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ABSTRACTS
Photoelectrochemical studies of porphyrin-modified electrodes
J BASU and K K ROHATGI-MUKHERJEE
School of Energy Studies, Department of Chemistry, Jadavpur University, Jadavpur, Calcutta
700 032, India
Porphyrin and phthalocyanine, because of their stability, planarity, suitable redox potential and absorption
characteristics have been widely used to modify electrodes for photoelectrochemical conversion of solar
energy. It has been observed that electropolymerisation technique is a very convenient method for coating an
electrode which generates reproducible photovoltage and photocurrent as well as good fill factor when set up
in a suitable photoelectrochemical device. In our previous work (Basu and Rohatgi-Mukherjee 1988, 1992)
using vinyl substituted porphyrin, good photovoltage and fill factor could be obtained though photocurrent
generation was not very efficient. With the objective of improving the performance of the photoelectrode,
electropolymerisation of amino and hydroxy substituted tetraphenylporphyrin has been attempted. Amino
groups are known to give highly conducting polymer films and when attached to photoactive porphyrin
it is expected to improve photocurrent production. Aminoporphyrin polymerised from methylene chloride
solution by oxidative scanning at a platinum electrode shows characteristic cyclic voltammograms when
scanned in CH2CI2-TBAP solution. Similar CV are produced when solutions contain metalloaminoporphyrins. The absorption spectra of the film formed on a transparent SnO2 electrode showed a
characteristic soret absorption band with red shift relative to the solution due to polymerisation. No film
formation is observed when a methylene chloride solution of Zn-complex of aminophenylporphyrin is cycled
to 0.9 V, just beyond the porphyrin radical cation oxidation wave, but extending the sweep to 1.4 V leads to
coating formation. Thus the mechanism of electropolymerisation for aminophenylporphyrins is different
from that of vinyl polymerisation.
Keywords. Photoelectrochemical studies; porphyrin-modified electrodes; conversion of solar energy;
electropolymerisation.
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The use of colloidal Fe 20 3 as a photosensitizer for the graft polymerization of acrylamide
onto cellulose acetate films
S CHATTERJEE, S SARKAR and S N BHATTACHARYYA
Nuclear Chemistry Division, Saha Institute of Nuclear Physics, 1/AF, Bidhannagar, Calcutta
700 064, India
During recent years the photochemistry of synthetic polymers attracted wide attention and attempts have
been made to modify their properties in the solid state. The photoinitiated graft polymerization reaction of
vinyl monomers with synthetic polymers is one such modification reaction. In these reactions, the activation
of the substrates leads to the formation of macro radicals on the polymer molecules, which form the active
sites for graft polymerization of monomers on it.
Photoinitiated graft polymerization reactions require the use of some photosensitizers, such as diethoxy
acetophenone, benzoin ethers etc. These photosensitizers get excited by absorbing UV light, decompose into
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active radicals which abstract H-atoms from the polymer backbone and create active sites for the initiation
of graft polymerization.
In the present investigation, we have utilized the semiconductor properties of colloidal Fe2Oa, which
absorbs visible light from a 450-watt xenon lamp, as a result of which the electrons are excited to the
conduction band, leaving behind holes in the valence band. These holes may act as active species to abstract
H-atoms from cellulose acetate, the polymer substrate used here, thus creating active sites where the grafting
of the monomer acrylamide takes place. MV 2. is, however, used as an electron scavenger, to prevent the
recombination of e- - h § Normally~ the grafting of acrylamide is possible by UV irradiation and not by
visible light. Thus, this is an effective method for the utilization of solar energy.
The extent of grafting is measured by the increase in weight of the cellulose acetate film or its add-on
percentage. The extent of grafting is being studied by varying the period of illumination and the
concentration of acrylamide and Fe20 a.
IR spectral measurements of the grafted film were carried out to determine the extent of grafting. Surface
studies of the grafted and ungrafted films have been done by scanning electron microscopy.
Keywords.
radicals.

Photosensitizer; graft polymerization; cellulose acetate films; synthetic polymers; macro

Photolysis of benzoin ethers included in silicalites
G K DASMAHAPATRA, THOMAS WOLFF and GUNTHER VON BUNAU
University of Siegen, Institute fur Physikalische Chemie, Adolf Reichwein Strass-3,5900
Siegen 21, Germany
Photolysis studies on benzoin ethers are of great importance due to the radicals which can initiate the
formation of vinyl polymerisation. Although a lot of work has been performed in solution, studies on porous
materials are very few. The photolysis mechanism of benzoin ethers is given in scheme 1.
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Scheme 1.

In solution, type I is the main pathway. Type II products need the benzoin ether molecule to be in the cis
configuration, which can be achieved by adsorbing the molecule on the surface of the silica gel where
hydrogen bonding can orient the molecule in its c/s configuration, including into the supercage of the micelles or
in cyclodextrin complexation. In a very special case, as in case of zeolites of faujasite type having dimensions
of 13 ,~ and a free metal cation (Na § ), complexation can orient the molecule in the cis configuration, space
not being restricted by the dimensions.
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In our present study we carried out the photolysis of benzoin ethers in silicalite ( > 90% SiO 2), the products
being analysed by G C - M S and matched with expected products previously synthesized. Type I rearranged
products and type lI products are completely hindered and we obtain a lower amount of type I products. The
channel dimension of silicalite is in the order of 5.8 .~ and does not have any free metal cation. It is a very
simple type of zeolite and serves three purposes: (1) hydrogen bonding is not possible as it is pure SiO2;
(2) does not have free metal cations for complexation; (3) does not have enough space for the cis
configuration to lie in the channel. Hence it is obvious that type II products and type I rearranged products are
hindered. The low yield of type I products is probably due to the restriction on the translational motion of the
free radical.

Keywords.

Photolysis studies; benzoin ethers; silicalites; vinyl polymerisation.

Conformational effects in Norrish i i reactions: Photochemistry of cis and transMbenzoyl-2-benzhydrylcyclohexanes
S N DHAWAN
Department of Chemistry, Kurukshetra University, Kurukshetra 132119, India

Cis(I) and trans(II) isomers of 2-benzhydryb 1-benzoylcyclohexane have been prepared and the structure ot
the trans-isomer has been established through X-ray crystallography. Surprisingly enough the trans-isomer
crystallizes in the diaxial rather than the diequatorial conformation. Photolysis of the trans-isomer(II) in
bexane with light from a 450 W Hanovia medium pressure mercury lamp gave only the cyclization products,
viz., cis-7,8,8-triphenylbicyclo[4,2,0]-octane-endo-ol
(III, 76%) and 2-benzhydryl-6-exo-phenylbicyclo
[3, 1, 1] heptan-6-ol (IV, 3%) through a 1,4-biradical intermediate. The former (III) cyclobutanol results
through the ee-conformation and the latter (IV) through the aa-conformation of the biradical. In contrast, the
photolysis of the cis-isomer, under identical conditions, gave a complex mixture of fragmentation products to
the exclusion of any cyclization products.

Keywords.

Conformational effects; photochemistry; benzhydrylcyclohexanes.

Spectra and molecular conformation of ~,-naphthil
DIPANKAR SEN and SUBHASH Ch BERA
Department of Chemistry, Jadavpur University, Calcutta 700032, India
Molecular electronic spectra related to conformation change not only draw the attention of experimental
spectroscopists but are of great interest to theoretical chemists also. The change of molecular energy levels
with respect to angular overlap of orbitals can be experimentally verified in a limited number of aromatic
diketonic benzil series. These molecules consist of two identical halves and their planes are perpendicular to
each other resulting in a small overlap of orbitals across the two halves of the molecule. In the excited state or
in a strained ground state of such molecules, change of interplanar angle can cause a drastic change of the
spectral characteristics.
In the benzil series, ~t-naphthil contains two identical naphthoyl halves with an interplanar angle of 87 ~
Spectroscopically we have characterised two ground state conformers in alcoholic glass at 77 K. The major
species absorbs strongly at 337 nm and phosphoresces green with bands at 520 and 557 ran and has a lifetime
of 50 ms, The minor species absorbs strongly at 378 nm (detected only in excitation spectra) and phosphoresces
with bands at 502 and 535 nm and has a lifetime of 1 ms. In fluid media the major species relaxes and
phosphoresces at 579 nm (changed from 520 and 557 nm) but phosphorescence of minor species in fluid media
could not be detected. The fluorescence of the compound is prominent in fluid media and seems to arise from
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unrelaxed forms. The fluorescence from major species appears at 418 nm with a lifetime of 9"2 ns, whereas
that of the minor species appears at 455 nm with a lifetime of 4.4 ns.
Keywords.

Molecular conformation; molecular electronic spectra; ~,-naphthil.

Photoreorganization of s o m e

styryichromones: Synthesis of pyranobenzopyrones

S C GUPTA, N S YADAV and S N DHAWAN
Department of Chemistry, Kurukshetra University, Kurukshetra 132119, India
A single-step light-induced synthesis of hitherto unknown [3,2-b]pyranobenzopyrones is described.
Photolysis of 3-benzyloxy-2-styrylchromones(I) yields 2,3-diphenyl-2,3-dihydro[3,2-b'lpFrano-10-oxo10H-benzopyranes whereas that of 3-ailyloxy-2-styrylchromones(II)gives 4a-styryl-4a-lOa-dihydro[3,2-b]
pyrano-10-oxo-10H-benzopyranes. Both these transformations occur through a ~,-hydrogen abstraction
giving initially a 1,4-biradical which subsequently isomerises to a 1,6-biradical prior to ring closure. In
the former (1), isomerisation involves the styryi moiety while in the latter (II), it involves the allylic moiety.
3-Methoxy-2-styrylchromone, however, behaves differently to yield a photofragmentation product.
Keywords.

Styrylchromones; pyranobenzopyrones; biradical; photoreorganization; photofragmentation.

Spectrophotometric and flush photolytic studies of 2-carboxy, 2'-hydroxy, 4'-methylazobenzene
MANABENDRA SAHU, MANJUBIKASH SAHA and SUBHASH Ch BERA
Department of Chemistry, Jadavpor University, Calcutta 700 032, India
2-Carboxy, 2'-hydroxy azobenzenes are biologically important functional groups in the antibody-antigen
reactivity. We have synthesised the 2-carboxy, 2'-hydroxy, 4'-methyl azobenzene dye and studied the
compound spectrophotometrically as well as flash photolytically. The compound itself absorbs at 353 nm in
neutral pH. In the presence of alkali, it gives a dianion absorbing at 400 rim. We could not detect monoanions
in the aqueous medium but on changing the solvent from water to aqueous-acetonitrile (1:1), the monoanion
of the compound could be detected, which absorbs at 480 nm. The monoanionic nature of the compound has
been confirmed by spectrophotometric titration. The flash photolytic studies of the compound in aqueous
medium produces monoanions as transients from dianions. We have studied the fluorescence of the compound
at different pH values. It shows a fluorescence peak at 426 nm as the neutral species. The salts of the compound
do not fluoresce.
Keywords. Spectrophotometry; flash photolytic study; azobenzenes.

Photophysies of some laser dyes under high density of excited molecules
V MASILAMANI and D SASTIKUMAR
Department of Physics, Anna University, Madras 600025, India
Photophysics of some laser dyes were studied by conventional methods (absorption and fluorescence
measurements) as well as high power pulsed laser excitation in different solvent environments. The dyes show
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dual superradiance in certain solvents under high excitation power density, while under low excitation power
density there is only one fluorescence band corresponding to the shorter wavelength superradiance, which is
similar to the fluorescence spectrum observed by conventional methods. This shows the existence of different
photophysical phenomena in the above condition where excited dye molecules are crowded together,
Study of the cha~'acteristics of dual superradiance suggests that the species emitting the longer wavelength
superradiance are formed due to association of two excited dye molecules with a solvent molecule. This new
species is termed "Superexciplex".
Keywords.

Photophysics; laser dyes; superradiance; high excitation power density.

Effect of solvent on fluorescence quenching: 1-Naphthol-carbon tetrachloride system
PRADIPTA KUMAR BEHERA and ASHOK KUMAR MISHRA
P G Department of Chemistry, Sambalpur University, Jyoti Vihar 768 019, India
Haloalkanes are known to quench the fluorescence of aromatic hydrocarbons. Various explanations offered
to explain the quenching have been via the formation of non-emissive exciplexes, ground state complex
formation etc. Although earlier workers have focussed their attention on the nature of the fluorescer and the
quencher, no appreciable thought has been given to the role of solvents in the process of quenching.
In the present work, the quenching of l-naphthol (ROH) fluorescence by carbon tetrachloride (CCI,) in
dioxane-acetonitrile solvent mixtures have been studied. It has been observed that there is a positive deviation
from Stern-Volmer quenching at higher quencher concentration. A model including ground state complex
formation between ROH and CCI4 is shown to account for the quenching behaviour satisfactorily. The
ground state complexation constant (Ko) and the Stern-Volmer quenching constant (K,v) have been
estimated in each solvent and the variations of these constants with the solvent dielectric constant have been
studied.
Keywords.

Fluorescence quenching; aromatic hydrocarbons; 1-naphthol-carbon tetrachloride system.

Photochemical synthesis of benzothiazoles
S MUTHUSAMY t, V T RAMAKRISHNAN t and P RAMAMURTHY 2
1Department of Organic Chemistry and 2Department of Inorganic Chemistry, School of
Chemistry, University of Madras, Madras 600 025, India
In continuation of our work on the photo-Fries reaction, we have studied orthohalogenothioacetanilides.
Irradiation 'of orthohalothioacetanilides furnished the 2-methylbenzothiazoles as the major product instead
of the Fries reaction product. In continuation of the above work, we report here the results of our study on the
irradiation of halo-substituted 1-indolethio carbanilide.
Irradiation of l-indole th/ocarbanilide in methanol gave no characterisable product. Even in the presence
of a catalytic amount of iodine, the expected photocyclisation did not take place. However, photolysis of
l-indolyl-orthohalothiocarbanilides was studied in methanol as well as in benzene medium. It was observed
that the cyclisation to benzothiazoles takes place with almost the same efficiency in both media to give good
yields. The mechanism could be considered to involve photo-induced cleavage of the aryl-halogen bond with
subsequent elimination of hydrogen halide from the tautomeric enol form of the thioamide creating a diradical
in the solvent cage, which could undergo cyclisation to give 2-(l-indolyl)-benzothiazoles. It was also of
interest to synthesize bisbenzothiazoles at the above irradiation conditions. Irradiation of the N,N'-bls(2chlorophenyl)-thioadipamide in methanol at 254 nm furnished the cyclised bis-benzothiazole. The product
was isolated by preparative TLC.
As an extension of the above photochemical study, we have synthesised benzothiazolo (2, 3-b) quinazol-12-
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ones. The 3-aryl-2-thioquiniazol-4-ones (prepared from anthranilic acid and o-halo phenyl isothiocyanates
by refluxing in alcohol) were irradiated in methanol to obtain the respective cyclised products i.e.,
benzothiazolo (2,3-b) quinazol-12-ones.

Keywords. Photochemical synthesis; photo-Fries reaction, o-halogenothioacetanilides; halo-substituted
1-indolethio carbanilide.

Photoelectrochemical studies in molten amides - n- and p-type layered dichalcogenides
S SAMPATH and R NARAYAN
Department of Chemistry, Indian Institute of Technology, Madras 600036, India
Layered dichalcogenide semiconductors have been extensively tried in photoelectrochemical cells for solar
energy conversion purposes. Non-aqueous solvents are expected to minimize the photocorrosion of the
semiconductors. PEC studies with molten solvents are scarce.
In the present studies, molten acetamide at 85~ and a mixture of acetamide, urea and ammonium nitrate
(25-85~C) have been used as the solvents, n-MoSe s, n-WSes and p-MoSe s have been used as the
semiconductors. Flat band potentials (Etb) are obtained using Mott-Schottby plots from capacitance
measurements. The Efb. potentials shift to more positive values with increasing temperature. An explanation
is attempted. The reductions of quinones viz anthraquinone, naphthoquinone, benzoquinone and
phenanthraqninone are found to be single-step, two-electron processes and are found to occur in the dark.
Quasi-metallic behaviour is inferred in the case of n-type semiconductors and large band bending is
inferred in the case of p-type electrodes. On illumination the reduction peak potentials shift in the positive
direction, 0"01 V in the case of n-type but by 0'SV in the case of p-type materials. There is 40% increase
in peak currents on illumination.
Keywords. Photoelectrochemical studies, molten amides, n- and p-type layered dichalcogenides; solar
energy conversion.

Effect of cyclodextrin encapsulation on photo-Fries rearrangement
M C DURAl MANICKAM 1, C SRINIVASAN1 and K PITCHUMANI s
1Department of Materials Science and 2School of Chemistry, Madurai Kamaraj University,
Madurai 625 021, India
Though photo-Fries rearrangement of phenyl esters and anilides has been extensively studied (Nassetta et al
1988; Syamala et a11988), no such studies have been made on the sulphonate esters and sulphonanilides. The
present work describes the results of our investigation of the photo-Fries rearrangement of sulphonanilides
and the effect of cyclodextrin (CD) encapsulation on the reaction. Several sulphonanilides Ar-NHSOs-R
with different Ar and R were prepared and irradiations were carried out in organic solvents, methanol and
benzene. To analyse the influence of fl-CD on the photo-Fries rearrangement, CD complexes were prepared
and irradiated in aqueous solutions containing equal (1:1) amounts as well as excess of fl-CD (1:5).
Photolysis of solid fl-CD complexes were also studied. The products were characterised on the basis of their
~H-NMR and IR spectral studies. An analysis of the product distribution upon photolysis of the substrates in
isotropic medium and of their CD complexes (in aqueous solution as well as in solid state) indicates that CD
encapsulation brings about significant changes in the product distribution. The observed results are
rationalised on the basis of the influence of CD complexation resulting in molecular traffic control i.e. the
geometrical restrictions imposed on the movements of the radicals produced upon photolysis by the host
molecule.
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Keywords. Cyclodextrin encapsulation; photo-Fries rearrangement; sulphonate esters; sulphonanilides.
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Excited state electron transfer reactions of NADH model compounds with organic
sulphoxides
M ROJA 1, S RAJAGOPAL 1 and C SRINIVASAN2
1School of Chemistry and 2Department of Materials Science, Madurai Kamaraj University,
Madurai 625021, India
The reduced form of nicotinamide adenine dinucleotide (NADH) plays the role of reductant in many
biological reduction processes. The reduction of organic substrates such as quinones, carbonyl compounds
and alkenes with NADH model compounds has been studied extensively in order to understand the
mechanisms of enzymatic reductions of substrates by NADH. Though the photochemical oxidation of
organic sulphides and sulphoxides received considerable attention, the reduction of sulphoxides has not been
attempted so far (Fuknzumi et al 1987; Clennan and Chen 1989). In the present study, the photochemical
reduction of several alkyl aryl sulphoxides with the NADH model compound l-benzyl-l,4dihydronicotinamide (BNAH) in acetonitrile has been investigated by luminescence quenching technique.
The quenching constant, kq, is highly sensitive to the nature of the substituent in the aryl moiety and alkyl
group of the sulphoxide ArSOR (kq values are in the range 1.0 x 109 - 8.0 x 1011 M - i s- 1). Both electronreleasing and electron-withdrawing groups in the phenyl ring accelerate the rate of reduction giving concave
upward Hammett plots. This behaviour of sulphoxides is explained by a mechanism involving the reaction
initiated by electron transfer followed by proton transfer to yield organic sulphide finally as the product. The
influence of solvent and added metal ions Ru(bpy)~ + an d Mg 2+ on the reduction reaction has also been
studied.
Keywords. Organic sulphoxides; model compounds; NADH model compounds; excited state electron
transfer reactions.
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Ground and excited-state proton-transfer and hydrogen-bonded ion-pair formation in
4-methyl-2,6-diformyl phenol-amine systems in protic solvents
REBA RAY and SAMARESH MUKHERJEE
Department of Physical Chemistry, Indian Association for the Cultivation of Science,
Jadavpur, Calcutta 700 032, India
The interaction of 4-methyl-2,6-diformyl phenol (MFOH) with tributylamine or trioctylamine has been
studied quantitatively in protic ,4olvents by means of electronic absorption and fluorescence spectroscopy
with special regard to proton transfer. It is observed that: (a) the intensity of the absorption band in the 430450 nm region due to the 4-methyl-2,6-diformyl phenolate anion (MFO-) increased with increase in amine
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concentration; (b) the change in the intensity of the absorption band in the 352 nm region due to MFOH
followed inversely the change in the intensity of the absorption band in the 430-450 nm region; (c) the
intensity of the fluorescence band around 480-520 nm due to the M F O - anion and hydrogen-bonded
ion-pair formation increases with increase in amine concentration.
The results are interpreted to support the existence Gf a tautomeric equilibrium between an undissociated
MFOH and a hydrogen-bonded ion-pair of MFOH in the ground state, and a single species (hydrogenbonded ion-pair) in the excited electronic state. The equilibrium data for different kinds of equilibria in
ethanol, butanol and water have been obtained.

Keywords.

Excited-state proton transfer; hydrogen-bonded ion-pair formation; protic solvents.

Higher excited states and photophysical processes of acenaphthylene
A SAMANTA
School of Chemistry, University of Hyderabad, Hyderabad 500134, India
The higher excited states play a very minor role in dictating the photophysics and photochemistry of a
polyatomic molecule in condensed media because of rapid cascade of excitation to the first excited singlet
state ($1). Contrary to this general formulation, cases can be found which do not follow such a rule.
Acenaphthylene is one such example.
In the present study, the rol o of the higher excited states of acenaphthylene in radiative and nonradiative
processes is investigated. Dual emission ($2--* So and S~ --, So) observed on laser excitation of a solution
of acenaphthylene, in violation of Kasha's rule, has been accounted for in terms of energy gap law. Excitation
wavelength dependence studies of normal fluorescence indicate the involvement of higher excited singlet and
triplet states in intersystem crossing. This has been confirmed by laser flash photolysis studies and room
temperature phosphorescence studies. Quantitative estimates of the efficiencies of various nonradiative
processes have been made.
Keywords.

Higher excited states; photophysical processes; acenaphthylene; laser flash photolysis.

Photochemical studies on the formation and homolysis of cobalt-carbon bonded
compounds
E NATARAIAN, S SELVARAJ and P NATARAJAN
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600 025, India
Photolysis of the cobalt(IlI) polypyridyl complexes containing aminoacid ligands in the chargetransfer bands leads to the formation of cobalt-alkyl bonded complexes. The formation of cobalt-alkyl
complexes was investigated by flash protolysis method. PhotolyticaUy produced cobalt(II)-aminoalkyl
radical undergoes an intramolecular redox reaction giving cobalt(Ill)-alkyl complex (Natarajan and
Natarajan 1989). In the case of Co(bpy)2Gly 2+ (bpy=2,2'-bipyridine and Gly=glycine) a stable
Co(bpy)2(CH2-NH2) 2+ complex is formed. However, when one of the bpy is replaced by an amine the
cobalt-alkyl complex formed is unstable. Kinetics of the reaction has been studied in detail. Photolysis of
cobalt-alkyl complex leads to a homolysis reaction in the case ofCo(dmg)2 RX (where R is C2 H5 or CH3 and
X is PPh3 or pyridine). The photolysis reaction studied by laser flash photolysis technique shows the
formation of cobalt(II) complex. It is suggested that homolysis of the cobalt-carbon bond occurs within
200 ns. Homolysis of the cobalt-carbon bond is accompanied by the slow formation of a new cobalt-alkyl
species as earlier proposed by Maillard and Giannotti (1979).
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Chromism in p o l y d i a c e t y l e n e s
S S TALWAR
Department of Chemistry, Indian Institute of Technology, Bombay 400 076, India
Polydiacetylenes which are obtained in the solid state polymerisation of diacetylenes are known to exhibit
photo-, thermal- and solvato-chromism. Chromism has been observed in solids, thin films and solutions.
We have studied important results on chromism of polydiacetylenes from literature and have carried out
investigations on polydiacetylenes containing aromatic conjugating side groups. Origins of the chromic
changes have also been studied.

Keywords. Polydiacetylenes; chromism; solid state polymerisation.

Synthesis, photophysical and -chemical properties of thiazine dyes bound to
macromolecules
K VISWANATHAN and P NATARAJAN
Department of Inogranic Chemistry, University of Madras, Guindy Campus, Madras 600 025,
India
Thionine dye has been condensed with the macromolecule poly(N-acrylamidoglycollic acid) (see structure).
The resulting thionine bound to macromolecule is soluble in water.
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The absorption and emission spectral studies of the macromolecular bound thionine have been carried
out. Pure thionine in water has an absorption maximum at 600 nm whereas polymer-bound thionine shows a
broad absorption (500 nm to 600 nm). As the broad absorption occurs for different polymer-bound thionine
samples having mid values 130, 260, and 720, the absorption may not be attributed to aggregation of dye
molecules. The emission maximum for polymer-bound thionine and pure thionine are 620 nm and 630 nm
respectively. The excitation spectrum of the polymer-bound thionine resembles the absorption spectrum of
pure thionine. The fluorescence lifetimes of polymer-bound thionine having different mid values and pure
thionine have been determined. Pure thionine has got a single exponential decay having a lifetime of 303 ps.
All the polymer-bound thionine samples show a biexponential decay. It is evident from the data that the
lifetime of thionine increases when it is bound to the macromolecule. The emitting species are suggested to be
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the thionine dye buried inside the polymer coil and the dye present at the outer edge of the coil of the
macromolecule known to be present in solution in a coiled form.
Keywor~.

Macromolecuies; photophysical and -chemical properties; thionine dyes.

Study of monolayer assembly of J-aggregates of cyanine dye without long alkyl chains
and its use in multiple wavelength optical recording
ARUNA DHATHATHREYAN 1 and K S DHATHATHREYAN2
Chemical Laboratory, Central Leather Research Institute, Adyar, Madras 600 020, India
2SPIC Science Foundation, Guindy, Madras 600032, India
J-aggregates of the cyanine dye I have been prepared at the air-water interface and their spectroscopic
behaviour has been studied. Two methods have been employed for the formation of these aggregates.
(i) Mixtures of the dye and stearic acid in molar ratio 1:1 to 1:9 were spread on pure water, and (ii) a
monolayer of stearic acid was spread on a surface containing the dye molecules.
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I _
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The reflection spectra measured indicate the formation of J-aggregates at 775 nm which is red-shifted from
that of the dye monomer at 645 nm. The monolayer including the dye has been transferred onto solid support as
Y-type multilayers at about a surface pressure of 30 mN/m to form the Langmuir-Blodgett films (LB films).
An optical storage technique based on the absorption band of the J-aggregate of the dye in LB films has
been devised. The information is written by disordering the regular structures of the J-aggregates with a laser
beam. This technique gives high recording sensitivity and the disordered dye molecules can be made to
reform the aggregates which indicate that the recording process is reversible.
Two features make this type of medium particularly suited to multiple wavelength recording. The
absorption band of the dye J-aggregates is much narrower than the absorption spectra of the solid films of the
same dye formed by coating methods. The technique of LB films by building up molecular monolayers
provides a convenient method for stacking a number,of uniform, thin dye recording layers.
The work was carried out at the Max-Planck Institute for Biophysical Chemistry, G6ttingen, Germany.
Keywords.

Monolayer assembly; multiple wavelength; optical recording; J-aggregates; cyanine dye.

Nuclear localisation of GTP binding proteins in etiolated avena seedlings
BASANTI BISWAL 1 and PILL-SOON SONG 2
1School of Life Sciences, Sambalpur University, Jyotivihar 768 019, India
2Department of Chemistry, University of Nebraska, Lincoln, NE 68588-0304, USA
The possibility of nuclear localisation of GTP binding proteins responsible for photosignal transduction
is examined in etiolated arena seedlings. The radioactive structural analog of GTP binds to isolated nuclei
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from the seedlings, suggesting the presence of GTP binding protein. The presence of the protein in the organelle
is further confirmed by using Western blot analysis with antibodies raised against animal G-proteins. Our
results suggest that at least two GTP binding proteins of apparent molecular masses of 24 and 75 kDa
are localised in arena nuclei. The preliminary results suggest that binding of GTP to GTP binding protein is
controlled by light.
Keywords. GTP binding protein; etiolated avena seedlings; photosignal transductions.

Efficient photocatalytic degradation of methyl vinyl ketone in aqueous semiconductor
suspension
S DAS 1, M MUNEER 1, A HARIDAS 2 and V B MANILAL 2
1Photochemistry Research Unit, and 2Process Engineering Division, Regional Research
Laboratory, Trivandrum 695019, India
Photoredox reactions induced by electrons (e-) and holes (h + ) photogenerated by band gap excitation of
semiconductor particles can be effectively used for the treatment of recalcitrant chemical environmental
pollutants~ Methyl vinyl ketone (MVK) is a known industrial waste-water pollutant and its presence is toxic
to several biochemical waste-water treatment systems. The present investigation deals with the
photocatalysed degradation of MVK by titanium dioxide (Tie2). Irradiation of aqueous solution of MVK
containing T i e z and oxygen leads to a rapid depletion of MVK. It is proposed that the (e- h+) pair generated
on illumination oxidises water to generate hydroxyl radical and the electron reacts with oxygen to form
superoxide. The subsequent reactions of these radicals with MVK is proposed to lead to the degradation of
MVK. The rate of oxidation is studied as a function of MVK as well as Tie2 concentration. The yield of
carbon dioxide formed due to the total oxidation of MVK has been measured.

Keywords. Photocatalytic degradation; methyl vinyl ketone; aqueous semiconductor suspension.

Nucleophilic aromatic photosubstitutions on methyl acridinium ion: A new photo-affinity
technique
R JAYAKUMAR 1, T RAMASAMI 1, M JULLIARD 2 and M CHANON 2
1Central Leather Research Institute, Adyar, Madras 600020, India
2Laboratoire de Chimie Inorganique, Facult~ de Science ST Jerome, 13397 Marseille, France
Oxidation of primary amino groups in biosystems is of fundamental importance to the understanding of the
function of biogenic amines and crosslinking in connective tissues. In the case of light-induced reactions, the
implication of excited states and their electron affinities as well as their ionization potentials, also needs to be
taken into account. The precise mechanistic understanding of photoreactions in complex biosystems
involving primary amino groups derived from side chain lysine residues is difficult. A study of such reactions
derives importance in view of the implication of oxidative deamination of lysine residues in the ageing of
collagen on the one hand and the reports of accelerated ageing of live tissues under photolytic conditions on
the other.
A mechanistic study of the photoreduction of several alkyl amines and peptides containing lysine residues
with methylacridinium ions has now been made. The photoinduced reaction of n-alkylamine and model
peptides has been investigated by irradiation at ~ = 450 nm at 298 K in acetonitrile as solvent. The reaction
can be considered a nudeophilic photosubstitution in methylacridinium and it can be used as a model for
photo-affinity.
Photosubstitution by amines takes place at the 10-position in the methylacridinium ion. An equal amount
of dehydromethylacridine is formed in the reaction, for which an eiectron-transfer mechanism with hydride
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transfer pathway has been suggested. The dependence of the quantum yields of the photoreduction on the
ionization potential has been observed. An effort has been made to assess the systematic variations of the
photoreaction pathways with local site structures and amino groups.
Keywortls. Nucleophilic aromatic photosubstitutions; photo-affinity technique; methyl acridinium ion.

Effect of UV-A on oxygen evolution during dark-induced senescence of wheat leaves
P N JOSHI and U C BISWAL
School of Life Sciences, Sambalpur University, .Iyotivihar, Sambalpur 768 019, India
The UV-A irradiation of primary leaves of wheat enhances dark-induced loss of chlorophyll and protein
during aging. However, UV-A irradiation followed by exposure of leaves to visible white light or red pulses
retards UV-induced loss in the pigment and protein. Chloroplasts isolated from UV-irradiated leaves exhibit
decline in oxygen evolution and loss of proteins associated with the oxygen-evolving complex of the
thylakoid membrane.
Keywords.

UV-A irradiation; dark-induced senescence; aging of wheat leaves.

Photochemical activation of carboxyl groups: Applications in peptide synthesis
C L JOSHY 1 and E PURUSHOTHAMAN 2
t School of Chemical Sciences, Mahatma Gandhi University, Kottayam 686 631, India
2Department of Chemistry, Calicut University, Calicut 673 635, India
Conventional methodology for the activation of the carboxyl group has greatly relied upon conversion of the
carboxylic acid to a species (acyl halide, mixed anhydride, active ester etc.) in which the carboxyl moiety
possesses enhanced reactivity towards nucleophilic attack. All these methods require somewhat drastic
conditions such as the use of a base. Although considerable chemical modification has been introduced into
these techniques, especially in peptide synthesis, there remains the need for activation under mild and neutral
conditions. Form this view point, the photochemical model of activation is an ideal one. We have studied
the photochemical activation of carboxyl groups via benzoxazole-2-thione and benzothiazole-2-thione. The
carboxyl groups are derivatized with the thiol function formed by the tautomerisation of thiones. The kinetic
product (S-acyl derivative) may undergo a facile S--, N thermal rearrangement to yield the N-acrylated
derivative (Burton and White 1980). These acyl derivatives are photochemically activated by irradiating in
the presence of nucleophiles such as amines, amino acids and alcohols. The respective amides and esters
formed are characterized. The derivatization of benzoxazole-2-thione and benzothiazole-2-thione with Nprotected amino acids and its photochemical activation with amino acids are also described. The application
of the photochemical attivation of carboxyl groups in the synthesis of racemization-free coupling of peptides
and the mechanism of photocoupling have also been studied.
Keywords. Activation of carboxyl group; peptide synthesis; nucleophilic attack.
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In d t r o p h o t o d y n a m i c activities o f p o r p h y r i n s a n d " e x p a n d e d " p o r p h y r i n s

BHASKAR G MAIYA
School of Chemistry, University of Hyderabad, Hyderahad 500134, India
Essential aspects of the developments in photodynamie therapy (PDT) of tumours are the design, synthesis
and studies on photoreactivities of new photosensitizers. Here, we present results on the in vitro
photoreactivities of porphyrin and phthalocyanine based "first generation" photosensitizers and on recently
synthesized "second" generation photosensitizers, viz. "expanded" porphyrins. Two classes of"expanded"
porphyrins are chosen: "texaphyrins" and "sapphyrins'. Both these photosensitizers are 22 n-electron
aromatic porphyrin-like maerocycles and they bind to a variety of metal ions.
The key photophysical features related to the PDT uses of porphyrins, phthalocyanines and their metal
complexes have been studied as also the redox and photophysical activities of the "expanded" porphyrins in
organic solvents and also in lipid and protein media. Comparisons have been made of the spectral,
electrochemical and photophysicai data of the second generation photusensitizers with those of the first
generation photosensitizers which include a haematoporphyrin derivative (HpD), a widely used clinical PDT
agent. Finally, it has been shown that the physicochemical properties of the"expanded" porphyrin family of
complexes provide an excellent opportunity for carrying out mechanistic investigations on PDT of tumours
and photodynamic inactivation of enveloped viruses.
Keywords.

Photodynamic activity; expanded porphyrins; photoreactivity.

Study of photodynamic activity on rat fibrosarcoma employing different lasers
S GANESAN 1, V MASILAMANI 1 and B NAGARAJAN2
1Department of Physics, Anna University, Madras 600025, India
2Department of Microbiology, Cancer Institute, Madras 600020, India
Photodynamic therapy is a new method of treating tumours by the combined use of systematically
administered photosensitizers and the local application of light. When irradiated with an appropriate
wavelength of light, the photosensitizer at the tumour site is excited to the triplet state (via the singlet state)
which then becomes capable of reacting directly with tissue components or undergoing interaction with
molecular oxygen in order to produce cytotoxic species such as singlet oxygen and free radicals.
In this context, we have investigated the photodynamic effectiveness of porphyrins (dihematoporphyrin
ether (DHE) and hematoporphyrin derivative (HPD)) on rat fibrosarcoma, a fast growing tumour, at different
wavelengths viz., 337.1 nm from pulsed nitrogen laser, 632.8nm from He-Ne laser and 488 and 514.5nm
from argon ion laser. From the results of our study, it is found that the percentage of cell viability as function
fluence decreases with increase in fluence (at a fixed concentration of the sensitizer) and also it is seen that the
cell viability at a fixed fluence decreases with increase in the concentration of the sensitizer. Among the
two sensitizcrs, DHE is found to have 1"5 times the effectiveness of HPD. Among all the wavelengths,
photodynamic activity (PDA) is good at 337.1 nm but decreases towards longer wavelengths i.e., the PDA at
337.1 > 488 > 514.5 > 632.8 nm.
Keywords.

Photodynamic therapy; rat fibrosarcoma; lasers; treatment of tumours.
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Photochemistry of macromolecular bound porphyrins
V NARAYANAN and P NATARAJAN
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600025, India
Photochemical studies of porphyrins are of current interest in fields extending from chemistry to biology.
Natural photosynthetic processes employ electron transferring agents to impart vectorial charge separation
in order to ensure that the yield of redox ion products from the primary photoreaction is maximal. While
extensive studies exist for several synthetic and naturally occurring porphyrius in nonaqueous media, similar
studies in aqueous media are not many. Hence, we have synthesized several macromolecular bound
porphyrins which are water soluble and studied their photochemical properties. Continuous photolysis of the
macromolecular porphyrins in deaerated aqueous solutions shows no significant spectral change even after
irradiation for one hour with white light. But in the presence of oxygen (air-equilibrated solution) the
porphyrins are decomposed by white light.
Flash photolysis of monomeric and polymeric porphyrins was carried out in non-aqueous and aqueous
media respectively. The transient absorption spectra are found to be similar to the spectra of the triplet state
known for the monomeric porphyrins. The triplet-state lifetimes of the transients are dependent on dissolved
oxygen. The decay of the transients obeyed first-order kinetics. The results obtained for monomeric
porphyrins in nonaqueous solutions and polymeric porphyrins in aqueous solutions are discussed.
Keywords.

Photochemistry; macromolecular bound prophyrins.

The long wavelength emission band at 77 K in cyanobacterium Spirulina platensis and its
association with redox reactions of photosystem I photochemistry
PRASANNA MOHANTY, V SHUBIN, S D S MURTHY and N V KARAPETYAN
School of Life Sciences, Jawahadal Nehru University, New Delhi 110067, India
The cells and membrane preparations of the cyanobacterium Spirulina at 77 K exhibits an intense emission
band. This variable emission band at 755-758 nm, with a half-band width of 34 nm is quite characteristic of
cyanobacterial emission bands, besides the 685, 695 and 730nm emission bands. The corresponding
absorption band for FTss emission corresponds to 5% of total chlorophylls. This band gets photobleached
and the bleaching depends on light intensity. Some 30 to 40% of the initial level of F755 is reversed in a
biophasic manner after 30min dark interval. The intensity of FTs5 is independent of dithionite, but gets
quenched by ferricyanide. Redox titration shows that both variable and constant (zero) level ofF,s5 have the
same midpoint potential as that of P:o o, the primary electron donor to photosystem I of photosynthesis. It is
proposed that Ch1755 is energetically linked to P~oo (cation radical) giving rise to variable emission at
755nm at 77K.
This work was supported by grants from DNES and DST B6-1/88 to PM.

Keywords. Cyanobacterium; Spirulina platensis; redox reactions; long wavelength emission.
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Adsorption and spectral characteristics of acridine dyes on montmorillonite clay and
cellulose
R RAMARAJ 1, K V GOBI 1 and V GOMATHI SANKARESWARI 2
1School of Chemistry and 2Department of Materials Science, Madurai Kamaraj University,
Madurai 625021, India
Acridine dye derivatives have attracted attention as photosensitizers in light-induced hydrogen formation. In
aqueous or micellar media, the unwanted energy-wasting side-reactions of the photoreduced acridine dyes
reduce the efficiency of production of hydrogen from water. It is expected that the solid support (cellulose, clay
etc.) for photocatalysts will bring about change in the chemical properties of the dye molecules and selectivity
in photochemical reactions.
Montmorillonite clay or cellulose-adsorbed 3,6-diaminoacridine (3,6-DAA) or 9-aminoacridine (9-AA)
were prepared. The absorption and emission spectral studies of the adsorbed 3,6-DAA and 9-AA were
carried out. The type of adsorption isotherms obtained for clay-adsorbed dyes lead to the conclusion that the
dyes are adsorbed between the aluminosilicate layers of the clay, while they are adsorbed on the surface of
the cellulose particles. When the amount of adsorbed dye is high, dimers of the dye molecules are formed
between the aluminosilicate layers, and at lower loadings, the dye molecules are present in monomeric form.
It has been found that emission of the adsorbed 3,6-DAA has been quenched not only by the iron
impurities present in the clay but also by other ions such as AI3 +, Mg 2 + present in the clay. Based on emission
quenching and spectral data, the quenching processes are studied.

Keywords. Adsorption; acridine dyes; montmorillonite clay.

Significance of dark phase and structure of Jeewanu on photochemical fixation of
carbon dioxide
S RANGANAYAKI, K BAHADUR and SAJAL KUMAR
Chemistry Department, University of Allahabad, Allahabad 211002, India
Jeewanu, the protocells, have the ability to fix carbon dioxide to unsaturated hydrocarbons in sunlight. After
exposure of one day, a night or dark phase is essential for Jeewanu to regain the ability to fix carbon
dioxide. On prolonged exposure, this ability decreases slowly with the disintegration of Jeewanu structures.

Keywords. Dark phase; photochemical fixation; Jeewanu.

A new expeditious photochemical approach to non-steroidal antiinflammatory agents
H R SONAWANE, D G KULKARNI and N R AYYANGAR
National Chemical Laboratory, Pune 411 008, India
In the world scenario of pharmaceuticals today, 2-aryl propionic acids occupy a special place as nonsteroidal antiinflammatory agents because of their widespread application in medical practice. It is estimated
that this class forms the fourth largest selling group of drugs today in the world. In view of this, the
development of innovative methods for the synthesis of this class of organics has emerged as an area of
intense research (Rieu et al 1986).
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Though the literature is full of numerous methods, a satisfactory solution to the problem of direct
transformation of 2-haloprnpiophenones into 2-arylpropionic acids has still remained unaccomplished~ An
examination of the structural features of 1_revealed that the sp 2 carbonyl carbon geometry is supposed to
inhibit the attainment of the spirocyclopropyl-like transition state implied in the rearrangement (Giordano
'et a11984). A recourse chosen in current practical processes, therefore, involves masking the carbony function
as an acetal (sp 2 --*sp a) to facilitate a rearrangement. It is in this context that an analogous change in the
excited carbonyl carbon was envisaged to promote the rearrangement and we have found that such is indeed
the case (Sonawane et al 1992).
We have studied the interesting alkyl-aryl ketone excited-state mediated 1,2-aryl shift in the class of~-halo
ketones _1leading to a convenient and first direct route for _2in moderate to high yields. An examination ofpsubstituent effects revealed that the nature of the substituent exerts a fine control on the rearrangement
process. The major outcome of this study was the development of an efficient process for the preparation of
Ibuprofen (_3),one of the most important antiinflammatory drugs of today, in high yields (70%). The quantum
efficiency of this transformation is high (0.35) and readily allows the preparation of 3-in multigram quantities
(Sonawane et a11990). The synthesis of the other equally important antiinflammatory agent i.e. Naproxen (_4)
has been also achieved, however, in moderate yields. In constrast, access to 2-arylpropionic acids (_2)by the
conventional base-catalyzed Favorskii rearrangement of 1 is not possible.
0

R~ C I

R/J~ cOOH

•

~C~H

I~'J"~COOH
H)CO

Since only one of the enantiomers of 3_and _4are known to be biologically active, the potential of this
methodology for the EPC synthesis of 3 and _4was also undertaken. Thus S-(+) chloroketone !(R = isobutyl)
when subjected to photochemical transformation, afforded the S-( +)-_3, though in moderate optical yield
(44%). The mechanistic implications of these results were studied.
In essence, this exercise was intended to obtain the first meaningful example of alkyl-aryl ketone
photochemistry in the synthesis of a class of drugs of current importance.
Keywords.

Photochemical approach; non-steroidal antiinflammatory agents.
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A "radiative" theory for radiationless nonadiabatic phenomena
N SUKUMAR
Department of Chemistry, Punjab University, Chandigarh 160014, India
The terms left out of the Born-Oppenheimer approximation are responsible for radiationless nonadiabatic
phenomena. These so-called Born coupling terms arise from the action of the nuclear momentum operator in
the electronic subspace and take the form of gauge fields that appear naturally in the Hamiltonian governing
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the nuclear motion. It is now well-recognised that the Born-Oppenheimer description of molecules can be
cast in a rigorously gauge-invariant form. By second-quantizing this gauge theory, hypothetical particles
called "Bornons" are introduced, in terms of which the quantum theory of radiationless nonadiabatic
processes can be reformulated in a manner analogous to that for radiative processes. Nonadiabatic
phenomena like predissociation and intersystem crossing can then be interpreted in terms of diagrams for
absorption, emission and scattering of "Bornons" by the nuclei in the molecule.

Keywords.

Radiative theory; Born-Oppenheimer approximation; nonadiabatic phenomena.

Production and detection of excited sulphur atoms
T V VENKITACHALAM and A S RAO
Spectroscopy Division, Bhabha Atomic Research Centre, Bombay 400085, India
In the multiphoton excitation/decomposition of CS2, sulphur atoms are pro/luted in the excited 3s23p4
~D2 and 3s23p 4 1So states. These excited atoms are detected by the (2 +~1) REMPI technique, using laser
photons of the same colour. The sulphur atoms are detected at selected laser wavelengths at which
frequencies CS2 also undergoes photodecomposition. The scheme of events can be represented as
hr-*CS*(37~) + S(3P2)'
CS2 2~ CS~ (l D2) "* CS~* --~
.
.
I--~CS(X lye) + S*(XD2, ~So),

S*(1D2,1So)2--~S** ~.~ S +.
The ion signals are collected and preamplified and the output of the box-car integrator is fed into a strip
chart recorder. As shown above, the detection of sulphur atoms involves the absorption of five photons
from the same laser pulse. Many new two-photon excited states from lower 1D2 and IS o have been observed
for the first time.
The lowest electron configuration of S atom is 1s22s22p63s23p4 which gives rise to 3p2,1,o, ID 2 and IS o
states of which aP 2 is the ground state. 3s23p4 tD 2 and 3s23p4 tS o states lie above the ground state at
9239 c m - ~ and 22,180cm- l respectively. Dipole transitions between 1D2 ~ 3P 2 and 1So ~ aP 2 are forbidden.
But in the absence of collisions, the excited ID 2 and 1So return to ground aP 2 state by radiative decay.
These transitions occur at

~D-, aP(3p-- 3p)-, lO,820,~,

tS--, aP(3p- 3p)-,4,489 ~,

1S - , lD(3p - 3p) - , 7,725 ,~.
Sulphur atoms in the excited ID 2 and aSo states can be produced by VUV photodissociation of CS 2
molecules in the gas phase. These forbidden transitions can be exploited for making high gain laser systems.
Keywords. Excited sulphur atoms; photodecomposition.

Kinetics and mechanism of the photochemical substitution reactions of potassium
octacyanotungstate(IV) and 1, lO-phenanthroline
S I ALI and HARPAL K A U R
Department of Chemistry, Jamia Millia Islamia, New Delhi 110025, India
The octacyanocomplex of tungsten is inert to 'thermal substitution but is photoactive. [W(CN)s] 4- when
exposed to UV light turns green with absorption maxima at 360 and 590 nm. When aqueous solutions of
[W(CN)s] 4- and 1,10-phenanthroline are mixed and irradiated at 360 nm, only one maximum is observed
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at 450 nm. The stoichiometry of the reaction determined by physical methods is found to be 1: 1. These
solutions were exposed to light at 365 nm for different intervals of time under an atmosphere of nitrogen.
The colour of the solution changed from yellow to green with a maximum absorption at 450 nm. Pseudofirst-order rate constants for the reaction were calculated. Variations of rate constant and quantum yield
values with respect to ionic strength, pH, complex and ligand concentrations were studied in basic and
acidic media. In basic media it has been found that the rate constant and quantum yield values decrease
with increase in complex concentration and pH but no marked change is observed in them by varying
the ligand concentration and ionic strength.
In acidic media the rate of the reaction and quantum yield values are found to increase with increase
in ligand and hydrogen ion concentrations and decrease with increase of complex concentration. The
reaction rate and quantum yield values are unaffected by change of ionic strength.
The mechanism proposed to explain these observations in basic media is given in scheme 1.

[W(CN)8] 4- ~[W(CN)8] 4-*,

(la)

(1)

[W(CN)8] 4 - * + [W(CN)8] 4- k~ 2[W(CN)8] 4-,

(2)

[W(CN)8] 4- + O H - k--~2[W(CN)7(OH)] 4- +CN-,

(3)

[W(CN)7(OH)] 4 +phenfa-~st [W(CN)6(phen)] 2 - + C N - + O H - .

(4)

Scheme 1.
The complex [W(CN)a]'*- absorbs light and gets excited. This excited species either gets deactivated
or undergoes cyanide exchange with O H - forming [W(CN)7OH]'*- which reacts with the added ligand,
1,10-phenanthroline to give the product [W(CN)6(phen)] 2-. From the above equation quantum yield
expression for [W(CN) 6 (phen)] 2- is obtained as:
1 + (k 1/k2)[W(CN)s] 4-.

(5)

Photochemical reaction between K4W(CN)s and 1,10-phenanthroline in acidic medium follows a
mechanism different from that in the basic medium.

[W(CN)8] 4 * + H3O+ r3'fa~ [HW(CN)7(H20)] 2- + CN-,

(6)

[HW(CN)7(H20)] 2- + phen K--&[W(CN)6(phen) ]2- + HCN + H20.

(7)

Scheme 2.
The complex [W(CN)s] 4- formed in (3) undergoes fast cyanide exchange with water in acidic medium
to give I-HW(CN)7(H20)] 2- which reacts with 1,10-phenanthroline to give the product [W(CN)6(phen)] 2-.
From the above equations the quantum yield expression for the formation of [W(CN)6(phen)] 2- is
obtained as:
dp = dP/dt/Ia = (k, k 3/k j ) [phen] [H 30 + ]/[W (CN) a ]*-.

(8)

Plot of r against [pben] [HaO+]/[W(CN)a] 4- gives a straight line passing through the origin which
confirms the proposed mechanism in scheme 2.
Rate of the reaction and quantum yield is higher in acidic media as compared to alkaline media i.e. the
rate of the reaction and quantum yield values increase with decrease in pH. The higher rate of the reaction
and quantum yield at lower pH is due to formation of protonated species [-HW(CN)7(H20)] 2- which
reacts rapidly with 1,10-phenanthroline. The latter is a weak base, 1,10-phenanthroline cation has p K
value of 4.96. In acidic media the excited species [W(CN)s] 4-* gets protonated at the cyano group which
causes the electron density to shift from the W-CN bond axis towards the cyano group. The bond in
W-CN can be described as a combination of a and u interactions. A W , - C a bond forms by donation of
the unshared electron pair on the carbon atom to a metal orbital of a symmetry directed to the centre of
the ~ system of the ligand. Simultaneously a filled dTt or hybrid dp~ orbital of the metal overlaps with an
empty 2pn* (antibonding) orbital of the carbon atom. On protonation the ~z bond which is weaker and
the a bond which is stronger behave oppositely i.e. the former become stronger and the latter becomes
weaker leading to elongation and consequent weakening of the W-CN bond. Hence, there is an increase
in the reaction rate and quantum yield, implying that the reaction mechanism is not a dissociative one,
since ionic strength does not affect the rate of the reaction and the quantum yield.

Keywords. Photochemical substitution; tungsten-octacyano-complex.
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Synthesis, charaeterisation and singlet oxygen studies of mixed ligand
complexes of platinum(II)
V ANBALAGAN and T S SRIVASTAVA
Department of Chemistry, Indian Institute of Technology, Bombay 400 076, India
Several mixed ligand complexes of the general formula [Pt(N-N)(X-X)] where N - N is 2,2'-bipyridine
(BPy)~ 1,10-phenanthroline (Phen), 2,2'-biquinoline (BiQ), 2,2'-hipyridylamine (BPA) and 4,7-diphenyl
phenanthroline (DPP) and X-X is a dianion of 3,4-dihydroxy benzaldehyde (DHB) and 3,4-dihydroxy
benzoic acid (DHBA) have been synthesised and characterised by elemental analysis, conductivity
measurements, and various spectroscopic techniques such as infrared, electronic absorption and proton
magnetic resonance. In all these complexes the lowest energy charge transfer bands have been observed
in the visible region between 400 and 700 nm. According to the proposed MO diagram, this band is due
to ligand to ligand charge transfer (LLCT) transition from substituted catechol to the ~-diimmine via
the metal. The LLCT bands of these complexes show negative solvatochromic behaviour and exhibit two
linear correlations for hydroxylic and non-hydroxylic solvents, when Reichardt's parameter, ET, is plotted
against the absorption maxima. These complexes generate singlet oxygen (102) on irradiation at the LLCT
band.

Keywords. Platinum mixed ligand complexes; ligand charge transfer transition; singlet oxygen.

Infrared multiphoton dissociation of 1,4-cyclohexadiene
AWADHESH KUMAR, P K CHOWDHURY, K V S RAMA RAO and J P MITTAL
Chemistry Division, Bhabha Atomic Research Centre, Bombay 400085, India
Infrared multiphoton dissociation of 1,4-cyclohexadiene with 10P(16) hne of pulsed TEA CO 2 laser revealed
that the dissociation in the ground electronic state of the molecule occurs in two channels.
C6Ha <~v).* C6Hs*

[~>95~ C6H6 + H2,
A H = - 6'5 kcal mo1-1.
.',
C2H2 + C 4 H 6, AH = 54"2kcalmo1-1.

(1)
(2)

The major photolysis products obtained are benzene and hydrogen; small amounts of acetylene and
1,3-butadiene are also formed. Benzene, acetylene and parent CHD were monitored by FT-IR spectroscopy,
while GC analysis was done to monitor H2 and 1,3-butadiene. The dehydrogenation reaction (1) is the
major channel (about 95%), whereas retro-Diels-Alder reaction (2) is the minor one. To investigate whether
(1) is concerted, time-resolved studies to monitor the cyciohexadienyl radical (an expected intermediate in
a non-concerted reaction) were attempted by kinetic absorption spectroscopy at 320nm. The absence of
this radical inspite of its high extinction coefficient (e= 1.37 x 104) suggests that (1) proceeds by a concerted
pathway. Dissociation yield per pulse in the neat system being small, further time-resolved studies were
carried out in presence of SF6 as a sensitizer where the yield increased by two orders of magnitude and
the product evolution of benzene could be monitored. From the time-resolved formation of benzene, the
unimolecular decomposition rate of CHD was estimated to be 1"0 x 106 s- 1. From this rate constant, the
average internal energy of excited CHD was computed by RRK formalism and was found to be
76 kcal tool- 1. The time-resolved absorption spectrum of nascent benzene (2,,~ = 262 nm) at 6 ps after the
CO2 laser pulse was found to be red-shifted by 8 nm. This suggests that the nascent benzene formed is
vibrationally hot. The activation energy for channel (1) is known to be 43-8 kcal mol-1 and the product
yield for this channel has been measured to be > 95%. Assuming the same frequency factor for both the
reaction channels, the activation energy for channel (2) has been estimated to be 65 kcal mole- 1. The SFe
sensitized CHD dissociation occurs after about 1/zs of the CO2 laser pulse. During this period the CHD
molecule undergoes 70 collisions with SF6 molecules. Assuming all the SF6 molecules are excited during
the CO2 laser pulse, the energy transferred per collision from SF6 to CHD has been computed to be
380 cm - 1.
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In conclusion, two dissociation channels operating in IR multiphoton-excited CHD are characterized
as dehydrogenation and retro-Diels-Alder reaction. The overall unimolecular dissociation rate constant
of CHD is found to be 1"0 x 106 s-1. About 380cm-~ equivalents of energy appear to be transferred per
collision from vibrationally excited SF 6 to CHD.

Keywords. Infrared multiphoton dissociation; 1,4-cyclohexadiene; pulsed CO 2 laser.

Synthesis and photochemical reactions of some azido cobalt(Ill)-EDTA complexes
P NATARAJAN l ~nd N BALASUBRAMANIAN 2
1Department of Inorganic (~hemistry, School of Chemistry, University of Madras, Madras
600025, India
2Department of Chemistry, Bishop Heber College, Bharathidasan University, Tiruchirapalli
620008, India
Sodium monoazidoethylenediaminetetraacetatocobaltate(II) has been synthesized by mixing a solution of
disodium salt of EDTA in hot water with an aqueous solution of cobalt(II) chloride, followed by adding
solid sodium azide and H 2 0 2 solution. The violet-coloured oily liquid separating out Was precipitated with
acetone and purified by repeated reprecipitation. The complex was characterized by elemental and spectral
analyses. The prcsen~ of intramolecular hydrogen bonding is suggested based on pK~ measurements.
The photochemical studies of the complex, Na[Co(HEDTA)N3], were carded out and preliminary
studies at 254nm indicate the formation of Co 2 + ions. The quantum yield was determined. Irradiation
was also carded out at 365 nm using a xenon lamp. The quantum yields for formation of Co 2 + ions at 254 and
365 nm were found to be 0.04 and 0.01 respectively. These results were compared with those of complex ions
of the type [Co(HEDTA)X] - where X is CI-, Br- or N O r and a possible explanation given.
Keywords.

Azido cobalt(III)-EDTA complexes; photochemical reactions.

Photooxidation of macrocyclic nickel(II) complexes
S BALASUBRAMANIAN and P NATARAJAN
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600 025, India
The ability of macrocyclic ligands to stabilize unusual oxidation states of metal ions by the macrocyclic effect
is well documented. The oxidation of nickel(II) complexes has been mostly achieved by either chemical or
electrochemical means. The majority of the photooxidation reactions of transition metal complexes have
been reported in halocarbon solvents.
In the present investigation, we found that when tetraaza macrocyclic complexes of nickel(II), both
dicarbinolamine and Jager type, are irradiated with white light in halocarbon solvents (CHC13 and CH 2CI 2)
oxidation of the metal centre occurs, which is confirmed by the ESR spectra of the photoproducts. While
most of the systems undergo photoxidation, photodecomposition has also been observed in some cases. The
spectral changes in the former category are marked by increase in the absorption around 500 nm and a steady
decrease in the 300 nm region with the presence of well-pronounced isosbestic point(s). The latter group
shows gradual decrease in absorption in the entire region i.e. from 300 to 700nm. The controlled potential
oxidation of a dicarbinolamine complex exhibits an identical spectral pattern as observed in the case of
steady photolysis, thus lending further evidence to the above interpretation of the photochemical reaction.

Keywords. Photooxidation; macrocyclic Ni(II) complexes.
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Rotational reorientation dynamics of dye probes in aqueous binary

mixtures

G B DUTT and S DORAISWAMY
Chemical Physics Group, Tata Institute of Fundamental Research, Homi Bhabha Road,
Bombay 400 005, India
Rotational reorientation times of dye probes resorufin (monoanion), oxazine 720 (monocation) and nile red
(neutral but polar) have been measured in aqueous binary mixtures by picosecond time-resolved fluorescence
depolarization spectroscopy using the single photon counting technique. The nonhydrodynamic behaviour
in some cases can be qualitatively explained by taking into consideration the additional contribution due to
dielectric friction, and possibly by solvation in a few others.

Keywords.

Rotational reorientation dynamics; dye probes; aqueous binary mixtures.

S p e c t r a l and flash-kinetic studies
of poly (N-vinyl-2-pyrrolidone)

of water-soluble porphyrin in the

polymer matrices

BIDYUT KUMAR MANNA, SUBHASH CHANDRA BERA
and K K ROHATGI-MUKHERJEE
Department of Chemistry, Jadavpur University, Calcutta 700032, India
The effect of poly (N-vinyl-2-pyrrolidone), PVP, on the absorption, emission, fluorescence-kinetics and flashkinetics of [meso-tetrakis(4-carboxy phenyl) porphyrin], TPPC, and [meso-tetrakis(4-sulphonato phenyl)
porphyrin], TPPS, has been studied in detail.
On gradual addition of PVP to a dilute solution (10-5 M of TPPC) the soret band and the Qx bands are
red-shifted while the Q, bands practically remain unshifted. These systematic changes reach a saturation
point, passing through several isosbestic points centred at 419, 588, 615 and 640nm, from which complex
formation between TPPC and PVP has been established. As the Q~ bands are highly sensitive in the polymer
cage,'it is quite reasonable to assume that the porphyrin and polymer binding occur through the pyrrolidone
> N - C = O and porphyrin > N - H groups.
The binding constant, K, and number of monomer units of PVP required to bind a porphyrin unit were
also calculated and are listed in table 1.
The fluorescence-kinetics studies reveal biexponential decay, of which one is short-lived, r = 0"6 ns, and
the other is long-lived, ~f = 10ns. The shorter-lived fluorophore originates from polymer-bound TPPC as
indicated by the gradual increase in the relative amplitudes of shorter-lived species with increasing amounts
of polymer.
Interesting mechanistic details in the excited state interactions were observed from flash-photolysis
studies. A new band appeared in the time-resolved spectra in the range 425-430 nm which is assigned to
porphyrin cation radicals generated by charge transfer from porphyrins to the PVP units. Both the growth of
radicals and the decay of triplets follow first-order kinetics. The decay of radicals, however, follows
second-order kinetics. All relevant data are presented in table 1.
An explanation is sought for the differences in the decay kinetics as well as in the number of monomer units

Table 1.

Number of monomer units (l/n) of PVP required for
binding a porphyrin molecule.
K (M - 1)

TPPC

3.7 x 106

4.4 x 103

4

28 + 2

TPPS

7.9 x 10 6

7.5 x I0 a

3

35 + 2

K 2 e-

1(M - 1s - 1)

zl/2(ms)

1/n

System
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of polymer needed to bind a porphyrin molecule. The study of a smaller substituent, e.g. an O - H group, in

meso-tetrakis-hydroxyphenyl porphyrins may provide some clue to the mode of binding and the strength of
interaction between the polymer and the entrapped porphyrin under investigation.

Keywords.

Flash-kinetic study; water-soluble porphyrin; poly(N-vinyl-2-pyrrolidone).

Molecular theory of soivation and solvation dynamics in a binary dipolar liquid
A CHANDRA and B BAGCHI
Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560012,
India
Both the equilibrium and the dynamical aspects of solvation of a classical ion in a dense binary dipolar liquid
are studied by using molecular theory. The intermolecular correlations that are present in the liquid are
included properly through two-particle distribution functions. The theory provides quantitative explanation
of several aspects of the non-ideality of equilibrium solvation (also known as preferential solvation) observed
in experiments. It is found that the non-ideality of solvation depends strongly on both the molecular size and
the extent of polarity of the solvent molecules. The study of the dynamics of solvation is based on a
generalized Smoluchowski equation for the density relaxation. The study reveals rich and diverse dynamical
behaviour, such as dependencies on the sizes, the transport coefficients and the polar properties of the
components. The theory offers a detailed picture of the dependence of the solvation dynamics on the
composition of the mixture. It is predicted that the dynamics of solvation is, in general, non-exponential and
the details of the dynamics can be quite different from those in pure liquid. The predicted results are used to
study the dynamic solvent effects on the rate of an adiabatic electron transfer reaction in a binary liquid.

Keywords.

Molecular theory of solvation; binary dipolar liquid; solvation dynamics.

Effect of coordinated macromolecules on the charge transfer photochemistry
of cobalt(IID complexes
P NATARAJAN, S ARUNACHALAM" and J R DEVADASON b
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600025, India
"Present address: Department of Chemistry, Bharathidasan University, Trichy 620 024, India
bPresent address: Department of Chemistry, Loyola College, Madras 600 034, India
Two sets of polymer-bound complexes of cobalt(III) and their analogous monomer-bound complexes were
prepared. In the case of the first set of complexes, the coordinated polymer is not directly involved in the
photochemical reaction. The following are such complexes:
[Co(en)2X(py)] 2+ and [Co(en)X(pVp)] 2+,
X = CI- or Br-, py = pyridine and pVp = poly(4-vinylpyridine).
When a polymer Inamely, poly(4-vinylpyridine)] is coordinated in place of a monomer (namely, pyridine),
the redox quantum yield of the complex is found to decrease. This is due to the fact that the coiled structure
of the macromolecule surrounds the metal centre and changes the nature of the environment around the
metal complex. The above mentioned effect is marginal when X = Cl-, but fairly large when X = Br-.
This is due the easily oxidisable nature of Br-. Flash photolysis experiments confirm that the halide ligand
alone is involved in the photoredox process~
The second set of complexes are those in which the iigands (or their analogous monomers) are involved
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in photoredox processes. The following are these complexes:
[Co(NH3)sX] 2+ and [Co(NH3)spX] 2+,
X = acrylato, methacrylato or itaconato, pX1 = poly(acrylato), poly(methacrylato) or poly(itaconato),
pX 2 = poly(carboxylato-co-acrylamide) or poly(carboxylato-co-4-vinylpyridine).
In the above complexes, the pX1 ligands do not absorb in the 254 nm region, while the uncoordinated
portions of the pX 2 absorb in the 254 nm region.
The redox photochemical studies of the above complexes show that the coiled structure of the polymer
ligand restricts the interaction of water molecules with the excited state species. The structure of the polymer
ligand can be altered by increasing or decreasing the percentage of coordination centres (degree of
coordination x 100) in the polymer chain. An increase in redox quantum yield is observed when the coiled
structure of the polymer ligand becomes more linear.
The investigation thus explores the feasibility of using different types of polymer chains to study the effect
of solvent interaction on the excited state behaviour of the complexes.

Keywords.

Coordinated macro molecules; charge transfer; photochemistry of cobalt(III).

Oxygenation of cobalt(IIl)-amines by photochemical method
T DHANASEKARAN, P RAMAMURTHY and P NATARAJAN
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600 025, India
Cobalt(III)-amine complexes containing nitro ligands on photolysis in charge transfer bands at low
temperature lead to the formation of #-superoxo cobalt(III) complexes. Steady and flash photolysis of
complexes [Co(Am)X2] + (Am=triethylenetetramine or tetraethylenepentamine, X = n i t r o ligand) are
carried out. Steady irradiation of [Co(trien) (NO2)2] + ion (trien = triethylenetetramine) in O2-saturated
aqueous solution (pH = 6.3) produces the #-superoxo dinuclear complex which is characterised by the visible
absorption band at 700 nm and the 15 line esr spectrum. A novel method for the preparation of #-superoxo
dinuclear complex from the mononuclear complexes is thus established. Flash photolysis of the complex
indicates the formation of a mononuclear superoxo complex as the initial product which then reacts with
[Co (trien)(NO2)2 ] § to produce the #-superoxo dinuclear derivative. The rate constants for the formation of
these products were determined and the details of the mechanism studied.

Keywords.

Oxidation of Co(III)-amines; B-superoxo complex; flash photolysis.

Hydroacridinedione derivatives as laser dyes
K JOSEPH PRABAHAR and V T RAMAKRISHNAN
Department of Organic Chemistry, University of Madras, Madras 600 025, India
In recent years, research in light amplification by stimulated emission of radiation tLaser) has received
considerable attention due to its wide range applicability in various fields. Since the observation of laser
action from organic compounds, many classes of dyes have been demonstrated to have laser action. Various
heterocyclic compounds, especially coumarin derivatives, have been recognized as important laser dyes. Few
acridine derivatives have also been reported as laser dyes. Hence it was of interest to synthesise various
acridine derivatives and study their lasing property. We have synthesised 10-acryl-3,4,6, 7,9,10-hexahydro,
1,8-(2H, 5H)-acridinedione derivatives as a new class of laser dyes.
Resorcinol on reduction with hydrogen at 120atm pressure in the presence of Raney-nickel gave
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cyclohexane-l,3-dione, which was treated with formaldehyde to give 2,2'-methylene bis(cyclohexane-l,3dione). The methylene bis(cyclohexane-l,3-dione) and the various substituted anilines when stirred in
ethanol with catalytic amounts of phosphorus pentoxide furnished acridinedione derivatives. The structures
of the compounds were confirmed by IR, 1H-NMR, 13C-NMR, MS and single X-ray crystallographic
data. These dyes when excited with nitrogen laser (peak power 100 kW, wavelength 337.1 nm, pulse duration
10 ns) lase around 475 nm and tunable range is about 20 nm. The efficiencies of the laser dyes were compared
with the efficiency of a well-known standard dye coumarin-102 (which lases at 480nm) under the same
conditions.

Keywords. Hydroacridinedione derivatives; laser dyes.

Generation and reactions of a transient species from NaAIO 2 -- A flash photolysis study
LIZAMMA MATHEW, V RAMAKRISHNAN, J RAJARAM and V R S RAO
Department of Chemistry, Indian Institute of Technology, Madras 600036, India
A new transient species has been detected by the flash photolysis of aqueous solution containing N a A 1 0 2 and
K2S2Oa. The optical absorption spectrum of this transient has a maximum at 600 + 10nm and absorption
coefficient equal to 1490 M - t cm- 1. It decays with a rate constant, k = 2"3 x 1 0 7 M - ~s- 1. The new radical
is found to be stable both in the presence and absence of oxygen. Rate constants for the reactions of this
radical with some organic substrates have been determined. The rate constants for reactions of various
organic substrates were compared with these for reactions with PO~- and CO i radicals.

Keywords. Transient species from NaAIO2; flash photolysis.

Tumour therapy using argon ion laser
S GANESAN and V MASILAMANI
Department of Physics, Anna University, Madras 600025, India
Argon ion laser is widely accepted as a potential light source for various photobiological and photomedical
studies. Based on our previous experience with in vitro study of photodynamic activity, we carried out an in
vivo study i.e. photodynamic therapy, both on animals and patients. Since the hematoporphyrin derivative
(HPD) and dihematoporphyrin ether (DHE) have high dark toxicities, photoallergies, high cost and long
retention times they may not be advisable for use in tropical countries like India. We have used Eosin Y
(tetrabromo fluorescein) as a photosensitizer instead of DHE and HPD.
As a first phase, we have studied chemically induced rat fibrosarcoma. After successful treatment in
animals we could treat patients with oral carcinoma of 1 cm 3 volume and leukoplakia of 4cm 2 area. We
now have a fair amount of experience in this treatment modality.

Keywords. Argon ion laser;, tumour therapy; photodynamic activity.
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S y n t h e s i s and aggregation of nickel 4,4',4",4"'-tetrakis(n-dodecanoyl amino)phthalocyanine

P NARAYANAN and V N SIVASANKARA PILLAI
Department of Applied Chemistry, Cochin University of Science and Technology, Cochin
682 022, India
Metal phthalocyanines (MPc's) exhibit high chemical and thermal stabilities among organic compounds and
are of special interest as catalysts, solar cells, photosensitizers (Kato et al 1985), low-dimensional metals
(Piechoki et a11982), lithium batteries (Yamaki and Yamaj 1982), electron beam negative resists (Tabei et al
1985), and recently in more attractive photochemical hole burning memories (Gutierez et al 1982) and
molecular electronic devices. However, unsubstituted Pc's have some limitations in arranging and organising
in a desired array due to insolubility in common organic solvents, and polymorphism in the solid phase.
If four secondary amide units are introduced in the Pc ring, a structure favourable for one-dimensional
stacking by hydrogen bonding results. We report the synthesis and aggregation of nickel 4,4',4",4"'-tetrakis
(n-dodecanoyl amino) phthalocynanine (APe). APe is soluble in a variety of solvents and hence can be
conveniently incorporated into polymers for various applications.
Nickel 4,4',4",4"'-tetranitrophthalocyanine (1) was synthesised by the method reported by Wyler
(Venkataraman 1971). Nickel 4, 4', 4", 4"'-tetraaminophthalocyanine (_2)was prepared by the reduction of (1)
with SnCI 2/HC1. The A Pc was synthesised by the acylation of (_2)with n-dodecanoyl chloride and purified by
column chromatography (silica, chloroform/ethanol = 96/4).
The existence of aggregation equilibrium in 20% DMF-CHCI3 solution of APc in the concentration range
10- s to 10- a M was studied by spectrophotometry. The effect of concentration on the absorption spectrum
was also studied. The Q band region consists of two bands at 620 and 682 nm. The 620 nm band increases in
intensity with increasing Pc concentration. The effects of phthalocyanine dimerisation was evaluated by
determining equilibrium constants for dimerization using spectroscopic techniques. It seems that the
hydrogen bonding effect due to the amide group contributes towards aggregation.

Keywords. Metal phthalocyanines; aggregation equilibrium.
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Dual energy transfer studies between anthracene and coumarin 153
K I PRIYADARSINI and J P MITTAL
Chemistry Division, Bhabha Atomic Research Centre, Bombay 400085, India
Energy transfer dye lasers in which mixtures of laser dyes are used have become increasingly useful due
to their higher efficiency and broader wavelength coverage. It was suggested by Schafer that a dye used as
a singlet donor which also acts as a triplet acceptor is more advantageous because losses due to the triplets
are minimised. Further, a nonlaser dye that serves the purpose of singlet donor and triplet acceptor will
be an ideal system. Thus we carried out energy transfer studies between anthracence (An) and coumarin
153 (C153). The different types of energy transfer processes taking place between these two are given below:
An + hv--, 1An*, tAn* + C153 ~ A n + 1C153", 1C153" --,laser, 1C153" ~ aC153",
aC153" + An--,C153 + 3An*.
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The singlet-singlet energy transfer process from anthracene to C153 was carried out in methanol by
following the fluorescence lifetime of anthracene at various concentrations of C153. The samples were
excited at 335 nm at which C153 has negligible absorption, and the fluorescence was monitored at 400 nm.
The fluorescence lifetimes of anthracene in the absence (To) and in the presence of acceptor (T) were
monitored. A good Stern-Volmer behaviour was observed according to the equation given below:

ro/r = 1 + k,t[C153 ].
From this the energy transfer rate constant was determined to be 8.4 x 101~dm 3 mol-1 s-1. The transfer
proceeds by long range dipole-dipole mechanism and the critical transfer distance (R o) was found to be 51 ,~.
The triplet-triplet energy transfer from C153 to anthracene was carried out by pulse radiolysis of benzene
solutions. The pseudo-first-order decay of C153 triplet produced in benzene and absorbing at 580 nm was
monitored as a function of anthracene concentration. The energy transfer rate constant was determined
by the use of the expression:
k4, = k 1 + kct [An].
Here kr is the pseudo-first-order decay of C153 triplet, k 1 is the decay of C153 in the absence of any
acceptor and k,t the energy transfer rate constant. From this the energy transfer rate constant was found
to be 3 x 101~dm a tool-Is-1. Triplet-triplet energy transfer takes place by an exchange mechanism and
the R o values are the collision diameters. The anthracene triplet formed as a result of energy transfer from
C153 absorbs at 420rim and hence does not interfere in the lasing process of C153.
These results suggest that a combination of a nonlaser dye such as anthracene and an efficient laser dye
like C 153 will show better laser performance than C 153 alone, because the mixture can make use of all the
wavelengths of the excitation source, and losses due to triplets are minimised.

Keywords.

Dual energy transfer studies; anthracene; coumarin 153; dye lasers.

Photochemistry of ruthenium (II) complexes of 3 (2-pyridyl)-5, 6-diphenyl-1, 2, 4-triazine
and his and tris(2-methylbenzimidazolyl)amines
T RAJENDRAN 1, S RAJAGOPAL 1, M PALANIANDAVAR2 and C SRINIVASAN3
1School of Chemistry, Madurai Kamaraj University, Madurai, India
2Department of Chemistry, Bharathidasan University, Tiruchi, India
3Department of Materials Science, Madurai Kamaraj University, Madurai, India
Many photophysical and photochemical studies have concentrated on the polypyridyl complexes of Ru(II)
as they represent a potential source of electrons that can be pumped into subsequent reactions. A substantial
change in the structure of the ligand is expected to present interesting photochemical aspects of Ru(II)
complexes. Thus in the present study three Ru(H) complexes of the ligands 3(2-pyridyl)-5,6-diphenyl1,2,4-triazine, bis(2-methylbenzJmidazolyl)amine and tris(2-methylbenzimidazolyl) amine have been synthesised and characterised. The absorption and emission spectra of these Ru(II) complexes recorded in
different solvents show that absorption and emission maxima corresponding to MLCT transition are
highly sensitive to the nature of the solvent. The reductive quenching reactions of these complexes by
aromatic amines have been studied by the luminescence quenching technique.

Keywords.

Ru(II) complexes; polypyridyl complexes; luminescence quenching technique.
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Laser flash photolysis of nitrate ion in nonaqueous media
P RAMAMURTHY
Department of Inorganic Chemistry, School of Chemistry, University of Madras, Madras
600025, India
The photochemistry of the nitrate ion has been explored in aqueous medium to a greater extent. On
photolysis at 250nm molecular oxygen and nitrate ions have been reported (Daniels et al 1968) as the
products and the primary reaction is
NO3- ~ NO2 + O.
While photolysing at a low energy band (300 nm), another competitive process to the above (Shuali et al
1969) is
NO~ ~ NO2 + O - .
Another intermediate, [NO 2- ... NO3] , has been reported by Dubovitskii et al (1981) during the formation
of nitrite ion as the product. We have observed the nitrate radical as an intermediate on photolysis with
white light in argon-purged acetonitrile by taking cobalt(II) mtrate as the substrate (Meera and
Ramamurthy 1988),
NO~ --, NO~ + e-.
The nitrate radical has characteristic absorptions at 600, 620 and 640nm. Formation of nitrite ion as a
product has also been observed and this has been reported as being through the charge transfer complex
intermediate,
NO~- + *NO~" --*[NO 2 - . . . NO3] ~ 2NO 2 + 02.
The charge-transfer complex has a strong absorption at 400 mm, which disappears on photolysis in presence
of 2 M ethanol due to the reaction of NO 3 with ethanol. The formation dynamics of the nitrate radical
has been studied, using KrF excimer laser flash photolysis, which could not be observed using conventional
flash photolysis due to the time resolution. The nitrate radical forms within 400 #s and deactivates in 4 ms.

Keywords.

Laser flash photolysis; nonaqueous media; nitrate-ion photochemistry.
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Mixed complexes of Ru(bpy)~ + and anionic metal complexes (ML~-l) as
models for complete luminescence quenching
R RAMARAJ 1, M KANEKO 2 and A KIRA 2
tSchool of Chemistry, Madurai Kamaraj University, Madurai 625 021, India
2The Institute of Physical and Chemical Research, Wako, Saitama, 351-01, Japan
The photosensitizer, RU (bpy) 23+ , has attracted a great deal of attention due to the number of its interesting
features which are relevant to photochemistry. It also promises to be useful in solar energy conversion.
Excited state Ru(bpy)] § rapidly deactivates in the presence of suitable quenchers either by electron transfer
or by energy transfer pathways. The actual mechanism is determined by both thermodynamic and kinetic
factors. The ability to undergo energy transfer is related to the 0-0 spectroscopic energy levels whereas
the electron transfer is related to the redox potentials. In addition, if there is extensive ground state
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association between Ru(bpy) 2+ and an anionic quencher, there can be additional quenching modes via
static quenching.
Three mixed complexes were prepared and characterized: (i) [Ru(bpy)~ + ]'[PtCI6] 2-tyellow-orange
colour); (ii) [Ru(bpy)~ § ]'[Fe(CN)6]2--8H20 ~rown colour); and (iii) [Ru(bpy)~ + ]' [Fe(CN)6 ]2 - , 13H20
(bright orange colour). It was observed for the first time that in the solid state the luminescence from the
Ru(bpy)~ + moiety of the mixed complexes is completely absent. The mechanism of the quenching processes
of the mixed complexes was studied.
Keywords.

Mixed complexes; anionic metal complexes; luminescence quenching.

A new approach to study the quenching of electronically excited uranyi ions with aromatic
hydrocarbons and some other compounds
M S SIDHU, ARTI CHOPRA and BARINDER GILL
Chemistry Department, Guru Nanak Dev University, Amritsar 143 005, India
Stern-Volmer quenching constants of electronically excited uranyl ions with aromatic hydrocarbons
and certain other compounds have been measured using a UV-visible spectrophotometer involving
photochemical reduction of the uranyl ion with triphenylphosphine. Quenchers simply quench the
photochemical reactions through exciplex formation, without forming any photochemical products. The
linear Stern-Volmer relationship holds good
~ o / ~ R = ] + Ksv[Q].
where ~no and ~bR are the quantum yields for uranium (IV) formation in the absence and in the presence
of quenchers, respectively. The action of various quenchers is of the order cyclohexane < decalin < ethyl
benzoate < benzene < toluene < o, m, p-xylenes < mesitylene < fluorene < naphthalene < phenanthrene
anthracene and have been measured. It is the lack of an aromatic n-electron cloud (in cyclohexane and
decalin), negative inductive effect and, consequently, delocalization of positive charge over the benzene
ring, positive inductive effect of increasing numbers of methyl group substitutions on the benzene ring and
extension of the aromatic n-electron cloud, which determine the order of the experimental quenching
action of various quenchers. Triphenylphosphine oxide formed during photochemical reduction of uranyl
ion with triphenylphosphine also quenches electronically excited uranyl ions and unlike triphenylphosphine
forms a complex with Uranyl ions in its ground state. Physical deactivation competes with photochemical
reduction and the uranyl ion with tertiary phosphine. This inexpensive approach is useful for measurements
without a fluorescence spectrometer.

Keywords.

Quenching of excited uranyl ions; photochemical reduction; exciplex formation.

Crystal field splittings of rare earth activated SrS phosphors
THOMAS BABY and V P N NAMPOORI
Laser Division, Department of Physics, Cochin University of Science and Technology, Cochin
682 022, India
Alkaline earth sulphide phosphors activated by specific metallic impurities are of considerable practical
importance after the discovery of infrared stimulation and sensitized luminescence. Investigations on SrS:
Sm phosphors carried out to date are not sufficient and in certain cases are contradictory as well. These
facts motivated us to undertake fresh investigation of the fluorescence spectrum of the SrS:Sm phosphor.
The primary objective of this study is to interpret the site of the luminescent centre and the levels involved
in the emission, on the basis of crystal field theory.
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The samples were prepared by the techniques previously described in our earlier paper on the fluorescence
of SrS:Ce and BaS:Ce phosphors. The phosphors were excited using a pulsed nitrogen laser (337"1 nm) of
peak power 250kW. Fluorescence spectra were recorded using a 0.5m Jarrel-Ash monochromator
coupled with a PMT, pre-amplifier and chart recorder. All the measurements were carried out at room
temperature. Several samples were prepared by varying parameters like activator concentrations, firing
temperature, firing time, and concentrations of flux. We have studied the effect of the crystal field on the
energy level structure of Sm 3+ in the SrS lattice.
The Sm 3+ emission in SrS consists of three groups of intense lines in the region 550-675nm. These
bands are attributed to the transitions '*Gs/2-4"6H5/2, 4Gs/2"--~6H7/2a n d '*G5/2-t.6Hg/2. The occurrence
of sublevels is due to the splitting of the free ion term of the Sm 3+ under the influence of the ligands of
the surrounding ions. In the present case, since SrS crystallises in the NaCI structure, an impurity ion
occupying an Sr 2+ site will experience a cubic crystal field with octabedral coordination. In such an
environment, the free ion terms with J = 5/2 and 7/2 will split into two and three sublevels respectively.
So evidently, the first group of emission bands will consist of four lines and the second will comprise six lines.
An analysis of the crystal field splitting can be made following the method suggested by Zhong and
Bryant. It is found that the six lines can be grouped into two sets consisting of three lines, each group
being separated by an average of 115 cm-1. The lines in each group are found to be separated by 75 and
140cm-~. The splitting pattern of the 6HT/2 level of the Sm 3+ ion in a cubic field is taken and an exact
fit with this pattern occurs for the scale factor W = 6.08 cm- 1 and x = 0.97. The crystal field parameters
calculated are B4 = 0.98; Be = 2.38 x 10-5 and A, (r'*)= 393 cm-~.
For the '*Gs/2 -* 6H6/2transition, the separation is found to be 115 cm-1. The lines in each group are
separated by 122 cm-1 and 149 cm-~ respectively. The splitting pattern of 6H9/2 level of Sm 3+ ion is best
fitted with W = 2.249 cm-1 and x--0-52 giving B4 = 0-019; B 6 = 1'79 x 10-s and A,tf, r ' ) = 7"79 cm-1.
The model suggests that Sm 3+ occupies SrS substitutionally.
Keywords. Crystal field splittings; alkaline earth sulphide phosphors.

Photodecomposition of CS2 molecule in gas phase in the 285-305 nm region
T V VENKITACHALAM and A S RAO
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Photodissociation of carbon disulphide in the gas phase has been carried out in the region 285-305 nm
using an excimer pumped dye laser. The UV radiation of interest is produced by frequency doubling of
the fundamental of R6G dye in the region 570-610nm using a temperature-stabilised angie-tuned BBO3
crystal. This beam is focussed into the centre of the cell by means of a suprasil lens of !0cm focal length.
Two parallel plate electrodes are mounted centrally to this spot and connected to a DC power supply.
The chamber is evacuated using a rotary pump and purified CS2 gas allowed to flow through the cell at
a pressure of 50 mTorr. Photo-products are detected in their nascent energy states by three-photon (two-to
resonance) laser ionisation technique (same colour).
The threshold for the photodissociation of CS2 is 4"463 eV. Single photon dissociation of CS2 is ruled
out as the energy used varies from 4.06 eV to 4"35 eV. It was concluded from this study that CS2 undergoes
two-photon dissociation via a real intermediate state. The photo-fragments, sulphur atoms and CS radicals,
were detected in the excited states. It was also observed that CS2 undergoes ionisation by absorbing a
third photon and, at the laser fluence used, photodecomposition and photoionisation are competing
processes. The nature of the excited potential surface which on dissociation/predissociation generates the
fragments were characterised, correlating the products with the parent molecule. Based on these studies
the following photodissociation channels were confirmed,

CS2(XI ~.+ ) k-gCS~(1B2) ~.gCS~*(1Ae)--~CS(X I y,) + S(ID2),

CS2( x s)-~#)n_.~CS2( B2)n_.~CS2 ( ~'~11)---~CS(X ~)-[-S(ISo),
CS2(X 15~e+) h_~CS,(XB2) h_~CS~* (17r#) ~ CS(37c) + S(3p).
Keywords.

Photodecomposition; carbon disulphide molecules; laser ionisation technique.

