P TUCHGUES b
a Department of Chemistry, University of Poona, Poona 411007, India
b Laboratoire de Chimie de Coordination du CNRS, 205 route de Narbonne, 31077 Toulouse
Cedex, France
Keywords. Iron(II) complexes; magnetic exchange interactions; structural analogue of
ferroquinone complex.

Two related coml~exes [Fe(lawsone)2(H2Oh], 1, and Fe(3-aminolawsone)2(H20)2,
2-, wherein lawsone is 2-hydroxy-l,4-naphthoquinone, have been synthesized and
studied. 1 crystallizes in the monoclinic system, space group P21/c with Z = 2 and
= 5-036(3),~, b = 16.448(3)A, C = 10-710(3),fl = 99-75(4)~ The structure was solved
by the heavy-atom method and refined to conventional agreement indices R = 0.051
and Rw = 0.057 with 13,44 unique reflections for which I > 2o. The tridimensional
network of the crystal results from the linking of infinite chains of
[Fe(lawsone)2(H20)2] molecules through hydrogen bonds. These chains consist of
complex molecules doubly hydrogen-bonded along the [100] direction. Each complex
molecule is made up of two bidentate lawsone ligands coordinated to the ferrous iron
centre in their fully oxidized paraquinone form and two trans water molecules. The
resulting coordination sphere can be described as a rhombically distorted octahedron.
The synthesis, IR, UV-visible and M6ssbauer spectra, thermogravimetric, variable
temperature magnetic susceptibility and cyclic voltammetry studies of 2_are described.
Both 3-aminolawsone ligands are in their fully oxidized form and the coordinating
centres are the C-2 phenolate oxygen and C-3 amino nitrogen atoms. Thermal studies
indicate that one water molecule is coordinated while the second one is lattice held.
Variable temperature magnetic susceptibility studies establish the presence of
extended intermolecular antiferromagnetic interactions between the high-spin ferrous
centres. The resulting structural arrangement of 2_implies an N204 ligand environment
and holds two paranaphthoquinone moieties at ~ 4 A from the ferrous centre, thus
affording the best structural analogue of the "ferroquinone complex" of
photosynthetic bacteria described upto now.
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Synthesis and reactivity of methylplatinum(ll) complexes with
unsymmetrical, potentially bidentate ligand(Ph2Ppy)
V K JAIN
Chemistry Division, Bhabha Atomic Research Centre, Bombay 400085, India
Keywords. Methyl platinum(II) complexes; potentially bidentate ligands; dinuclear
phosphine bridged complex.

Treatment of PtMeX(COD) with 2-(diphenylphosphino) pyridine (Ph2Ppy) in 1:2
stoichiometry affords complexes of the type [PtMeX(Ph2Ppy)2 ] (X= Me, CI, I).
Reaction of PtMeCI(COD) with Ph2Ppy in 1:1 stoichiometry yields a dinuclear
phosphine bridged complex [PtMeCI(/~-Ph2PPY)]2. A few reactions of these
complexes have been investigated.
Treatment of trans-[PtMeCl(Ph2PPY)2] with NaY yields cationic complexes
[PtMer/2-Ph2Ppy)(Ph2Ppy)] [Y](Y = BF4 or BPh4), in which one of the phosphine
ligands is chelated. The reaction of [PtMcCI(Ph2PPY)2] with excess SnCI2-2H2 O in
dichloromethane gives
the
corresponding trichlorostannate
complex
[PtMe(SnCI3)(Ph2 PPY)2]- Coproportionation reactions of [PtMeCI(Ph2 PPY)2] with
Ptdba 2 or Pd2dba3.CHCl 3 give dinuclear platinum(t) complexes.
The insoluble complex [PtMeCI(g-Ph2Ppy)]2 when treated with NaBPh, yields a
soluble compound of the type [PtMe(/z-Ph2Ppy)2PtMeCl][BPh4]. The latter
complex can be synthesized by the reaction of CODPtMeCJ with NaBph4 and
subsequent treatment with [PtMeCI(Ph2 PPY)2]All these complexes were characterized by elemental analyses, ~H and 31p{tH}
NMR spectroscopy.
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Lanthanide carboxylates of potentially tridentate carboxyUc acids and
their coordination compounds
M A VAIDYA and S C JAIN
Chemistry Division, Bhabha Atomic Research Centre, Bombay 400085, India
Keywords. Lanthanide earboxylates; potentially tridentate carboxylie acids; coordination
compounds of carboxylates.

Lanthanide carboxylates of potentially tridentate carboxylic acid such as cyanoacetic
acid, [Ln(NCCH2COO)3.nH20]; 2-furic acid, [Ln(CsH303)3-nH20] and
2-picolinic acid, [Ln(C6H402N)3"nH20] where (O < n < 2) and Ln = La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu or Y have been synthesised. Coordination
compounds of these carboxylates with 2,2' bipyridyl (bipy) or 1,10 phenanthroline
(phen) have also been synthesised and characterized by elemental analysis, infrared
spectroscopy (4000-200em-1), thermogravimetric analysis, molar conductance,
magnetic susceptibility measurements, X-ray diffraction powder patterns and ~H and
~3C NMR spectroscopic studies. Possible sites of bonding and structural aspects of the
compounds are discussed in the light of the shifts in the v(C=N), v(C-O-C), v(C=N-C),
vasy(CO0), vsy(CO0), v(Ln-O) and v(Ln-ligand) bands. Results suggest that the
carboxylate groups act as tridentate and the ligands bipy and phen act as bidentate
ligands; resulting in the formation of polymeric polyhedra where central metal atom
acquires a high coordination number of 9 or 11. These polyhedra can be viewed as
arising from a symmetrical tricapped and symmetrical pentacapped trigonal prism. If
the positions of the (Ln-O) bands are plotted vs the polarizing power (e/r2) of the
cation, it is observed that a break occurs at gadolinium which can be attributed to the
stabilization caused by a half-filled 4f shell.
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Synthesis and characterisation of substituted-tetrathia-fuivalene
n-donors: bis(butylenedithio)tetrathiafulvalene(BBDT-TTF) and
bis(o-xylenedithio)tetrathiafulvalene (BXDT-TTF)
S KALYAN KUMAR and HARKESH B SINGH
Department of Chemistry, Indian Institute of Technology, Bombay 400076, India
Keywords. Substituted tetrathiafulvalene; 7r-donors; molecular superconductivity.

Bis(ethylenedithio)tetrathiafulvalene, BEDT-TTF, has now yielded over thirteen
superconductors. The highest recorded superconducting transition temperature for an
organic superconductor is T c = I I ' 2 K for (BEDT-TTF-ds)2Cu(NCS)2. The
stabilization of the superconducting state has been attributed to two-dimensional
(2-D) sheet work of the donors and hydrogen bonding between the anions and the
donor. We have been interested in the preparation of a range of substituted
tetrathiafulvalenes in an attempt to increase the hydrogen bonding and understand the
properties of organic ~r-donors. In this report, we present the synthesis of the title
compounds along with cyclic voltammetry data and electrochemical preparation of
their charge-transfer complexes. The ~-donors have been characterised by elemental
analysis, MS, NMR, UV-Vis and IR spectroscopy.
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Naturally occurring metal transport agents: Chelating behaviour of
2,3-dihydroxybenzoic acid towards copper(ll)
K M MANGAONKAR and D N PATKAR
Department of Chemistry, Universityof Bombay,Bombay400098, India
KeywardL Metal transport agents; chelating behaviour; 2,3-dihydroxybenzoic acid;
copper(II) complexes.

2,3-Dihydroxybenzoic acid (2,3-DHB) and its N-benzoyl derivatives with amino acids
belong to the largest group of naturally occurring complexing agents, phenolate
siderochromes, synthesised by microorganisms (like Bacillus subtilis) (Peters and
Warren 1968) and responsible for oxygenation and hydroxylation of diverse
biological materials involving participation of usually iron but sometime copper. The
present report is on the complexing behaviour of 2,3-DHB towards copper(lI). 2,3DHB (synthesised from o-vanillin) was treated with Cu(II) acetate and the acetic acid
formed was removed under vacuum to give the dark brown Cu(2,3-DHB)2, (I); while
refluxing of Cu(II) chloride and 2,3-DHB (1:2) in ethanol yielded grey coloured
Cu(2,3-DHB)2C12, (II). (I) has # = 1.73 B M (302 K) and its electronic spectrum shows
a d - d band at I 1-6 kK indicative of an octahedral Cu(II) complex; copper probably
achieving a six-coordinate environment in the solid state due to polymerisation. The
infrared spectrum of (I) differs markedly from the spectra of Fe(Ill) and other metal
complexes of 2,3-DHB. The presence of uncoordinated C O O H and other spectral
features reveal that the bonding to Cu(II) is through the two phenolic O atoms
(catechol type linkage) and not through COOH and o-phenolic 02 atom (salicylate
type linkage) as in the complexes of other metal ions (Avdeef et al 1978), confirming
the earlier suggestion of Harada (1971) from solution stability constant measurements.
Copper(II) gives # = 1.70 B M (302 K) and displays a d - d band at 12"2kK in the
electronic spectrum, attributed to the transition 2Eg - 2T2g of an octahedral Cu(II)
complex. IR spectral features indicating monovalent bidentate behaviour of 2, 3-DHB
and the presence of bridging, rather than terminal, Cu-CI bonds and the absence of any
dissociable CI (conductance measurements) point to a pseudooctahedral coordinate
environment around copper(D4h).
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In continuation of our attempts to synthesize organoantimony compounds
containing seven-coordinated antimony we are now reporting the reaction of
triphenylstibine dibromide and trimethylstibine dibromide with sodium salts of a few
diabasic quadridentate Schiff bases which are potential O N N O and SNNS donors.
The two bromine atoms of the organoantimony dibromide are replaced by the ligand
and a 1:1 complex (Sb:ligand) is isolated in each ease. These complexes containing the
organoantimony moiety have been characterized by elemental analyses, melting
points, molecular weight determinations, conductivity measurement, IR and far-lR
spectroscopy and 1H and 13C N M R spectroscopy. Conductivity measurements show
that these compounds are nonionic, and molecular weight measurements indicate that
they are monomeric in nature. IR and N M R data indicate that these compounds
contain seven-coordinated antimony.
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All important electronic ceramics, including the newly discovered high Tc
superconductors, belong to the class of mixed inorganic oxides. The performance
parameters are continuously improved through proper understanding of the
processing variables. It is well-established that for processing of single-phase
electronic ceramics of high densities and controlled microstructure, we should have (1)
an unagglomerated powder of monosized particles, 1/zM or less in size, (2) a uniform
distribution of pores of the green microstructure with close packing of the particles,
(3) optimized thermochemical variables such as temperature, pressure and composition
to give maximum density with pores located at grain boundaries. Such monosized
powders of the electronic ceramic oxides have intrinsic processing advantages. In
~order to achieve such ultrafine powders of electronic ceramic oxides, namely, Ba/Sr
ferrites, Ba/Pb titanates etc., in our laboratory, chemical synthesis routes such as
coprecipitation, sol-gel/sol-precipitation have been followed, which have the proven
potential of controlling physical characteristics- particle size, size distribution and
particle morphology. Calcination and sintering processes are carried out at much
lower temperatures. In the present communication, special features about chemical
routes being developed, effect of processing variables to achieve excellent
characteristic properties of hard and soft ferrites, ferroelectric titanates and zirconates
are presented.
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In recent years oxidic spin glasses have been increasingly studied. The interest in
spin glasses stems mainly from the theoretical review article of Villain (1989). Spin
glasses are the dilute solid solutions of magnetic ions interacting through the
conduction electrons of non-magnetic matrix. Recently we have investigated the
system GaxFel_xNiCrO,(O ~<x ~<0-8) from 4"2 K to 298 K using the Mrssbauer
technique and observed ferri-spin glass nature where ferrimagnetic and frustrated
(entropic) spins are expected to be co-existing (Srivastava et al 1986). Similarly the
compound Co2TiO, showed spin glass behaviour with five magnetic transitions from
1 to 100K when low field (50 to 450 Oe) ac magnetic susceptibility technique was
used. Anisotropic spin glass behaviour has also been observed in FeMnTiO5 system
(Srivastava et a11987). Recently the system Ni~ _~ZnxMnFeO4 has been studied using
Mfssbauer technique at different temperatures. The compositions (0.4~<x ~<0.5)
which lie at the centre of the series showed competition between ferrimagnetic and
antiferromagnetic interactions exhibiting six line pattern due to longitudinal
ferrimagnetic interactions and a paramagnetic line at the centre which may be due to
transverse frustrated spin component. The results have been discussed on the basis of
existing theories.
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The title reactions have been investigated at 25~ in aqueous-micellar media using
sodium dodecyl sulphate and Triton X 100. The anionic micelles exerted much
stronger effects on the rates and equilibria than the neutral miceUes. The
microenvironment of the reactants is likely to be predominantly aqueous. However,
the lower polarity of the micelle-bulk aqueous interface, electrostatic and
hydrophobic interaction effects control the partitioning of the reactants between
aqueous and micellar pseudo-phases and mediate the rates of formation and
dissociation of the iron(Ill) complexes. Selective partitioning of Fe(OH2)63§ and
Fe(OH)(OH2) 2 + into the anionic micellar pseudo-phase resulted in remarkable rate
retardation (400 times) of Fe(OH2)63 § + N C S - reaction in contrast with a small effect
on the corresponding reaction of Fe(OH)(OH2) ] +. This discrimination is consistent
with la and Id mechanisms of reaction of the two iron(Ill) species respectively.
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Kinetics and mechanism of metal ion catalyzed aquation of malonato-, picolinato and
glycinato(amine)cobalt(llI) ions have been studied. Fe(Ill) and AI(III) are found to
strongly catalyse water substitution at the cobalt(Ill) centre for the malonato
complexes, whereas, Cu(ll) and Ni(ll) are found to catalyse water substitution for the
amino acid ligands. Fe(lll) and AI(III) eatalysed aquation of the complexes trans[Co(N2)2(malH)2] + (N2=en, or tmd) is found to lead to formation of cis[Co(N2)2(malH)OH2] 2+ as the major product. The reaction is believed to proceed
via rapid and reversible formation of the binuclear complexes trans[Co(N2)2(malH)malM] 3§ (M = Fe 3+ or AI 3§ as the reactive species, followed by
water substitution at the cobalt(Ill) centre. Ni(ll) and Cu(ll) eatalysed aquation of the
(amino acidato) pentaaminecobalt(lll) complexes are also believed to proceed via
appropriate binuclear complexes. The rate of formation of the binudear complexes
between Fe(lll)and [(NHa)sCo(malH)] 2+, trans-[Co(N2)2(malH)2] + (N 2 = en or
tmd), as also the rate of formation of binuclear species of Ni(II) and [(NH3)sCo(2picolinato)] 2+ have been studied by stopped-flow technique.
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Kinetics of the interaction of trans-cyciohexane-l,2-diamine-NNN'N'tetraacetatomanganate(lll) with thiourea and N-substituted derivatives.
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The kinetics of the rapid interaction of Mn'"-cydta (eydta 4- = t r a n s - c y c l o h e x a n e - l , 2 diamine-NNN'N'-tetraacetate) with excess thiourea, N-methyl thioutea, N-allyl
thiourea and Nophenyl thiourea have been studied by stopped-flow technique at 28~
in the pH range 3"5-5"5 and at 10.0 (1,0.2 M NaCIO4). A very fast increase in the
absorbance at 510nm is observed initially followed by a relatively slower first-order
decay. The first step probably corresponds to the formation of an associated species
which participates in the subsequent electron transfer.
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The complexes Fe(bt)z(X)2 (with X = NCS or NCSe) and Fe(bts)z(NCS)2 [where bt =
2,2'-bithiazoline and bts=2,2'-bi(5-methyl thiazoline)] are known to exhibit
discontinuous and continuous type of thermally induced spin state transitions,
respectively. The thermodynamic nature of these transitions is studied using
differential scanning calorimetry. A sharp peak observed in the specific heat values of
Fe(bt)2(NCS)2 and Fe(bt)2(NCSe)2 centred at 183 and 223 K, respectively, is a clear
indication of the first order character of spin state transition. The specific heat values
of Fe(bts)2(NCS)2 show a very broad peak in spin transition region with a maximum
around 205 K, suggesting that even the continuous type of spin transition exhibited by
this complex, is of first order. Values of various thermodynamic parameters such as
To, AH, AS and Cp associated with the spin state transition, are reported. The results
have been used to test the applicability of some of the theoretical models such as the
noninteracting model of a binary mixture of solids. Values of some of the relevant
parameters of these models, evaluated from these results, have been discussed.
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A number of copper(lI) complexes of alicyclic ~-amino acids are synthesised and their
redox characteristics investigated. Cyclic voltammetric, differential pulse
voltammetric and spectral studies were carried out in aqueous medium at neutral and
lower pH values. At neutral pH these complexes undergo reversible .one-electron
reduction. Their electrochemical behaviour is explained by a three-electrode
mechanism. Electronic and esr spectral studies reveal formation of protonated species
at lower pH values. In the pH range 5-4, (CuL) + species is found to predominate.
Electrochemical behaviour at lower pH levels has also been investigated and the
results are discussed. Addition of N-donor ligands like pyridine or imidazole does not
influence the redox behaviour of these complexes. However, presence of ammonia
shifts the redox potentials to the less negative values by about 60-100my. This is
explained on the basis of the ability of ammonia to replace axially coordinated water
molecules from the complexes.
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Better understanding of octahedral substitutions in transition metal ions in terms of
relative importance of electronic and nuclear factors, on the one hand and the
significance of the need to consider changes in the nuclear disposition of non-leaving
ligands in achieving a transition state geometry on the other, has now been attempted.
The currently used physical models following the Longford-Gray formalism namely,
D, A, 1o and ld tend to assume hard-sphere approaches where the changes, if any, in the
atomic coordinates on non-leaving ligands donor atoms seem to be neglected. In this
study, the importance of the vibrational promotions along T1, and T2, modes and
possible changes in the nuclear disposition of non-leaving ligands in achieving the
minimum energy configuration of the transition state through both associative and
dissociative modes of activation have been highlighted. An experimental strategy to
assess the relative importance of geometric and electronic factors in the substitution of
trans-Cr(L)(H20)~ systems where L = N,N' ethylene bis-salieylideneimine (salen) or
NN'-propylene bis-salicylideneimine (salprn) are also presented. The factors
influencing the aqua ligand substitution in the two diaqua Cr(llI) systems are
discussed in the light of X-ray structure and kinetic data. The 200-fold lower kinetic
lability of the salprn derivative compared to the salen analogue has been traced to the
lower deviation from octahedral geometry in the case of the salprn complex. The
significance of the conjugate base effects arising from the coordination of
salicylaidehydato O - bases to the metal ion in relation to the geometric factors has
been examined and the origin of unusual lability in trans-Cr(salen)(H20)~ traced to
the ground state structural distortion.
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It is quite well-known that polymerisation of phenylacetylene and other alkynes can
be effected by using group VI metal carbonyls (or metal carbenes) under photolytic
conditions (Katz et al 1984; Landon et al 1985) or by employing derivatives of these
metal carbonyls in the form of arene complexes under thermal conditions'. (Woon and
Farona 1974). This study shows that neither photolytic conditions nor the preformed
arene complex are necessary to synthesize polyphenylacetylene from phenylacetylene.
This technique involves generation of the appropriate arene metal complex in situ by
addition of the arene to a slurry of the metal carbonyl in cyclohexane for six hours.
Phenylacetylene was allowed to polymerise in this broth and the product in high yield
and purity was isolated by precipitation with methanol. The polymers thus obtained
had high molecular weight and also displayed high electrical conductivity when doped
with iodine. These results as well as the effectiveness of this catalytic system in
bringing about ring-open-metathetical-polymerisation of cyclic olefins will be
discussed in detail in this paper.
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Effective methods of syntheses of oxopolymetalates have been found to vary with the
specific identity of metals. Syntheses of most of the isopolymetalates have so far been
achieved by the treatment of alkaline MO~(n = 2 for Mo and W and 3 for V) solution
with H +. However, this approach does not yield [W6Ot9] 2- (1) and FM02OT] 2- (_2).
The previous isolation of both the compounds was rather serendipitous. Herein we
report that treatment of a WO3 solution of H202 with PPh4CI and PPN (Ph3 P=
N+:PPh3) directly yields the hexatungstate FW60~9] 2- obtained as the salts
ofthe above mentioned counter-ions. The structure ofthe PPN salt has been characterised by X-ray diffraction; a = 10-526(5), b = 25.84(1), c = 15.21(9)A, ~ = 118.00(5) ~
monoclinic space group P21/c, Dco~=2"258gcm-3; Z = 2 , R = 6 " 3 % for 3011
observed reflections. The W 6019 unit may be viewed as made up of six distorted WO e
octahedra bonded via shared edges with one O-atom common to each of the six. The
oxygen atom in common is located on a crystallographic inversion centre and is
equidistant from six tungsten atoms. The oxopolymolybdates, FMo2OT] 2-,
FMo6019"] 2 - and [:Mo702416- have been obtained via oxygen transfer reaction
from a peroxomolybdate [Mo202(~2-O)(O2)4(H20)] 2-, obtained by the treatment
of H O O H on MOO3. In the case of dimolybdate, the oxygen acceptor is Ph3P, while
Ph3GeCI functions as an oxygen receptor for the generation of higher
polymolybdates. (PPN)2[Mo207] has been characterized by single crystal X-ray
diffraction; a = 15.712(7), b = 20"739(13), c = 19.521(9)A, ~ = ~ = y = 90 ~ rhombohedral space group Pcob, Dcozc= 1"442g m c m - 3 , Z = 4 , R = 5"5% for 1961 observed
reflections. Contrary to the structure of (n-C4H9)4N-salt, here the M o - O - M o axis is
linear, and M o O 3 groups are staggered with respect to each other.
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The properties of gold(II) complexes (197Au I = 3/2) with hard and soft donor ligands
are described. The EPR results indicate that the highest occupied molecular orbital
has appreciable contribution from the sulphur donors of the ligands. Binuclear
gold(II) complexes give well resolved seven-line EPR patterns originating from two
gold nuclei revealing exchange interaction between metal centres.
When these complexes are reacted with chosen ligands containing nitrogen donors,
the solution spectrum changes from a four-line/seven-line pattern to a three-line
pattern with an intensity ratio 1:1:1. This arises due to interaction of the unpaired
electron with nitrogen nucleus (1 = 1) of the incoming iigand.
Interesting results are obtained in the reactions of purine and pyrimidine bases as
well as a few nucleosides with some of these complexes. With adenine, cytosine and
cytidine, a three-line EPR pattern is observed in each case, while a single-line
spectrum results in the case of adenosine. But there is no change of the EPR spectrum
when guanine or uracil is added and a similar result is obtained with histidine also.
Hence, it is the A-T part rather than G - C part that is affected in gold-drug interactions.
Most of these compounds readily react with cysteine, and the product gives strong
EPR signals. It is the thiol group of cysteine that is expected to be involved in this
reaction. From the study of the mechanism of action of gold-drugs in the treatment of
rheumatoid arthritis it has been concluded that gold ion has a high tendency to bind
to sulphur-containing groups in enzymes and proteins, and that gold(I)thiol drugs
inhibit enzymes in which a free SH group is necessary for the manifestation of its
activity.
'
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