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\; Preface

This  volume contains the abstracts of the scientific
contributions which have been presented at the XV  International
Conference on Photochemistry (Paris, july 28 to august 2, 1991).

The 10 plenary fectures will be published separately as a special
issue of the Journal of Photochemistry which will be sent by the
end of this year to cach active participant of the Conference. {,g

The abstracts (received up to the first day of the Conference;
contained in the present book - have been reproduced as submitted
by the authors. The 4 pages abstracts of the invited lectures have
been entered in alphabetic order according to the seven topics of
the Conference : gas phase photophysics and photochemistry,
photophysics and photochemical kinetics in condensed phase,
modification of molecular assemblies, biological aspects of
photochemistry, environmental photochemistry, instrumentation
and new techniques in photochemistry, applications of
photochemistry. The abstracts of the oral and poster contributions
have been subdivided into the same seven topics and entered in
order of arrival at the secretariat,

1 would like to take this opportunity to thank my colleagues of
the International and Local Scientific Committees for their precious
help, my colleagues and coworkers of the Local Orpganizing
Committee for their tremendous effort in the organization of the
Conference, and the sponsors who helped the organization of the
Conference by their financial support,

Paris, september 20 Jean Kossanyi
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INTRAMOLECULAR TRIPLET EXCIMERS OF BRIDGED DIARYL COMPOUNDS.
S. Modiano, J. Dresner and E.C. Lim, (Akron, USA).
ELECTRONIC RELAXATION IN 2-PYRIDONE VIA HYDROGEN BONDED DIMERS.
A.C. Testa, (Jamaica, USA).
THE GROUND STATE BENZENE-OXYGEN COMPLEX. E.A. Gooding and P.R. Ogiby,
(Albuquerque, USA).
PARTIALLY CONSTRAINED PROXIMATE CHROMOPHORES: EXCIMER STRUCTURE AND
KINETICS IN DIANTHRACENE. G.D. Scholes, K.P. Ghiggino and-G. J. Wilson
(Parkville, Australia).
A PHOTOCHEMICAL AND LASER-FLASH-PHOTOLYSIS STUDY ON EXCIPLEXES OF SOME
DIARYLETHYLENES WITH ELECTRON DONORS AND ACCEPTORS.
G.G. Aloisi, F. Elisel and U, Mazzucato, (Perrugia, ltaly).
PHOTOINDUCED INTRAMOLECULAR CHARGE SEPARATION IN PYRENE-DIMETHYLANILINE
COMPOUNDS (PDMA). AN EXPERIMENTAL STUDY IN n-HEXANOL. G. Hittmann,
W. Kiihnle, H. Staerk and A. Wiessnar, (Géttingen, Germany).
SOLVATOCHROMISM IN ANILS., E. Lambi, D. Gegiou and E. Hadjoudis,
(Paraskavi-Attiki, Greece).
DYNAMICS OF MULTICOMPONENT SOLVATION SHELL. V. Fidler, K. Krljtova, S.Vajda
and J. Shroeder, (Praha, Czechoslovakia).
KETO-ENOL TAUTOMERISM IN THE METASTABLE TRIPLET STATE OF 2-(2'-DEUTEROXY-
PHENYL) BENZOXAZOLE AND 2-(2-DEUTEROXY-4-METHYLPHENYL)BENZOXAZOLE.
H. Eisenberger, B. Nickel , A. A. Ruth , W, Al-Soufi, K.H. Grelimann and M. Novo,
(Gottingen, Germany).
EXCIMER AND EXCIPLEX INTERMEDIATES IN ANTHRACENE BUTTERFUES.
G.J. Wilson, G.D. Scholes and K.P. Ghiggino, (Parkville, Australia),
NAPHTYL-QUINOLYL-ETHYLENES CONFORMERS : A PHOTOPHYSICAL STUDY.
G. Gennari, P. Bortolus and G. Gallazzo, (Padova, ltaly).
EXCITED STATE PROTON-TRANSFER PROCESSES IN 2-PYRIDYLBENZIMIDAZOLES.
M. Mosquera, M. Novo, C. Rios and F. Rodriguez Prieto, (Santiago de Compostela, Spain).
WAVELENGTH AND TEMPERATURE EFFECTS ON THE PHOTOCHEMISTRY OF VITAMIN D.
E.M. Vroom, and H.J.C. Jacobs, (Leiden, Netheriands).
ULTRAFAST CONFORMATIONAL RELAXATION PROCESSES IN SATURABLE DYES STUDIED BY
TIME RESOLVED SPECTROSCOPY. M. M. Martin, P. Plaza, N. Dai Hung and Y.H, Meyer,
(Orsay, France).
ULTRAFAST LASER SPECTROSCOPY STUDIES OF PHOTOINDUCED INTRAMOLECULAR
CHARGE TRANSFER AND TRANS-CIS ISOMERIZATION, THE ROLE OF THE SOLVENT,
J.C. Mialocg, S. Marguet, P. Hébert, T. Gustavsson and X. Armand, (Saclay, France).
ADIABATIC CIS-TRANS PHOTOISOMERIZATIONS OF SOME BIS-STYRYL COMPOUNDS.
I. Anger, M. Sundahl, K. Sandros and O. Wennersirém, (Gdteborg, Sweden).
THEORETICAL STUDY OF THE DCM STYRENE DYE: PHOTOISOMERIZATION EFFICIENCY AND
TICT STATE. A CS-INDO MRCI STUDY. S. Marguet, J.C. Mialocg, P. Millié, G, Berthier
and F. Momicchioli, (Saclay, France).'
HYDROGEN TUNNEL EFFECTS IN THE METASTABLE TRIPLET STATES OF 2-(2-HYDROXY-
PHENYL)BENZOXAZOLE AND 2-(2'-HYDROXY-4'-METHYLPHENYL) BENZOXAZOLE.
W. Al-Soufi, K.H. Grellmann and B. Nickel, (Géttingen, Germany)
THE OXENIUM ION, AN INTERMEDIATE FORMED BY PROTONATION OF AROMATIC
KETONES IN THE TRIPLET STATE ? P, Senn and J. Wirz, (Basel, Switzerland).
PHOTOLYSIS OF MATRIX-ISOLATED NHg : MODEL-ASSISTED IDENTIFICATION OF
TRAPPING SITES IN ELECTRONIC SPECTRA OF THE PRODUCTS. U, Schurath,
C. Blindauer and M. Winter, (Bonn, Germany).
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GENERATION AND TRANSFORMATION OF EXCITED HYDROXYDIPHENYLMETHYL,
RADICALS IN THE BENZOPHENONE-ETHANOL 3VYSTRM. R, Shulte Oestrich and

W, Adam, (Wirzburg, Germany).

THE PHOTOCHEMISTRY OF SOME 2-HALO-1,3-DIENES, E.S. Krijnen and G. Lodder,
(Lelden, Netheriands).

CIDNP AND CIDEP STUDIES ON INTRAMOLECULAR HYDROGEN ABSTRACTION REACTION OF
POLYMETHYLENE LINKED XANTHONE AND XANTHENE, K, Maeda, N. Suzuki, Q.-X. Meng,
K. Suzuki, M. Terazima, T. Azumi and Y. Tanimoto, {Sendai, Japan).

LASER FLASH PHOTOLYSI!S AND THE PHOTOPOLYMERIZATION STUDY ON SULPHUR
CONTAINING PHOTOINITIATORS: S-PHENYL THIOBENZOATE. F.Morlet-Savary,

J.P, Fouassier, D. Ruhimann, H. Tomioka and Y, Takimoto, (Mulhouse, France).
DIFFUSIONAL KINETICS OF BIMOLECULAR PHOTOREACTIONS ON SOLID SURFACES,

D. Oelkrug, M. Brun, M. Gregor and S. Reich, {Ttbingen, Germany).

CIDEP GENERATED IN THE Sy AND T4 MOLECULES-RADICAL INTERACTIONS.

A. Kawai and K. Obl, (Tokyo, Japan).

PHOTOCHEMICAL PRIMARY PROCESSES OF POLY(ETHYLENE TEREPHTHALATE) SOLID
POWDERS: A DIFFUSE REFLECTANCE LASER PHOTOLYSIS STUDY. N. Fukazawa,

K. Yoshioka, H. Fukumura, H. Masuhara and A. ltaya, (iXyoto, Japan).

THE GENERATION OF a~0-DIMETHYLBENZYL CATION IN THE PHOTOLYSIS OF 2,3-
DIMETHYL-2,3-DIPHENYLBUTANE. PROTONATION INDUCED SIDE-CHAIN
FRAGMENTATION. J.L, Faria and S. Steenken, (Mittheim ad. Ruhr, Germany).
ZERO-FIELD SPLITTING OF THE FIRST EXCITED TRIPLET STATE IN AROMATIC
CARBENES ESTIMATED FROM MAGNETIC EFFECTS ON FLUORESCENCE DECAYS,

A. Després, V. Lejeuns, E. Migirdicyan and M. S. Platz, {Orsay, France).
SPECTROKINETIC INVESTIGATION OF THE UV DEGRADATION OF PHOTOCHROMIC SYSTEMS.,
G. Falgayrac, V. Pimienta, G. Levy, D. Lavabre, J.P. Laplante and J. C. Micheau,
(Toulouse, France).

HIGH STABILIZATION OF COLORED SPIRONAPHTHOXAZINES BY PHOTOCHROMIC CHELATE
FORMATION, T. Tamaki, M. Sakuragi, T. Seki and Y. Kawanishi, (Tstukuba, Japan).

A PHOTOCHROMIC SYSTEM BASED ON THE FORMATION OF FLAVYLIUM DYES.

G. Haucke, P. Czerney and U. Kurzer, (lena, Germany)

PHOTOCHEMISTRY AND PHOTOPHYSICS WITHIN CYCLODEXTRIN CAVITIES,

E. Hadjoudis, 1. Moustakali-Mavridis and G. Pistolis,(Paraskavi-Attiki, Greece).
POLYMER MATRIX EFFECT ON THE PHOTOCHROMISM OF SPIROPYRAN. T. Ishii

and T. Majima, (Tokyo, Japan).

PHOTOINDUCED INTRAMOLECULAR PROTON TRANSFER IN 4-METHYLUMBELLIFERONE.
E. Bardez, P. Boutin and B. Valeur, (Paris, France).

PHOTOINDUCED ENERGY TRANSFER IN A DONOR-ACCEPTOR COUMARIN SUPERMOLECULE,
RECOVERY OF THE DISTRIBUTION OF INTERCHROMOPHORIC DISTANCES AND EFFECT OF
CATION BINDING. B. Valeur, M. Kaschke, J. Pouget, J. Bourson and N. Ernsting,

(Parls, France),

FLUORESCENCE DEPOLARIZATION BY ELECTRONIC ENERGY TRANSFER IN DONOR-

ACCEPTOR PAIRS OF LIKE AND UNLIKE CHROMOPHORES. M. N. Berberan-Santos and

B. Valeur, (Paris, France).

MOLECULAR INTERACTION IN THE SYSTEM : ZINC-TETRAPHENYLPORPHYRIN/POLY-4-.
VINYLPYRIDINE/METHYL VIOLOGEN. M. |. C, Ferreira, T. M. R. Viseu and J. V. C. Fonseca,
(Braga, Portugal).

ADIABATIC PHOTOREACTIONS AS FLUORESCENCE PROBES FOR POLYMERS.

R. Fritz, W. Rettig and J. Springer, (Berlin, Germany).

DUAL FLUORESCENCE IN NOVEL CAROTENOID-UIKE CHROMOPHORES.

N. Betterman, M. Bienioschek, H. ppendorf and H. D. Martin (Dusseldorf, Germany).

HIGH EFFICIENCY LIGAND-TO-METAL ENERGY TRANSFER, UV SENSITIZED RED

LUMINESCENCE OF EUROPIUM(III) CHELATES, J. M. Salitres, S. Mosseri and

J.C. Mialocq, (Saclay, France).

PRESSURE EFFECT ON THE RADIATIONLESS DEACTIVATION OF SINGLET OXYGEN IN
SOLUTION. R. Schmidt, K. Seikel and H.-D. Brauer, (Frankfurt/Main, Germany).
PATHWAYS OF PHOTOCYCLOADDITION OF ARENES TO ALKENES AND DIENES.

J. van der Hart and J. Cornelisse, {Leiden, Netherlands).

ISOMERIZATION REACTION AND EXCIMER FORMATION KINETICS OF DBMBF 5.

T. Harju, J. Erostyak, Y. L. Chow and J. Korppi-Tommola, (Jyvaskyld, Finland),
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INTRAMOLECULAR PHOTOCYCLIZATION OF SUBSTITUTED BENZOQUINONES ; MECHANISM
AND INHIBITION OF THIS REACTION BY INTRAMOLECULAR ELECTRON TRANSFER.,

R. Marquardt and R. Bonneau, (Talence, France).

EXCITED STATE PROPERTIES OF PORPHYRIN HETERO-AGGREGATES. H. Segawa,

C. Takehara, K, Honda, T. Shimidzu, T. Asahi and N. Mataga, (Kyoto, Japan).
EXCITED STATES OF TOLYL-TERPYRIDINE COMPLEXES OF Fe(ll), Ru(ll) and Os(li).
INTRAMOLECULAR ELECTRON TRANSFER IN AN Os(il)-BASED DIAD, E. Amouyal and
M. Mouallem-B8ahout, (Orsay, France).

EFFECTS OF SUBSTITUENTS AND SALTS ON ISOMERIZATION OF STILBENE CATION
RADICALS, H. Sakuragi, Y. Kuriyama, T. Arai and K. Tokumaru, (Tsukuba, Japan).
EXPERIMENTAL DETERMINATION OF THE APPARENT RATE CONSTANT IN THE CASE OF
THE FORMATION OF EXCIMER OF 1,2-BENZANTHRACENE. J, Duhamel, M. Bouchy,

F. Baros, S. Saghbini and J.C. André, (Nancy, France).

PHOTOTRANSFORMATION OF HYDROQUINONE IN AQUEOUS SOLUTION. P. Boule,

A. Rossi and J.F. Pilichowski, (Clermont-Ferrand, France).

PHOTO-CIDNP OF PHOTOCHROMIC COMPOUNDS, F. Rietsch, J. Marko, J.M. Aubry
and G. Vermeersch, (Lille, France).

REACTION PRODUCTS AND POSSIBLE TRANSIENTS FROM PHOTOLYSIS OF MATRIX
ISOLATED FURAN-2,3 DIONE DERIVATIVES, M. Hnach, J.P. Aycard and P. Verlaque,
(Marseille, France).

ON THE ELECTRONIC SPECTRUM AND PHOTOPHYSICS OF MICHLER'S HYDROL BLUE (MHB).

I. Baraldi, A. Carnavali, F. Momicchioli and G, Ponterini, (Modena, italy).
FLUORESCENT PHOTOCHROMIC SYSTEMS. S. Jones and P. Douglas, (Swansea, U.K.).
PROTONATION AND PHOTOCHEMISTRY OF A PYRAZOLOTRIAZOLE AZOMETHINE DYE.

C. Couture and P. Douglas, (Swansea, U.K.).

EVIDENCE FOR TWO GROUND STATE CONFORMERS OF TETRABENZO (a, cd, f, 'm)
PERYLENE. J. Waluk, J. Michi and J. Fetzer, (Warsaw, Poland).

TIME-RESOLVED KINETIC STUDY OF SOLVENT DEPENDENT INTRAMOLECULAR PROTON
TRANSFER IN BIS-OXAZOLE DERIVATIVFS, A. U, Acuna, F. Heisel, J. A, Miehé and

M. Sownska, {Strasbourg, France).

A PHOTOPHYSICAL AND PHOTOCHEM.CAL STUDY OF RHODAMINE LASER DYES. P. Hebert,
X. Armand, J.C. Mialocq, R. Bonneau and J.P. Morand, (Saclay, France).

THE WOLFF REARRANGEMENT OF o-DIAZOKETONES. O. Strausz, E. Lown, R. Gosavi and
M. Torres, (Edmonton, Canada).

MULTIPLE ADIABATIC CIS-TRANS PHOTOISOMERIZATIONS. M. Sundahl, T. Arai,

K. Sandros, K. Tokumaru and O. Wennerstrém, (Géteborg, Sweden).
CHEMILUMINESCENCE OF THE TICT STATES POPULATED BY INTER-MOLECULAR
ELECTRON TRANSFER. Z. R. Grabowski and A. Kapturkiewicz, (Warsaw, Poland).
EXCIMER LASER-INDUCED C-C BOND FORMATION OF BICHROMOPHORIC COMPOUNDS
VIA A DIRADICAL INTERMEDIATE, A. Ouchi and A. Yabe, (Tsukuba, Japan).

THIN LAYERS OF NOVEL ELECTRON RELAY COMPOUNDS ON CONDUCTIVITY GLASS AND
PHOTOSENSITIVE PAPER. R. Bauer, (Vienna, Austria).

NEW EVIDENCE FOR THE PROXIMITY OF THE LOWEST 'nn’ AND 'mn’ STATES AS THE
CAUSE OF THE DUAL FLUORESCENCE OF 4-N,N-DIALKYLAMINOALKYLBENZOATES IN
SATURATED HYDROCARBONS. M.C.C. de Lange, D. Thorn Leeson A.H, Huizer and
C.A.G.O. Varma (Leiden, Netheriands).

PHOTOINDUCED REDOX REACTIONS OF 1-NITRONAPHTHALENE AND 2-NITROTHIOPHEN
WITH METHOXYBENZENES: A FLASH PHOTOLYSIS STUDY. L.J.A. Martins, T. J. Kemp,
S. J. Formosinho, J. S. Branco and M. M. M. Fernandes, (Coimbra, Portugal).

THE INTERMEDIATE RADICALS AND ABNORMAL PHOTOREACTION BEHAVIOUR  OF o-
SUBSTITUTED NITROBENZALDEHYDES. D. Chen, Q. Tian, J. Zhou and G. Xu,

(Beijing, China)

PHOTOGENERATION, REACTIVITY AND COMPLEXATION OF DIVALENT SILICON
(SILYLENE) USING STATIC AND LASER FLASH PHOTOLYSIS TECHNIQUES.

G. Levin, P.K. Das, C. Bilgrien and C.L. Lee, (Rehovot, israel).

PHOTOPHYSICAL PROPERTIES OF PORPHYRINOID COMPOUNDS. D.O. Martire,

R. M. Negri, P.F. Aramendia, S.E. Braslavsky and K. Schaflner, (Milheim, Germany).
FLUORESCENCE BEHAVIOUR OF DIAZONAPHTHOQUINONE-TYPE PHOTORESIST
MATERIALS. J.J.M. Vieggaar, A.H. Huizer and C.A.G.O. Varma, (Leiden, The
Netherlands).
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EFFICIENT ELECTRON EXCHANGE CHEMILUMINESCENCE OF A DIOXETANE INITIATED BY
8-HYDRCXYPYRENE-1,3,6-TRISULFONIC ACID TETRASODIUM SALT. M. Josso and

P. Schaap, (Detroit, USA).

THE ELECTRONIC STRUCTURE COMPUTATION AND ELECTRON PARAMAGNETIC RESO-
NANCE SPECTROSCOPY OF THE MATRIX-ISOLATED MONO (1,3,5- TRIFLUOROBENZENE)
VANADIUM (0) HALF-SANDWICH COMPLEX. S. Mattar, 1. Unger and R. Sammynaiken,
(Fredericion, Canuda).

Il - MODIFICATION OF MOLECULAR ASSEMBLIES

PHOTOPRYSICS OF UV STABILIZERS IN SOLUTION AND IN POLYMER SUBSTRATES.

K. P. Ghiggino and A. D. Scully, {Melbourng, Austrafia).

PHOTOCHEMISTRY OF POLY(BIS(4-BENZYLPHENOXY)PHOSPHAZENE). F. Minto,

M. Gleria, P. Bortolus, M. Scoponi and F. Pradella, (Padova, Italy).

POLYMER CHARACTERIZATION USING SINGLET OXYGEN PHOSPHORESCENCE AS A
SPECTROSCOPIC PROBE. P. R. Ogilby, (Albuquerque, USA).

PHOTO-OXIDATION OF POLY(B!S(4-BENZYL)PHENOXY)PHOSPHAZENE.

M. Scoponi, F. Pradella, M. Gleria, F. Minto and V. Carassiti, (Ferrera, ltaly).
ABNORMAL CHANGES OF FLUORESCENCE SPECTRA OF PYRENE IN Si-Ti BINARY
SYSTEMS DURING THEIR SOL-GEL-XEROGEL TRANSITION PROCESSES.

N. Negishi, M. Anpo and T. Fujii, (Osaka, Japan)

THE PHOSPHORESCENCE OF 2,3,7,8-DIBENZOPYREN-1,6-DIQUINONE iN
SOLUTIONS AND FABRICS. G.T. Khachaturova, A.A. Krasnovsky Jr.,

M. Maallem, Y. V. Kovalev and G.E. Krichevsky, (Moscow, USSRY).

PRIMARY PHOTOCHEMICAL PROCESSES OF ORGANIC DYES ADSORBED ON SURFACES.
F. Wilkinson, D.R. Worralt and L.F. Vierra Ferreira, (Loughborough, U. K.).
PHOTOPHYSICS OF BENZOQUINOUNES ALONG THE SOL-GEL TRANSITION . A PROBE OF
STRUCTURAL CHANGES OF THE TRANSITION. T. Mabuchi and T. Fujii,(Wakasato, Japan).
NANOSECOND TIME-RESOLVED SPECTROSCOPY AND NANOSECOND DYNAMIC
PHOTOGRAPHY OF POLYMER FILMS JUST UPON LASER ABLATION. H. Fukumura,

E. Takahashi, H, Masuhara and A. ltaya, (Osaka, Japan).

OPTICAL ELECTROCHEMISTAY: REAL-TIME SPECTROSCOPY OF CONDUCTION BAND
ELECTRONS IN A METAL OXIDE SEMICONDUCTOR ELECTRODE. D. Fitzmaurice,

B. O'Regan and M. Gr#tzel, {(Dublin, Ireland).

RELATIONSHIP BETWEEN THE GEOMETRY OF THE EXCITED STATE OF VANADIUM
OXIDES ANCHORED ONTO Si0O2 AND THEIR PHOTOREACTIVITY TOWARD CO MOLECULES,
H. H. Patterson, J. Cheng, S. Despres, M. Sunamoto and M. Anpo, (Orono, U.S.A)).
THE IMFLUENCE OF METAL(Hl) SALTS AND SOLID SUPPORTS ON THE NATURE OF THE
PHOT JCHEMICAL REACTION OF 1,1-DIPHENYL-2-HALOSUBSTITUTED ETHENES.

N. Zupancic and B. Sket, (Ljubljana, Yugoslavia).

EFFECTS OF CROWN-ETHERS ON THE INTERFACIAL STRUCTURE OF MICELLES

AND VESICLES. T. Myassoedova, D. Grand and S. Hautecloque, (Orsay, France).
EXCITED-STATE PROTON-TRANSFER REACTIONS IN LIPID BILAYER MEMBRANES OF
VESICLES, Y. V. ll'ichev, A. B. Dmyashkevich and M. G. Kuzmin, (Moscow, USSR).
EXCITED STATE DIFFUSION OF TICT MOLECULES IN DHP SUSPENSIONS. L. Liu,

R. B. Pansu, J. Faure and J. Roncin, (Orsay, France).

PHOTOCATALYTIC TRANSFORMATION OF SODIUM 1,3-CYCLOHEXADIENE 1 4-
DIETHANOATE AND 1,4-PHENYLENEDIACETIC ACID, IN AQUEOUS ZnO SUSPENSION.
C. Richard, P. Boule and J.M. Aubry, (Clermont-Ferrand, France).
PHOTOPHYSICAL PROFERTIES OF TRIARYL PYRYLIUM SALTS. C. Ecoffet,

D. Markovitsi, M. Veber, C. Jallabert and H. Strzelecka, (Sactay, France).
DIFFUSION OF BIANTHRYL EXCITED STATES IN MICROHETEROGENEOUS MEDIA. L. Liu,
R. B. Pansu, J. Faure , M. Vincent, J. Gallais, R. Lapouyade, and K. Yoshihara,
(Orsay, France).

PHOTOCHEMICALLY SWITCHED PHASE TRANSITIONS IN LYOTROPIC LIQUID
CRYSTALLINE SURFACTANT SYSTEMS. T. Wollf and B, Klaussner, (Siegen, Germany).
THE NATURE OF THE EXCITED STATES OF CdS SEMICONDUCTOR PHOTOCATALYSTS,

S. Doherty and J. Sodeau, (Norwich, UK).

QUANTUM-SIZED Hg$S IN CONTACT WITH QUANTUM-SIZED CdS-COLLOIDS.

A. Hisselbarth, A. Eychmiilter and H. Weller, (Berlin, Germany).
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PHOTOREDOX PROCESSES ON MIXED TiOo/Fep03 COLLOIDS. G. Grabner and

J. Jirkovsky, (Vienna, Austria),

THE PHOTODEGRADATION OF LIGNIN MODELS IN SOLID MEDIA. R. Ruggiero and

M.G. Neumann, (Sao Carlos, Brazil).

OBSERVATIONS DURING THE EXPOSURE OF A Ce-Pd INTERFACE TO WATER VAPOR

AND SOLAR LIKE LIGHT. T. Greber and L. Schiapbach, (Fribourg, Switzerland).
DESORPTION OF POSITIVE IONS INDUCED BY PHOTON IMPACT ON CONDENSED

MOLECULES (CH4-H20). L Heliner, G. Dujardin, R. Azria, M.J. Ramage and

Y. Le Coat, (Orsay, France).

SYNTHES!S OF (Cry.xTix)203 SOLID SOLUTION BY LASER-IGNITED VAPOR-PHASE

REACTION. T, Oyama, Y. limura, T. Ishii and K. Takeuchl, (Hirosawa, Japan).

PHOTOPHYSICS AND PHOTOCHEMISTRY OF COMPOUNDS WITH MULTIPLE PATHWAYS,
W(CO)4Phen. E. Lindsay, C. H. Langford, D.K. Sharma and D. J. Stufkens,

(Montreal, Canada).

THE PHOTOCHEMISTRY OF AMINO SUBSTITUTED 1,4-NAPHTOQUINONES. A. M. Viljoen

and F. J. C. Marlins, (Potchefstroom, South Africa). )

THE INTRAMOLECULAR PHOTOCYCLIZATION OF N-((2-HALO-ARYL)ALKYL) PYRIDINIUM

AND N-ARYLALKYL-2-HALOPYRIDINIUM SALTS. Y.T, Park, C.H. Joo, C.D. Choi and

K.S. Kim, (Taegu, Korea).

PHOTOCHEMICAL REACTIVITY OF 2,4,6-TRINITROPHENYL N-SUBSTITUTED AMINO

ACIDS AND PEPTIDES, J.M. Frederiksen and N. Harrit, (Copenhagen, Denmark).

SINGLE-PHOTON TIMING DATA ANALYSIS OF THE PROBE MIGRATION KINETICS IN

MICELLAR SYSTEMS. M.H. Gehlen, N. Boens and F.C. De Schryver, (Leuven, Belgium).

PHOTOOXYGENATION OF 1,8-CINEOLE BY MOLECULAR OXYGEN CATALYZED BY
(BugN)4W100232. J. Zakrzewski and C. Giannotli, (Gif sur Yvette, France).

ION FORMING PROCESSES UPON 248 NM LASER EXCITATION OF BENZOPHENONE IN

AQUEOUS SOLUTION. H. Gérner, F. Elisei and G. Favaro, (MUtheim a. d. Ruhr, Germany).

PHOTOCHEMISTRY OF CONJUGATED POLYACETYLENES, S. C. Shim, S. J. Lee and

J. H. Kwon, (Seoul, Korea).

PHOTOPHYSICAL PROPERTIES OF ACRIDINE ORANGE IN REVERSED MICELLES OF DODECYL
AMMONIUM PROPIONATE. M.J. Marti, S. M. B. Costa and L. F. Vieira Ferreira,

(Lisboa, Portugal).

PHOTOINDUCED ELECTRON AND ENERGY TRANSFER REACTIONS IN OIL-IN-GELATIN

EMULSION FILMS. P. C. Evans and P. Douglas, (Swansea, U. K.).

PHOTOPHYSICAL STUDY OF TWISTED QUATERPYRIDINE COMPLEXES OF RUTHENIUM (il).

E. Amouyal, D. Azhari, J M. Lehn and R. Ziessel, (Orsay, France).
ELECTROLUMINESCENCE OF RARE EARTH TRIVALENT IONS (RE3+) AT THE SEMICONDUC-

TING-ZnO/H20 INTERFACE UNDER ANODIC POLARIZATION. D. Kouyatd, J.C. Ronfard-Haret
and J. Kossanyi, (Thiais, France).

COMPUTER SIMULATIONS OF PHOTOCATALYSIS ON POROUS SUBSTRATES.

M. Tomkiewicz and H. Wang, (Brooklyn, USA).

PHOTOCATALYSIS BY POLYOXOMETALLATES. A. Hiskia and E. Papaconstantinou,

(Athens, Gresce).

DYNAMIC ENERGY AND ELECTRON TRANSFER ON SURFACES. D.J. McGarvey,

S. McHugh and F. Wilkinson, (Loughborough, U.K.).

TEMPERATURE AND SOLVENT EFFECTS ON POLYSTYRENE CYCUZATION. A.T. Reis @ Sousa,

C.MM. Pereira, J.M.G. Martinho, J.C. André, F. Baros and M.A. Winnik, (Lisboa,
Portugal).

PHOTOCHEMISTRY OF VICINAL DI- AND TRIKETONES. J. C. N. Ferreira, V. Winlgens and

J.C. Scaiano (ltagual, Brazil).

SOLVATOCHROMISM AND SOLVATOKINETIC BEHAVIOR OF CIS-TRANS ISOMERIZATION FOR
MEROCYANINES IN MICELLAR AGGREGATES. M. H. Abdel-Kader, S. T. Abdel-Halim and

U. E. Steiner, ( Bahrain).

ELECTRONIC ABSORPTION, FLUORESCENCE AND PHOSPHORESCENCE SPECTRA OF

SELECTED METHOXYNITRONAPHTHALENES . SOLVENT EFFECTS. K. Taha-Bouamyi,

J.J. Aaron, C. Parkanyl, A. Sappok-Stang and, C. Boniface (Paris, France).

KINETIC STUDY OF THE PHOTOISOMERIZATION OF ACETOXYISOPIPERITENONE. S. A. Ndiaye

and J.J. Aaron, (Paris, France).
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SUB-PICO AND NANOSECOND TRANSFER PROCESSES IN MIXED "ELECTROSTATIC"
PORPHYRIN-PHTHALOCYANINE DIMERS. FROM THE LIQUID PHASE TO ORGANIZED MEDIA.
T.H. Tran-Thi, J.F. Lipskier, S. Palacin, S. Gaspard, D. Houde, C. Pépin, E. Készei and
J.P. Jay-Gerin, (Saclay, France).

PHOTOINDUCED ELECTRON WIRE PROPERTIES OF FACE TO FACE TRI- AND TETRA-
PORPHYRINS EMBEDDED IN ULTRATHIN MEMBRANES. P. Seta, E. Bienvenue, J.M. Janot,
A. Lamrabte, P. Maillard, G. Miquet and M. Momenteau, (Montpellier, France).
PHOTOPHYSICS AND PHOTOPOLYMERIZATION OF THIN SOLID FILMS OF 1,4-DISTYRYL-
BENZENE AND 2,5-DISTYRYLPYRAZINE. R. Lege, H. Egelhaaf and D, Oelkrug,

(Tubingen, Germany).

PHOTQELECTROETCHING OF n-SILICON. A. Lagoubi, C. Lévy-Clément,

M. Neumann-Spallart, M. Rodot and R. Tenne, (Meudon, France).

ON THE EXCIPLEX ROUTE IN THE ELECTRON TRANSFER BETWEEN N,N-DIACYLINDIGO
DERIVATIVES AND ELECTRON DONORS. J. Pouliquen, L. Atmani, J. Kossanyi, W. Wintgens
and H. Gorner, (Thiais, France).

PHOTOCHEMICAL FORMATION OF (Re(bpy)(CO){P(OEt)3)o)* AND PHOTOSENSITIZED

CO, REDUCTION. C. Pac and O. Ishitani, (Sakura, Japan).

PULSED LASER PHOTOCHEMISTRY OF PENTANAL AT 355 NM. P. Paquet,

R. Fellous, R. Stringat, and G. Fabre, (Nice, France).

LASER ABSORPTION SPECTROSCOPY OF EXCIMER LASER ABLATION PROCESS.

R. Mitzner, A. Rosenfeld and R. Kdnig, (Berlin, Germany).

OPTICAL EMISSION SPECTROSCOPY OF EXCIMER LASER ABLATION PROCESS AT
CERAMIC MATERIAL. P. Taubert and R. Konig, (Berlin, Germany).

EVANESCENT WAVE-INDUCED FLUORESCENCE OF POLYMERS. D. Phillips,

G. Rumbles, A.J. Brown, B. Crystalt and T. Smith, (London, UK).

CHANGE IN SURFACE CHEMICAL STRUCTURE OF POLYETHERSULPHONE BY EXCIMER
LASER IRRADIATION. S. Sugimoto, S. Kawanishi, Y. Shimi.4,

N. Suzuki, K. Ohnishi and S. Arai, (Osaka, Japan).

SENSITIZATION OF PHOTOPOLYMERIZATION PROCESS BY EXCITATION ENERGY
TRANSFER. B. Polacka and Z. Polacki, (Gdansk, Poland).

CONDUCTIVE ORGANIC THIN FILMS AND MEMBRANES. THEIR SCIENTIFIC
FOUNDATIONS AND INDUSTRIAL APPLICATIONS. S. K. Bahador, (Kyoto, Japan).
PHOTOSENSITIVE CHEMICALLY MODIFIED ELECTRODES ON THE BASIS OF
FLUOROCARBON POLYMERIC MEMBRANE MF-4SK. G. A. Shagisultanova,

A. M, Timonov and A. M. Titse, (Leningrad, USSR).

SPECTROSCOPY AND PHOTOCHEMISTRY OF NITROGEN DIOXIDE, AN AB-INITIO
MRD-CI STUDY. C. Godoy and G. J. Vazquez, (Morelos, Mexico).

PHOTOPHYSICS AND PHOTOCHEMISTRY OF HYDROXY- AND METHOXYBENZENES
COMPLEXED TO CYCLODEXTRINS, G. Grabner, G. Kéhler and S. Monti, (Vienna, Austria).
PHOTOSTABILIZATION MECHANISMS OF HALS : INTERACTION WITH SINGLET AND
TRIPLET ANTHRACENE. P. Bortolus, M. Camaioni, L. Flamigni, F. Minto, S. Monti and
A. Faucitano, (Bologna, ltaly).

PHOTOCHEMISTRY OF THE ALKALIDE Na*C222.Na". M. Debacker, J. F. Lacarriére and
F. X. Sauvage, (Lille, France).

IV - BIOLOGICAL ASPECTS OF PHOTOCHEMISTRY

THE PRIMARY CHARGE SEPARATION IN PHOTOSYSTEM TWO. J. Durrant, G. Hastings,

J. Barber, D. Kiug and G. Porter, (London, U.K.).

LASER PHOTOLYSIS OF THE HISTIDINE-HEME-CO COMPLEX. M.P. Fontaine-Aupart, M.C.
Marden, Y. Huang, J.L. Martin, C. Poyart, J.C, Lambry and R. Pansu, (Orsay, France).
THE TRIPLET STATE OF TRYPTOPHAN IN KERATIN AND ITS REACTION WITH OXYGEN.

G. Smith, (Lower Hutt, New Zealand).

DNA AS A SWITCH FOR THE PHOTOACTIVITY OF HYBRID MOLECULES “ZINC-PORPHYRIN
-ELLIPTICINE", S.J. Milder, B. Meunier and N. Paillous, {Toulouse, France).

THE PHOTOCHROMIC EQUILIBRIUM BETWEEN BACTERIORHODOPSIN (BR) AND ITS K
INTERMEDIATE STUDIED BY LASER-INDUCED OPTOACOUSTIC SPECTROSCOPY (LIOAS)
WITH NS AND SUB-PS LASER PULSES. M. Rohr, W. Gartner, G. Schweitzer,

A. R. Holzwarth and S. E. Braslavsky, (Mulheim a.d. Ruhr, Germany).
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REACTIONS OF VINYL PORPHYRINS WITH SINGLET OXYGEN . RELEVANCE TO
PHOTOCHEMOTHERAPY. B, Aveline, O. Delgado and D. Brault, (Parls, France).
REACTION INTERMEDIATES OF A DIHYDROPYRIDINE DERIVATIVE OF AZT RELATED TO
AIDS DEMENTIA, STUDIED BY 355 NM NANOSECOND LASER FLASH PHOTOLYSIS.

B. Czochralska, L. Lindqvist and P. F.Torrence (Orsay, France),

FLUORESCENCE SPECTROSCOPY AND TRYPTOPHAN CONTENT OF CHLOROPLAST COUPLING
FACTOR 1 "CF1". H. M. Younis, (Alexandria, Egypt).

HOLE BURNING STUDY OF INTACT CELLS OF PHOTOSYNTHETIC GREEN BACTERIA,

K. Mauring, L. Shibaeva, A. Taisova and 2. Felisova, (Tartu, Estonia).
PHOTODYNAMIC THERAPY AS A CHEMICAL KINETIC PROCEDURE. D. Gal, G. Moger,

T. Shulkovskaya, L. Siimegi, T. Vidoczy and H.A. El-Zemzam, (Budapest, Hungary).

V - ENVIRONMENTAL PHOTOCHEMISTRY.

PHOTOLYSIS OF BIACETYL-OXYGEN MIXTURES IN THE TEMPERATURE RANGE OF 233-
333 K : KINETICS AND MECHANISM OF THE REACTION SYSTEM CH,CO0,-CH,0,-HO,.

0. Horie and G. K. Moorigat, (Mainz, Germany).
LASER EXCITATION OF THE A% *, A%, AND C'x',| STATES OF MOLECULAR OXYGEN.

J. Wildl, G. Bednarek, E.H. Fink and R. P. Wayne, ((Oxford, UK).

SOIL SENSITIZED PHOTODEGRADATION OF BIORESMETHRIN, P. Clements and C.H.u. Weils,
(Kingston upon Thames, UK.}

PHOTODEGRADATION OF TRIBUTYLTIN (TBT) IN ENVIRONMENTAL WATER: THE ROLE OF
THE SURROUNDING ATMOSPHERIC GASES. J A. Navio, F. J. Marchena, C. Cerrillos and

F. de Pablos, (Sevilla, Spain).

KINETIC STUDY OF THE REACTION OF NO3 WITH HO2. A. Mellouki, R. Talukdar,

A.M.R.P. Bopegedera and C. J. Howard, (Boulder, USA).

UV ABSORPTION CROSS SECTIONS OF FORMYL BROMIDE AND CARBONYL DIBROMIDE.

H.G. Libuda, F. Zabel and K.H. Becker, (Wuppertal, Germany).

PHOTOCATALYTIC DETOXIFICATION OF POLLUTED AQUIFERS: POTENTIALS AND PROBLEMS.
D. Bahnemann, D. Bockelmann, R. Goslich and K. Wollf, (Hannover, Germany).
PHOTOOXIDATION OF ANTHRACENE IN AQUEOUS SOLUTION. A, Hirmann, G. Manivannan,
R. Pagni, M. Sigman and J. Wirz, (Basel, Switzerland).

LABORATORY STUDIES OF THE MECHANISM OF THE OXYGEN AIRGLOW. J. A. Steadman and

B. A. Thrush, (Cambridge, England).

THE PHOTOCATALYSED REDUCTION OF THREE OXOANIONS, M. A, Malati, (Chatham,
England).

SPIN-TRAPPING STUDIES OF THE PHOTOCATALYTIC DEGRADATION OF ACETIC AND

CHLOROACETIC ACIDS IN AQUEOUS POLYCRYSTALLINE TiO, DISPERSIONS.

A, Chemseddine and H. P. Boehm, (Berlin, Germany).

REACTIONS.OF CARBONYL HALIDES OF ATMOSPHERIC INTEREST. C. Balestra-Garcia,
D. Scollard, G. Le Bras, G. Poulet and H. Mac Leod, (Orldans, France).

THE PARAMETERS AFFECTING THE RECUCTION OF AQUEOUS CARBONATE PHOTOCATALYSED

BY TREATED SEMICONDUCTORS. M, W. Rophael and L. B. Khalil, (Giza, Egyp).
PHOTOCATALYTIC DEGRADATION OF SURFACTANTS FOR ENVIRONMENTAL CONCERN IN

AQUEOUS SYSTEM. H. Hidaka, J. Zhao, N. Serpone and E. Pelizzetti, (Tokyo,Japan).

THE PHOTOCATALYZED REMOVAL OF ORGANIC CONTAMINANTS FROM WATER, H, Al-Ekabi,

T. Bolton, G. Edwards, W. Holden and J. Story, (London, Canada).

KINETICS OF THE REACTIONS OF CXg (X=F, Cl) WITH O2 IN THE PRESSURE RANGE

0.5-8 TORR AT 295 K. N. Washida and K. Yamamoto, (Tsukuba, Japan)

THE PHOTOCHEMISTRY OF THE MARTIAN ATMOSPHERE : A REVISIT, M.T. Leu,

(Pasadena, USA).

VI- INSTRUMENTATION AND NEW TECHNIQUES IN PHOTOCHEMISTRY

PHOTOISOMERIZATION OF STILBENE AND AZOBENZENE DERIVATIVES IN POLYMER
FILMS : INFLUENCE ON SECOND HARMONIC GENERATION. J. Delaire and R. Loucif-Saibi,
(Orsay, France).

NEW ADVENT IN PHOTOCHEMISTRY : ATOMIC FORCE MICROSCOPY. G. Kaupp,
{Oldenburg, Germany).

s fravte S




12

VI-3 LASER SPECTROSCOPY AND ABLATION OF AN OPTICALLY-TRAPPED MICROCAPSULE.
N. Kitamura, H. Misawa, K, Sasaki, M. Koshioka and H. Masuhara, (Kyoto, Japan).
VI-4  FLUORESCENCE DYNAMIC ANISOTROPY OF AN OPTICALLY-TRAPPED MICROPARTICULE.
K. Sasaki, M. Koshioka, H. Misawa, N. Kitamura and H. Masuhara, (Kyoto, Japan).
VI-5  OPTICAL MANIPULATION AND PHOTQCHEMICAL FIXATION OF POLYMER LATEX
PARTICLES. H. Misawa, K. Sasaki, M. Koshioka, N. Kitamura and H. Masuhara,
(Kyoto, Japan).

Vii- APPLICATIONS OF PHOTOCHEMISTRY.

Vii-1 METAL-LOADED T02 PHOTOCATALYZED REDUCTION OF CO, TO HYDROCARBONS.
O. Ishitani, and T. Ibusuki, (Tsukuba, Japan).

Vil-2 NaOH-ETCHING ADVANTAGE OF n-Si PHOTOANODES. G. Li, S. Wang, H. Xiang and
N. Getoff, (Jinan, China).

VIl-3 FORMATION AND PROPERTIES OF ULTRAFINE IRON PARTICLES USING A TEA CO2 LASER.
T. Majima, T. Miyahara, K. Haneda and M. Takami, (Saitama, Japan).

VIi-4 VISIBLE LASER LIGHTS INDUCED POLYMERIZATION REACTIONS, J.P, Fouassier, S.K. Wu
and E, Chesneau, (Muthouse, France).

VII-5 NEW SUPERSTABLE MOLECULES FOR LIGHT-INDUCED ELECTRON-TRANSFER. H. Diirr,
S. Bossmann, M. Seiler, R. Hayo and C. Kranz, {Saarbriicken, Germany).

VIi-6 OPTICAL INFORMATION PROCESSING WITH BACTERIORHODOPSIN AND ITS GENETICALLY
MODIFIED VARIANTS. C. Brauchle and N. Hampp, (Miinchen, Germany).

ViI-7 TIME RESOLVED REFLECTIVITY AS A PROBE OF THE DYNAMICS OF LASER ABLATION OF
ORGANIC POLYMERS. G. Paraskevopoulos, D. L. Singleton, R. S. lrwin and R.S. Taylor,
(Ottawa, Canada).

VIi-8 PHOTOCHEMICAL PROTON-TRANSFER LASERS. B. M. Uzhinov, (Moscow, USSR).

VIi-9 PHOTOCHEMICAL BEHAVIOUR OF WOOD IRRADIATED WITH A SOLAR-TYPE LIGHT :
MOLECULAR ASPECTS. M.C. Triboulot-Trouy, D. Masson, A. Merlin and X. Déglise,
(Nancy, France).

VIi-10 SYNTHESIS OF NANOSCALE Si-BASED POWDERS BY LASER DRIVEN REACTIONS.

M. Luce, O. Croix and M. Cauchetier, (Saclay, France).

VIil-11 DETECTION OF NO IN THE POST-DISCHARGE OF A No/Op MICROWAVE PLASMA USING AN
ArF LASER, C. Lalo, J. Deson, C. Cerveau and R. Ben-Aim, (Paris, France).

VIi-12 PHOTOELECTROPHYSICAL AND SPECTRAL CHARACTERISTICS OF SOLID-STATE LIGHT
ENERGY CONVERTERS BASED ON AN INORGANIC SEMICONDUCTOR-ELECTRICALLY
CONDUCTIVE POLYMER STRUCTURE. V. D. Pokhodenko and N, F. Guba, (Kiev, USSR).

V11-13 THE CREATION OF THE DATABASE ON PHOTOCHEMISTRY AND LUMINESCENCE.

J. Malkin{Rehovot, Israel).

Vil-14 PROGRESS ON SACRIFICIAL PHOTOINDUCED HYDROGEN PRODUCTION. C. Kdnigstein and
R. Bauer, {Vienna, Austria).

V1i1-15 PHOTOCHEMICAL ENGINEERING AND SUPERCRITICAL FLUIDS. M.L. Viriot, M.C. Carré,
H. Aziz and J.C. André, (Nancy, France).

VIi-16 PHOTOCYCLIZATION IN SYNTHESIS OF CATHARANTHINE AND ITS DERIVATIVES.

H. Boicskei, E. Gacs-Baitz and C. Szantay, (Budapest, Hungary).

S- SUPPLEMENTARY ABSTRACTS (upon request only).

S-1  TIME RESOLVED SPECTROSCOPY OF GASEOUS XENON AND THEIR MIXTURES WITH Hp
AND Dg EXCITED WITH SR IN THE VICINITY OF THE FIRST RESONANCE LINE.
A. V. Kanaev, T. Méller and P. Gurtler, (Moscow, USSR).
§-2 SO, FLUORESCENCE IN A MAGNETIC FIELD iN COOLED SUPERSONIC MOLECULAR JETS.,
K.A. Amosov, S.A. Kochubei, K.N. Naumochkin, V.I. Makarov, 1.V. Khmelinski and
N.M. Bazhin, (Novosibirsk, USSR).

S-3 THE STRONG ISOTOPE EFFECT IN THE RECOMBINATION OF NITROGEN AND OXYGEN
ATOMS ACCOMPANIED BY RADIATION. A.A. Matveev, A. M. Pravilov and A, F. Vilesov,
(Leningrad, USSR).

S-4  METHOD OF QUANTITATIVE LASER-INDUCED KINETIC CHEMILUMINESCENCE
SPECTROSCOPY. S.M. Egorov, A.M. Pravilov and V.A. Skorokhodov, (Leningrad, USSR).
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BLUE EMISSION OF HEATED CO2 : CHEMILUMINESCENCE OR THERMAL EMISSION?

Y.B. Scheck, S.G. Khidirov and L.I. Bubnava, (Moscow, USSR).

KrXeF EMISSION SPECTRUM AND XeF (B->C) RELAXATION. N.K, Bibinov,

I.P. Vinogradov, V.V. Grebenev, G.A, Zikratov and D.B. Koch, (Leningrad, USSR).

THE INFLUENCE OF MICROENVIRONMENT ON THE PHOTOCHEMICAL BEHAVIOUR OF THE

PORPHYRIN-VIOLOGEN DYAD. E. Batova, P. Levinand V.Shafirovich, (Moscow, USSR).

CONFIRMATION OF THE TWIST OF "ANILINES" IN THE GROUND STATE BY HYDROGEN

BONDING. ROLE OF WATER TRACES IMPURITIES ON THE SPECTROSCOPY OF SOLUTIONS.

C. Cazeau-Dubroca, A. Pelrigua, G. Nouchi, P, Cazeau and M. Pesquer, (Talence, France)

THE STUDY OF THE PHOTO- AND RADIATION CONVERSION OF SUBSTITUTED N'-5-

NITRO- (FURFURYLIDENE)-BENZOHYDRAZIDES BY AN ESR METHOD.D.A. Gordon,

A.l. Mikhailov, LI, Chuev and S.M. Aldoshin, (Moscow, USSR).

PHOTODISSOCIATION OF ANTHRACENE ENDOPEROXIDE AT LOW TEMPERATURES IN

METHANOL GLASSES. V.V. Korolev, D.G. Sushkov and N.M. Bazhin, (Novosibirsk,USSR).

ANEW METHOD OF STUDYING THE MECHANISM OF PHOTOCHEMICAL REACTIONS OF
RADICALS. E. M. Korol'kova, V. A. Radzig and M. Y. Mel'nikov, (Moscow, USSR).

TIME-RESOLVED CIONP IN ELECTRON TRANSFER REACTIONS. A. |. Kruppa and

T.V. Leshina, (Novosibirsk, USSR),

QUANTUM CHEMICAL INVESTIGATION OF THE PHOTOPHYSICAL AND PHOTOCHEMICAL

PROCESSES IN ORGANIC MOLECULES. G. Mayer,V. Artyukhov, O, Bazyl, R. Kuznetsova
and A, Karipov, (Tomsk, USSR).

OUGOORGANYLSILSESQUIOXANES AS A NEW CLASS OF PHOTORESISTS.

V. Lavreiit'ev, (Novosibirsk, USSRY).

NUCLEAR POLARIZATION STUDIED IN HIGH MAGNETIC FIELD DURING PHOTOCHEMICAL
REACTIONS IN SOLIDS. A, Obynochny and R. Sagdeev, (Novosibirsk, USSR).

THE PHOTOCHEMISTRY OF THE DITHIOCARBAMATO Ni(IV) COMPLEXES.

V.F. Plyusnin, E.P. Kuznetzova and S.V. Larionov, (Novosibirsk, USSR).

LOW AND HIGH FIELD CIDNP APPLICATION TO STUDY OF FREE RADICAL REACTION

MECHANISMS. N.E. Polyakov and T. V. Leshina, (Novosibirsk, USSR).

PHOTOISOMERIZATION AND PHOTODIMERIZATION OF DIARYLETHYLENES IN

AMORPHOUS STATE. A.G. Rachinsky and V.F. Razumov, (Moscow, USSR).

PHOTOCHEMICAL PROPERTIES OF AMORPHOUS AND CRYSTALLINE MICRODISPERSIONS

OF DIARYLETHYLENES. V.F. Razumov and A.G. Rachinsky, (Moscow, USSR).

MAGNETIC FIELD EFFECT ON THE RECOMBINATION OF THE TRIPLET RADICAL ION PAIR

STATE OF THE SYNTHETIC REACTION CENTERS. V. Y. Shafirovich, (Moscow, USSR).

PHOTOLYSIS OF AZIDO ARYLAZOMETHINES : PHOTOISOMERIZATION OF NITRENS IN

RIGID SOLUTIONS. V. Smirnov, (Moscow, USSR).

EFFECT OF HICH INTENSITY LASER IRRADIATION ON THE PHOTOCHEMISTRY OF

TRIENES. I. Terenetskaya and A. Serikov, (Kiev, USSR).

SEARCH FOR THE TRANSIENT SPECIES IN THE QUENCHING OF SINGLET MOLECULAR

OXYGEN BY COBALT COMPLEXES. T. Vidoczy and S. Németh, (Budapest, Hungary).

SPIROPYRANS. STRUCTURAL FEATURES AND PHOTOCHEMICAL PROPERTIES,

S. M, Aldoshin and L.O. Atovmyan, (Moscow, USSR).

THE INFLUENCE OF POLYMER STRUCTURE INHOMOGENEITY ON OXYGEN QUENCHING OF
PHENANTHRENE PHOSPHORESCENNCE IN POLY (METHYL METHACRYLATE). VA,

Bagryansky, V.V. Korolev, V.A. Tolkaichev and N.M, Bazhin, (Novosibirsk, USSR).

STUDY OF PHOTOINITIATED ACRYLAMIDE POLYMERIZATION IN THE PRESENCE OF

DIMETHYLSULFOXIDE USING 1H CIDMP METHOD. V.. Maryasova,A.l. Kruppa,
T.V. Leshina, A.A, Vedeneev and L.V. Khudyakov, (Novosibirsk, USSR},
SPECTROSCOPIC AND PHOTOPHYSICAL STUDIES OF GOSSYPOL IN SOLUTION,

B. Marciniak, H. Kozubek, J. Koput, S, Paszyc and B. Brzezinski, (Poznan, Poland).
PHOTOISOMERIZAT.ON OF PROVITAMIN D4 IN MICELLAR MEDIA.

1. Terenetskaya, O. Perminova and A, Yeremenko, (Kiev, USSR).

KINET'C STUDIES OF THE NUCLEOPHILIC QUENCHING OF PHOTOEXCITED
NITROARYL ETHERS BY UNIVALENT ANIONS IN CATIONIC MICELLAR SOLUTION.

A, C. Tedesco, R.M.Z. Georgetlo, F.H. Quina and J.B.S. Bonilha, (Sao-Paulo, Brasil).
PHOTOPROCESSES IN SURFACE ABSORPTION BAND OF OXIDES : CHARGE SEPARATION.
RADICAL FORMATION AND THEIR REACTIONS. A. Volodin, (Novosibirsk, USSR).
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SPECTRAL SENSITIZATION OF WIDE BAND GAP SEMICONDUCTORS BY ADSORBED
MOLECULES IN LIQUID ANS GAS PHASE : PHOTOCATALYSIS AND PHOTOADSORPTION.
V. S. Zakharenko and V. N. Parmon, (Novosibirsk, USSR).
PHOTOINDUCED INTERACTION OF DYE-LIPID IN MODEL BIOLOGICAL MEMBRANE.
C. S Varma and 8. B. Bhowmik, (Calcutta, India).
PHYSICAL METHOD TO CONTROL THE MOLECULAR MECHANISM OF THE LOW-
INTENSIVE He-Ne LASER LIGHT THERAPEUTICAL ACTION. V.N. Genkin and
N.V. Rukhman, (Novgorod, USSR).
PHOTOETCHING OF POLYMER FILMS (PMMA) BY Nd LASER HARMONICS RADIATION.
A.A. Babin, N.M. Bityurin, A.V. Polyakov and F.I. Feldstein, (N. Novgorod, USSR).
PHOTOCHEMISTRY METHODS FOR CONTROLLING PARAMETERS OF A LATENT IMAGE USED
IN SUBMICRON LITHOGRAPHY. V.N. Genkin, (N. Novgorod, USSR).
EXCIMER LASER ETCHING OF RARE EARTH b-DIKETONATE FILMS. E.M. Glebov,
V.F. Plyusnin and T.N. Martynova, (Novosibirsk, USSR).
INVESTIGATION OF THE MECHANISM OF PHOTOCHEMICAL SMOG FORMATION.
V.B. Mikheev and V.M. Moralev, (Novosibirsk, USSR).
FLASH PHOTOLYSIS STUDIES ON A WATER PHOTODECOMPOSITION SYSTEM Ho
GENERATING. T. Oncescu, M, Stefan and S. lonescu, (Bucharest, Romania).
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HULTIHPHGHON SPFCTRUSLOPY OF §RLE, RAQICALS
K. H. R, Ashfold

School of Chemistry, University of Bristol, Bristol HS8 11§, UK.

The current gencration of pulsed, tunable dye Jasers can provide narrow
bandwidth radintion of sufficicnt intensity that multiphoton excitation
processes become a real possibility. Multiphoton exeltation methods provide
speciruscopists with a means of reaching, and therefore probing, excited states
the population of which may be forbidden, by the electric dipole sclection
rules, in conventional one photon spectroscopy. They can nlso offer the
benefits of operationnl convenience: using multiphoton excitation methods it is
possible to probe excited states lying at vacuum ultraviolet (VUV) equivalent
encrgies without the attendant practical difficultics traditionally associated
with working in the YUV spectral reglon.

In addition to betng convenient and (ns shown below) species selective,
mift{photon excitation methods can offer very high scnsitivity. This
sensitivity arisecs becnuse molecules that undergo sultiphoton excitation to the
resomint state of intcrest will, almost inevitably, nbsorb one (or more) further
phiotons from the intensc radiation field prevailing within the focal reglon of a
focusscd dye laser pulse nnd thereby be raiscd to on encrgy above the jonisation
potential (I.P.}. The resulting fons (and/or electrons), being charged
particles, can be detected with high efficiency. Such multiphoton fonisation
processes provide a means of preparing internal state and/or energy sclected
fons for studies of lon fragmentation pathways and fon-malecule reactions [1].
Here we concentrate attention on what information multiphoton fonisation {(MP'l)
spectroscopy can provide about the resonant {ntermediate state of the neutral
molecule reached by the fnftial multiphoton excitation process., One arca of
grent current interest concerns the application of such methods to frce radical
species [2]. In this contribution we describe recent multiphoton fonisation
studies of the imidogen, Nil, radical which illustrate many of the virtues of
multiphoton excitation methods,

Using near UY pliotolysis of HHy(LN;) as a convenient source of NI(ND)
radicals {n thelr metastable atA state ve have obtained numerous new,
rotationaily resolved, resonance enhanuce HPI spectra of these two species.
Spectroscopic analysis shows the resvnance cnhancement in alf cases to date to
be provided by singlet exclted states resonant at the two photon energy.

The longest wavelength features observed [3,4] in the spectra of both Nif
and ND (A, ~285nm) may be shown to involve the origin levels of the high lying
d'L’ valence state previously jdentified via analysis of fts emission to the
lower lying c'll and b'XI* states [5]. All levels with v'$ 2 in both isotopic
species have been characterised in the present work, and we have been able to
provide the {irst nccurnate estimate of the well-depth of the d state potentind
functfon. Note that this d'L’-a's transition wifl not appear In the one photon
absorption spectrum of n'A imidogen radicals since 1t involves a AA = -2 change.
The most Interesting nspeet of these spectra, however, is the observution that
the HP'l process via thesc levels of the d'Y' state yields both parent Nit*(RD*)
and atomic fragment N* and H'(D°) tons, with relative ylelds that are strikingly
dependent upon the precise excitation wavelength and/or the particular
vovibronic level causing the two photon resonant enhancement {4,6]. Fig, i,
which shors cxcitation spectra for forming fons with w/z=16 (ND'), 14(N’) and
2(D*) following excitution of NU(a'4) radfcals at wavelengths around 285um,
provides clear {llustration of this dependence. Three possible mechanisms for
fragment fon formation have been considered (4], of which four photon ionisation
doubly resonance enhanced first {at the tro photon energy) by levels of the d'%°
state and then (at the three phioton energy) by autolonising members of Rydberg
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Figur 1. Two photon resonant XPI spectra of the ND(d'I’-a'4) origin band
obtay «d using linearly pularised laser excitation and monitoring (n) the
m/z=17, (b) the m/z=14 and (c) the m/2=2 ion mass channels. Each spectrum has
beer, arbitrarily scaled to the same mxfmum peak hefght. Indfvidual line
assignements are indicated by the combs superimposed ubove the excitation
spectrum for forming parent ions.

series converging to onc or more of the excited fonisation Jimits is cons{dercd
most likely to nccount for the substantially enhanced N* fon yiclds observed
when MPI occurs via a selected subset of the d-a resonances.

To date, we have recorded, nnd analysed, resonance enhanced MPI spectra of
a'4 state NI(HNDL) radicals down to excftatfon wavelengths around 236mm. The
spectra become increasingly complex and densely structured as the laser
excitation frequency is increased. In the cnse of NIj we nre able to nssign
virtually all of the observed lines; The corresponding spectra in N are
*enriched’ by the presence of quite strong hot-band transitions orfginating from
a'd state levels with v ) 0 and, in addicion, show evidence of qufte strong
perturbations: as a result we have so far only succeeded in assigning about 80%
of the observed rovibronic features. Here we choose to summarise the results of
Just one of these analyses, involving a 'If excited state, which {llustrate
several features of interest, The origin band of this ‘If « a4 transition
appenrs strongly in both NH and ND at cxcitation wavelengths around 272um. We
assign this excited state ns a Rydberg state, with dominant configuration
s 307130t . The NH spectrum is noteworthy in as much that St reveals the
excited state to be affected by a local, rotational level dependent,
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predissociation - as cvidenced by the anomotously wenk showing of transitions
Involving lovels with J'n 7-9 (fig. 2). Our NH spectra reveal no evidence of
resonance chliancements tnvolving levels of this i state tith v'> 0. In
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Figure 2, Two photon resonant RPI spectrum of the MI(*#-nta) origin band
obtained using lincorly polarised laser excitation and monltoring the m/z=15 fon
mss channel.  Individual line assignments are indicnted by the superimposcd
combs. Note the onomolous weak showing of transitions juvolving Ml state levels
with J'=7,8,9.

contrast we sca fcatures actributable to the v'= 1 and 2 levels of ND('0) but,
upon onalysis, ft is clear that these nppear only because they interact with,
are perturbed by, and borrow transition intensity from, the near resonant v'=20
and 1 levels of the higher lying 1A Rydberg state arising from the configuratjon
...30%in'3prt, Deperturbed spectroscople constonts for both sets of
interacting levels have been obtained,

These examples serve to highlight the following advantageous fcatures of
resonance enhanced HPI spectroscopy as o means of probing free radical species:
(1) In the case of smll freec radicals which happen to possess onc or mure

exclted states with a lifetime in excess of a few plcoscconds, resonance
enhanced MPL can provide spectra, with high signal to noise, that are utterly
clarncteristic of the species under investigntion. Thus, resohance cnhanced MP]
spectroscopy can provide a highly sensitive, selective and specific detection
method.

(41) Multiphoton excitation spectra generally satisfy different selection rules
from those governing traditional one photon tronsitions. As o result, the
techiique has the potential to reveal wany hitherto unknown excitea clectronic
states of malecules, some of which can be expected to feature in new and
{mproved detection schemes.,

(114) As figs 2 {llustrates, the competition between the {inal onc photon
fonisation step and any other population loss processes from the resonant
intermediate state (e.g. predissociation) can show up particularly clearly -
most notably through a marked diminution in the intensity of spectral features
involving the wore short lived levels. Thus careful analysis of the relative
rovibronic line intensities in such multiphoton lonlsation spectira have the
capacity to reveal dynamical as well os spectroscopic information about the
resonance enhancing excited state [7).
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DYNAMICS OF PHOTOINDUCED REACTIONS IN CLUSTERS
R.B. Gerber@ ) R, Alimi(@M®),
A. Curcla- Vel ) and Y, Hurwitz®
@Depariment of Physical Chemistry and
The Fritz Haber Research Center for Molecular Dynimics
‘I'he Hebrew University, Jerusalem 91904, Israel
and
®)Deparunent of Chemistry, University of California
Irvine, CA 92717, US.A,

The effect of weuk solvation bonds on molecular reactions is a fundumental topic in
chemical dynamics in condensed phases. The study of photochemical reactions in clus-
ters opens a novel approach te this subject, via sysiems that enable important theoretical
and experimental advantages. There has been vigorous experimental activity in this field
recently, e.g., 4™, The theoretical results described in this presentation deal with three
questions in this ficld: (1) Is there a cage effect for photodissociation in clusters, and how
does the effect depend upon cluster size, This is examined particularly for the photolysis
of HI in Xepn(I11), for N in the range from N=1 to N=12, (2) What is the role of colli-
sions between photofragments and “solvent atoms” in the cluster. This is described, e.g.,
for photolysis of IICl in the ArlICI cluster. (3) What are the mechanising of reactions
between photofragments and molecules in the cluster, This questions is explored for
(HCD);., In pan, the studies were carricd out using classical trajeclory caleulations, The
other method used extensively in this work is a hybrid quantum/classical approach reat-
ing light aioms (11) by time-dependent quantum wavepackets, and heavier atoms by clas-
sicu) dynamics, the coupling between the classical and quantum modes being treated by
the Time-Dependent Self-Consistent Field (TDSCF) scheme.

The main specific results obtained for photolysis of 111 in Xen(111) are: (1) Even for
the case of a simple solvent atom, Xelll, a weak cage effect is found. It leads to reso-

nances in the photodissociation comesponding to bouncing of the H aom between the




0-6

heavy woms. (2) For N 2 5, the resonances dominate the photodissociation behavior,

leading to a dramatic increase in the photodissociation lifetime, to a "statisticul” disiribu-

tion for the final energy of the 11 product, und to a behavior quite similar to that in con-

densed matier Xe, This sharp change in behavior with cluster size at N =5 is due to stetic

"trapping” of the 11 photofragment, The lifetime distribution vs. clusier size is shown in

Fig. 1.

Fig. 1, The "survival probability” as a funciion of time
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The studics on photolysis of HCl in ArlICl showed that collisions between the 11

fragment and the heavy atoms play an important role in the process, and multiple colli-

sions (up 10 n S 5) are signilicant, The collisions lead 10 a broad energy distribwion for

the T fragment, in sharp contrast to isolated HCI photolysis, The energy distribution in

the photolysis of ArtICl is shown

in Fig. 2.

Fig. 2. Classical and quasiclasyical kinetic encrey distribution of 1 photofragment.
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The swdics on the photolysis of (HCl); huve shown thut the "lloppy" geomewy
results in o high probability for the intra-cluster substitution reaction in which & nascent
11 photofragment displaces the 11 of the other 1CI, The geometry of this process implics
very high v,J states for the final [1Cl. An important typical path for the intracluster reuc-
tion is shown in Fig. 3.

Fig. 3. The Sn2 mechanism,
s H' + ClHi(v=0,J20) seeeced H'Cl{vn6,J230) + 1
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This work shows that photodissociation in clusters can be, and very often is, very
different from the corresponding process in isolated monomers. Very often, the cluster
effects manifest themselves as new interesting types of resonances, Some of the effects
found suggest u strong link between photochemistry in clusters and the corresponding

processes in condensed malter.
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THE HCO POTENTIAL ENERGY SURFACE:
PPROBES USING MOLECULAR SCATTERING AND PIIOTODISSOCIATION

P. L 1ouston, S. 11, Kable,™ G. C. McBane,(*)
D. W. Neyer, J.-C. Loison,!) and 1. Burak(®)

Department of Chemistry
Cornell University
Ithaca, New York 14853-1301

U.S A
An ab initie HHCO potential Wa— . I
energy surface has been i § i \P v'eo |
calculated by Bowman, o) i ]
Bittman, and Harding. Two ) !
types of experiments in our 10 \ i '“Hf.{ "”’
laboratory have been ¢
performed to probe the a 02 thad *""”*1""‘”0'*_}*
accuracy of this surface, :" H l} j
First, hot hydrogen atoms 3 “ {}H\
with center-of-mass §°, f{*{l I
collision cnergics of 1.6 or § }
2.3 eV have been scattered G o0
from CO. The H atoms are ez
created by photodissociation o010 ’
of 1,5 at 222 and 193 nm,
respectively, The resulting °°= %Hl{{ [! “
CO vibrational and s
rotational distribution has °°°o "“""’""“’“““‘ 50

been measured using tunable

VUV laser-induced Figurel Relative populations for v-O. 1, and 2 scattered CO. The
fluorescence, Comparison Circles give experimental measurements, while the solid line gives the
between experiment and result predicted by the classical trajectory calculations,

theory is shown in Fig, 1.

Second, HCQ has been created from photolysis of acetaldehyde and then dissociated using
visible fight on the A (A”) «— X (A’) transition, Following a crossing back to the X (A’) surface, the
HCO dissociates to 11 + CO. These fragments are then probed by YUYV laser-induced flaorescence.
By fixing the probe w.. velength and scanning the visible HCO photolysis wavelength, we learn about
the 11CO A (A") surface. A samrle photofragment excitation spectrum obtained by monitoring the
CO(v=0, J=30) product is shown in Fig, 2.

Current addresses:

(a) Environmental Division, Proctor and Gamble, Egham, Surrey, TW20 9NW, England.
(L) Department of Chemistry, University of Minnesota, Minneapolis, MN 55455, USA.
(c) Lahoratoire de Photophysique Moléculaire, Uaiversité de Paris-Sud, Orsay, France.
(d) School of Chemistry, Tel Aviv University, Tel Aviv, Isracl.
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By fixing the photolysis wavelength and scanning the probe laser, we learn about the dynamics of
dissociation on the A and X surfaces. For example, increased excitation of HCO bending results in
rotational excitition of the CO product, as shown in Fig, 3. ‘The talk will summarize the results and
discuss the agreement between experiment and theory,

Efteel of (1CO bend i 11CO dissociation
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SOLVATION EFFECTS ON SUBSTITUTED AROMATIC MOLECULES
IN SUPERSONIC JETS
F. LAHMANI, A. ZEHNACKER-RENTIEN and J. SEPIOL(*)
Laboratoire de Photophysique Moléculaire
Bat.213 - Université de Paris-Sud
91405 - ORSAY Cedex, France

Résumé ;

Les interactions soluté-solvant dans les complexes de van der Waals, constitués de
molécules aromatiques substituées, associées & des solvants usuels, ont £té étudiées par les
techniques de fluorescence induite par laser. Deux systtmes sont examinés plus
particuli¢rement : le 9-methoxyanthracene associé A des solvants protiques et le 1~
cyanonaphtalene liés & des solvants polaires. Les déplacements spectraux, la modification des
propriétés photophysiques, In formation d'isomires mettent en évidence l'influence des

interations locales avec le substituant sur le comportement de Ia molécule monosolvatée,
L L2 T3 L

The generation of molecular complexes of weak bonding energy in supersonic expansions
provides an unique way to study in isolated conditions the interaction between molecuies.
When combined w:th laser excitation, this method allows to investigate at the molecular level
the modifications of excited states propertics (energy and relaxation processes) induced by the

presence of a perturbing ligand.

Jet spectroscopies on molecular complexes involving large aromatic compounds have been
widely developed since a few years with the aim to give a better understanding of the
photochemistry and photophysics in solution(1),

Although the understanding of solvatochromism when going from gas phase to solution
requires investigations of the influence of the size of the cluster on molecular propenies(z), it
is also of interest to study solute-solvent site dependent interactions in the case of I:l
complexes, Substitution of aromatic molecules by an electron accepting or donating group
introduces a new site for the attachment for the ligand different from the aromatic ting where
the interactions are mainly determined by dispersive forces.

(*) On teave from the Institute of Physical Chemistry, Polish Academy of Sciences, 44
Kasprzaka, 01-224 \WARSAW, Poland

Whe s Ly n
Fharfvaide .« v




0-12

Such studies are expected to provide models to test the theory of solvent effects in relation
with the modification of electron distribution density, the description of intra and inter-

molecular charge transfer and acid-base propertics in the excited state.

Several aspects of the behavior of the complexes formed between polar aromatic molecules
and polar solvents in a supersonic expansion probed by laser induced fluorescence techniques
will be illustrated here with particular focusing on the solvent induced spectral shift of the Sq-
§, 0-0 transition, fluorescence decay times and isomer formation.

COMPLEXES OF 9-METHOXYANTHRACENE WITH PROTIC SOLVENTS

The 9-methoxyanthracene chromophore (MeOA) has been selected as an aromatic ether
since the O atom of the methoxy substituent provides a site for specific interactions with
hydrogen bond donating solvent. Thus these complexes differ from the hydrogen bonded
complexes investigated so far which involve an acidic chromophore such as phenol or 1-

naphtol and prolon accepting solvents(3),
Microscopic solvent shift

We have carried out a systematic study of the microscopic solvent shift induced by
complexation with a large series of proton donating solvents extending from 11,0, Cl11,0H,
ethanol, }-propanol, 2-propanol, 1-butanol, tert-butanol, CF,CIH,OlHl, (CF,),CHO! and
HCI. Addition of these protic ligands to jet cooled 9-methoxyanthracene gives rise to new
bands in the fluorescence excitation spectrum readily assignable to the formation of 1-1

complexes.

In most cases, the strongest band is blue shifted with respect to the origin of the MeOA
origin. For the MeOA-CH,0H system, a red shifted spectrum similar to that appearing in the
complexation of methylanthracene with CH3;OH has been observed and assigned to the
complex involving the interaction of the solvent with the anthracene ring. Blue shifted bands
have also been identificd for the complexes of MeOA with 2 molecules of 1{,0 and Ch;0l1,
Complexation of MeOA with higher alcohols gives rise to multiple origins in the excitation
spectrusn which have been attributed to the presence of different conformers in the supersonic
jet. These attributions have been confirmed by the hole burning spectroscopic techniques.

The blue shift of So-S, transition of McOA is characteristic of the presence of the
methoxy group and constitutes the signature of an hydrogen bond between the aromatic ether
and the acidic hydrogen of the alcohol. The magnitude of the blue shift has been related to the

e ey
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acidity of the solvent. The acidity of the alcohiols in the gas phasc is known to increase from
methanol to tert-butanol while the reverse order is observed in solution, The observed trend of
microscopic solvent shift in jet follows the solution behavior rather than the gas phase order,

Relaxation processes

In many anthracene derivatives such as MeOA an efficient nonradiative 1SC channel from
the S, is opened due to the presence of a ncarby higher triplet state Tn(4). In solution this
process is thermally activated indicating that T, is located higher in energy than S4. In jet
cooled conditions, the S,-T, energy gap is reversed, S, lying at higher energy than Tp.
However, due 1o the sparse set of Ty, levels coupled with S, 0° ievel this process is expected to
be very sensitive 1o accidental degeneracies, These expectation is illustrated in the case of
MeOQA-1-propanol complex. which exhibits at origin a much shorter decay time (10 ns) than

the other complexes.

In the case of excitation of higher vibronic levels of the anthracene ring, the fluorescence
of the excited complexes does not coriginate from the initial excited state as seen in the
dispersed emission spectra but from the many levels populated by internal vibrational
redistribution, This process results from the vibrational coupling with intermolecular as well as
intramolecular low frequency modes. Thus the decays may differ according to the nature of the

populated levels,

An example of this behavior is observed in the case of MeOA-(CH;O1I), , complexes
excited in the 383 cm=? vibronic level of anthracene. The 1:1 complex decays with a shorter
lifetime (13 ns) than the bare molecule (19 ns) while the 1:2 complex decay is longer (28 ns).
These result may be explained by considering that for 1:1 complex IVR is incomplete and leads
to S, intramolecular modes which are located above and mixed with Tp. In the case of 1:2
complex, the excess energy is totally redistributed among the intermolecular and solvent modes
from which the ISC process is prohibited, This result may be taken as an example where two
molecules of solvent attached to the chromophore are sufficient to induce microscopic

vibrational relaxation.

COMPLEXES OF 1- CYANONAPIHTHALENE WITH POLAR SOLVENTS

1- cyanonaphthalene (1-CNNJ) provides an interesting example of a molecule with two
closely lying and strongly coupled S, (Ly) and S5 (Ly) singlet states whose spectroscopic
properties are influenced by a polar environment. In polar solvents the modification of

fluorescence spectra has been interpreted by the Ly-Ly, levels inversion induced by solute
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solvent relaxation. This effect has been related to the charge transfer character of the L state
which exhibits a larger stabilization energy in polar medial3),

Addition to jet cooled 1-CNN of acetonitrile and diethylether lcads to the apparition in
the fluorescence excitation spectrum of two strong bands in the region of 1-CNN Ly, origin.
One of this new feature is red shifted while the other is blue shifted with respect with the bare
molecule 0-0 transition, Both absorptions can be assigned to 1:1 complexes from the pressure
dependance of their relative intensity., The fluorescence decay times of the acetonitrile
complexes excited either at the red shifted (52ns) or the blue shifted (37ns) feature are both
longer than that arising from the bare molecule Q9 level (22 ns).

The dispersed emission spectra of these complexes are with minor differences very

similar to that of the free molecule when excited at origin,

The dispersed fluorescence from higher vibronic states are typical from vibrational
redistribution, The red shifted and blue shifted species have different spectra at lower excess
cnergy but they exhibit both components independently from the excited level at higher
encrgy. Similarly the fluorescence decays are distinct below the energy threshold but become
identical above the energy barrier. These results may be inlerpreted by the presence of two
different conformers in the ground state involving different orientation of the solute and
solvent molecules, Interconversion between the two forms take place in the excited states with
an enery threshold above 450 em™2, These observations may be related to specific local
interacions at different sites of the l-cyanonaphthalene chromophore which modifies the
mixing of the Ly and Ly excited stales.
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JET SPECTROSCOPY AND EXCITED STATE DYNAMICS OF FREE RADICALS
Kinichi Obi
Department of Chemistry, Tokyo Institute of Technology,
Ohokayama, Meguroku, Tokyo 152 (Japan)

The spectroscopy and excited slate dynamics of ree radicals are
studied in Lthe supersonic free jel.  Parenl molecules are phololyzed Lo
senerate cold radicals just aftor an orifice.  Spocial radicals studied are
benzyl and p-substituted benzyls, and silylene radicals. Laser induced
fluorescence speelra and [Juorescence lifetimes are measurcd.  Rotational

analyses are carried oul using high resolulion LIF excilation spectra.

I. Benayl radicals
Benzyl and Its p-lluoro, p-chloro, p-cyano and p-melhyl derivalives

are produced from their chlorides. The vibronic bands are assigned [rom
the LIF excitation and dispersed spectra,

p-Pluorgbenzyls Fig. la shows LIF excitation spectrum of p-Tluoro~
benzyl. The longest wavelength band at 464,602 nin was assigned Lo 000
from Lhe dispersed speclrum excited al Lhis band, which showed lony pro-
gressions of the symmelric ring breathing mode v 1 that is, lon and
Guollon. They are Lypical
progressions appearing in a)
the dispersed spectra
excited al the 000 band ol
monosubstituted benzences.

The LIF excitotion

o,
speclrum of p-fluorobenayl 1.60 l.‘.'io 440 430
is very similar in vibronic Wavelength ( nm )
structure up Lo about 1000 03
em™! from the 000 band to b)
that of p-fluorotoluenc 3
(Fig., b} measured in Lhe ,
ch” excepl for the shift 9! 606 13 1(2)
0

of spectral region from uv “b 50 \1/50‘11 60! 14180(‘7 “70(‘)

1 {1 200 1 1

to vigible. The assignment

of Lthe vibronic bands is,
Fig. 1.
and (b) p-Tluorotoluene.

therefore, straightlliorward.

IL is noleworthy that Lhe

Excitation spectra of (a) p-Huorobensyl
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000 band has strong Inlensily which shows sharp conlrast with the weak

intensity of the OOO band of benzy!l ftself due Lo the accidental forbidden

Dy=Ny Lransition.

I'he similarity of the band struclures suggests Lhat the

change in a substituent group of benzene ring from Cllg to Clly exerts litle

influence on frequencies of ring vibralions, though the clectronic energy is

considerably changed.

However, Lthe vibronic structure above 1000 em”

from 000 Is more complicated than Lhal of p-lluorotoluene and many bands

remain unassigned.

as a resull of the vibronic coupling belween l)l and 1)2.

The complicalion of the band structure is understood

p-Chlorohbenzyl

shaws similar Teature to p-fluorobenzyl; the vibronie structures of the LIF

excitalion specteum is similar Lo thal of MP! speclrum of p-chlorotoluene,

p=Mecthylbenzylk The LIF excitation spectruim of p-melhylbenzyl does

not show good agreement with Lhat of p-xylem:.?‘) The longest wavelength

band alL 468.381 nm was altributed to 000 becnuse its energy almost agreed

with that measured in low temperature matrix

3

and l'ihu.'” The dispersed

spectrum excited at the 0rl561 em™! band has common features wilth Lthat of

p-xylene oblained by Lhe
sz‘ln, and Gbll". These facls
indicate Lhat the 04351 em™! band is
000 of the Dy=hy Lransilion. ‘I'he
complicated structure of Lhe 0351
em™t band 18 understood as Lhe
vibrome coupling of the zero
vihrational level of Dy with the 9b

The very complicaled
1

level of by.
band group around 04700 cn™' was
interpreted by the vibronie coupling
among? Lhe “;t'vtll):' level and I)I,v|=l
and v|:£=l levels [rom dispersed
spectrit and vibreational enerpies,
Benzyl: The {41 excitation
spoctrum of benzyl is compared with
Lbal of Loluene measured in the jul,r’)
as shown in Mg, 2. These speclra
docs nol show aprecement with cach
other, indieatingg vibrome coupling

between I)I and I)? sumilar o p-

.
000 excitalion in the ,n',‘!): progressions of l”,

128
l (a)
87
' "iJ" 109
' 878 g7
0 ’Jl “ 617 4oy LJ 1290
e 1 sl i
/.'_'50 H40 430

Wavelength { nm))

g (b)
6by "
Gay| 12§ 180}
] L “ !I |
Pipre 2. Excitalion speclra of (1)

benzy! and (b)) toluene.
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methylbenayl. The longest wavelength
band al 454.545 nwm was assipgned as 000
from the dispersed spectrum.  Vand Lype
wag delermined from rotationally resolved
high resolution LI excitalion spectra.
I'ig. 3 shows an example of high
resolulion spectrum for the 000 band.
The band type of this band was

determined as b-type. This indlcales ¥ {) il
thal the lowest electronically cxcited 21976 21975 21974

. -1
state is 131\2. It Is though from Lhe Wavenumber ( em )

dispersed spectra that the 0+328 and Fig. 3. ligh resolulion excilalion

+387 em™! lovels have the 6b vibralional geptrum of the 000 band of benzyl.

characler and the 0+437 cm™! level has

the 6a character, ‘These

assignments are consistent with observed band Lypes; symmetric vibrational
band Galo is of b-type and bands having 6b vibrationul character are of a-
type. The weak intensity of the 000 band reflects the accidental lorbidden
character of Lhe D)-by transition of benszyl. The slrong intensily of the
6n10 and Gblo bands is interpreted by the breakdown of the accldenlal

forbiddenness due Lo stale miking.

2. Silylene

Silly and 8iby were generaled by the Arl laser photolysis of
phenylsilane and phynylsilane~a~dy, respeclively. LIF excitation and
dispersed speetra were measured for the bending vibronic bands of Lhe
AlBl-xlAl transition. The rotational analysis was carried out from the high
resolution LIF excitalion spectra. The helerogencous predissocialion Lo
Si(3l’)+ll2 Is proposed from Lhe anomalous rolational structure in the
excilation spectra; the rolational lines of the r(l) sub~branch terminaling on
the Kn'=0 rolational level have slronger intensily Lhan Lhose of Lthe r(0)
sub-branch terminaling on Ku’=l. though the latler is expected to be
stronger due Lo the low Lemperalure Bollzmann distribution in the jel. The
Lime~resolved excitalion speelra shown in Fig, 4 demonstrate shorter lifelime
of K,'=i rovibronic levels in the A‘lll sltate, The helerogencous
predissociation is interproted wilth the second order perturbalion; Allll-(u-
Ly pe Coriolis)—»x‘Al—(spin—orbit)»usul-—-»Si(:’I')HIZ. it is experimentally
demonstraled that Lhere is a polential barrier al the dissocialion path of

FELE0 NS NP P R
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the botlom ol Lhe A‘lll stale.

P
The onset of the sccond ! 1“)

a)
predissociation channel Lo foo(])

siIpyHit, al the (0,7,0)
2 Rp(0)

vibronic level of Sillpa!ny is
manifested as sharp decrease WWA }
W’\A‘m\,
LS T T T

in the observed f{luorescence

T 1

lifetime. The clectronic

Lransition moment of the Allll-

Xll\l transition is estimated o b)
be |ngl 2:0.2602n02 from Lhe

Einstein equation for

spontancous cmission using

measured ltuorescence lifetimes A A A A

for single rovibronic levels ! ) f ! v 1
. $ ;: ovibronic levels 578 580 502
with Kn =0 and calculated Wavelength / nm

franck~Condon factors,
Fig. 4. Time-resolved excilation spectra of

Silt,. (a) 0-50 ns and (b) 50-100 ns

(1) K. Okuyama, N. Mikami, and M. Ito, J. Phys. Chem., 83, 5647 (1985)

(2) T. Ebata, Y. Suzuki, N. Mikami, T. Miyashi, and M. Ito, Clhiem. Phys. Lell,,
110, 597 (1984)

(1) 1. Hiralsuka, ‘T, Okumura, 1. Tanaka, and Y. Tanlzaki, J. Phys. Chem., 84,
285 (1986)

{4) W.P. Cofino, J.W. Hofstaat, G.Ph. Hoornweg, C. Gooijer, C. MacLean, and
N.i1. Velthorl, Chem. Phys. Letl., 98, 242 (1983)

(5) J.B. liopkins, D.E. Powers, and R.E. Smalley, J. Phys. Chem., 73, 683
(1980)
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ELECTRONIC EXCITATION AND DISSOCIATION OF MATRIX ISOLATED

MOLECULES RESULTING FROM ACCUMULATION OF VIBRATIONAL ENERGY

Henri DUBOST
Laboratoire de Photophysique Moléculaire CNRS*
Batiment 213 - Université de Paris-Sud, 91405 - ORSAY CEDEX

Certaines espéces diatomiques telles que CO, NO, 0, dispersdes en
matrice cryogénique ont une durée de vie vibrationnelle trés longue. Elles
possédent 1'étonnante propriété d'accumuler, lorsqu'on les excite vibra-
tionnellement & 1'aide d'un laser infrarouge, un grand nombre de quantas
dans un petit nombre de sites favorables. Les molécules fortement excitées
vibrationnellement peuvent alors échanger en une seule étape un nombre de
quantas suffisant (6-10) pour atteindre un état électronique excité., Au
cours d'un tel processus, plusieurs dizaines de quantas de faible énergie
(~ 0,2 eV) donnent naissance & une excitation électronique d'énergie
beaucoup plus grande (7 & 8 eV). Cette conversion d’énergie vibrationnelle
en énergie électronique résulte en une luminescence UY-visible ou conduit 4
la dissociation moléculaire,

Diatomic molecules such as CO, NO, 0, dispersed in low temperature
matrices have a very long vibrational lifetime. When they are vibrationally
excited by an IR laser, they amazingly tend to accumulate a large number of
quanta in a small number of favourable sites. Strongly vibrationally excited
molecules can then exchange a bunch of vibrational quanta (6-10) in a single
step and thus reach an excited electronic state. The vibrational energy
corresponding to several tens of small] quanta (~ 0.2 eV) is converted into a
much more energetic electronic excitation (6-8 eV) which results either in
electronic luminescence or in molecular dissociation. ’

* taboratoire sssocié A 'Université de Poris-Sud
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Vibrational relaxation of diatomic molecutes such as CO, NO, CN, N,, 0,
dispersed in low temperature rare gas crystals is extremely slow. In these
systems the rate of spatial transfer of vibrational excitation induced by
long range forces exceeds the rate of loss due to radiative or radiationless
relaxation by orders of magnitude. In particular the non resonant exchange
of vibrational energy among a collection of molecules excited into the v = 1
level produces molecules in the v = 2 level according to

ABgite 1(v=1) + ABgjte 2(v=1) = ABgite 1(v=0) + ABgjte 2(v=2) + aEanh

This reaction describes the fusion of two v = 1 excitations intoa v = 2 one,
a process which is quite analogous to triplet-triplet annihilation in
organic crystals (1) or to up conversion among rare earth ions in crystals
(2). The energy mismatch aEapp = hvyg - hu,, should be made up by the thermal
bath, i.e. the lattice phonons. In the same way Lhe repetitive fusion of
vibrational excitations, described by the general reaction

RBgite 1(v) + ABgite 2(Vv') = ABgite 1(v-1) + ABgjte 2(v'+l) + aEyy:

8 b

[}
1)
1
\
LY
1

NNt

R

(=]

Accumtation of vibrational quonta in motrix isolated molecules
o) the v = 1 excitations ore resonantly exchanged from gite to site until they get tropped ot 8 favoursble
site. Nowever the maber of hb 4., quanta which con be stocked is Limited due to the incrense in AC.
b) the nccunulation of vibrational energy cancontinue owing to the exchnn;e of one ar two quanta ""v*v“x

L]
omong locatized high-v cacitations ot o lorge distonce from ench other (~ 100 A),
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and illustrated in fig,. 1, results in accumulation of energy into the upper
vibrational levels. Several tens of quanta can be stacked on a single
molecule. Such a strong excitatfon corresponding to several eV of
vibrational energy has been observed in matrix isolated CO and NO {3).

Vibrational energy may also be converted into electronic excitation.
When the vibrational excitation exceeds that of the first electronic excited
states, internal conversion or intersystem crossing may bring the molecule
from high vibrational levels of the ground electronic state to nearly
resonant vibronic levels, The efficiency of this process 5 strongly
dependent upon the magnitude of the Franck Condon factors associated with
the intramolecular radiationless process. In molecules such as CO or NO such
a process does not occur. However there is an other mecanism leading to
electronic excitation. For high v levels, the transition dipole moment
associated with vibrational overtone transition involving a large change in
the vibrational quantum number, i.e. av = 6 to 10, takes an appreciable.
value. This is due to the intrinsic anharmonicity of the intramolecular
potential and also to the perturbation by the solid environnement. Though
multipolar interactions are not strong enough to allow multiquantum V-V
exchange with a large av, in return they give rise to intermolecular V-E
transfer processes described by :

ABsite 1(v) + ABgite 2(v") ~ ABgite 1(v-n) + ABgite 2(v’) + oF

and illustrated in fig. 2. Here AB* denotes an electronically excited
molecule. In Lhis case the weakness of the overtone transition in the donor
is compensated by the strength of the electronic transition in the acceptor.
The excitation of a bound state gives rise to electronic luminescence. In the
most spectacular case the up -conversion process transforms the IR photons
(x» = 6u4) used for vibrational excitation into UV Tight (A = 250 nm). The
excited state may also be either repulsive or predissociated. The accu-
mulation of vibrational quanta can then lead to the dissociation of the
acceptor molecules provided the excess energy with respect to the gas phase
dissociation limit is large enough to overcome the potential barrier
resulting from the solid envirornement,

T sl e,
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Hyp(R)

SITE 1

Fliqure 2
Electronic excitatfon resulting from the transfer of s bunch of vibrational quonta between molecules
which are both strongly vibretionatly excited. This process resulting from dipole-dipole interaction
involves an high overtone vibrational transitfon in the donor at site 1 and a vibronic transition fn the

acceptor at site 2.

These processes will be discussed on the basis of selected experimental
observations on CO, NO and 0, molecules.
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Vibronically Induced Chemistry of Collisional Pairs in a Cryogenic Matrix
Heinz Frei
Chemical Biodynamics Division, Lawrence Berkeley Laboratory, University of California,
Berkeley, CA 94720

An inert solid matrix is a natural environment to conduct controtled bimolecular
photochemistry by exciting reactants to low energy surfaces, Reactant nearest neighbors encloscd
in a matrix cage are held in contact indefinitely, hence absorption of a photon occurs while the
partners arc in a state of collision. This is crucial if product specificity is a main objective since
irradiation during a collision is an ideal way to initiate chemistry of molecules that are excited to
levels below the dissociation threshold (which requires that the excitation is sustained up to the
moment of collision). Photochemistry induced by accessing pathways that lie below reactant
dissociation limits favors product control because it ensures that no free atoms are generated that
may lead 1o non-selective attack on substrate molecules.

We will discuss examples of controlled oxygen, halogen, and methylene group transfer
reactions induced by selective vibronic excitation of reactant collisional pairs in rare gas matrices.
Preparation of sustained collisional pairs in a rare gas solid at cryogenic temperature is a convenient
approach to explore vibronically induced bimolecular chemistry in detail. Reaction paths can be
mapped by trapping transients and determining their structure by FT-infrared spectroscopy.
Continuousty tunable CW dye lasers can be employed to monitor the photolysis photon energy
dependence of reaction quantum efficiencies and thereby leam about the dynamics of the reaction.

Single photon excitation of NOz-alkene pairs at wavelengths as long as 600 nm results in O
atom transfer to the CC double bond I-3, Photons of this energy excite NO; to vibronic levels 25
keal mol-1 below its 398 nm dissociation threshold. High product specificity is manifested by
formation of epoxides as sole final oxidation products with high stereochemical integrity (e.g. cis-
2-butene ~» cis-cpoxide, trans-2-butene ~ trans-epoxide). Photooxidation of olefins with
terminal C=C bonds (isobutylene, i:lhylcnc) give aldehyde as well. Red light induced O atom
transfer to allcne results in exclusive central atom attack (allene oxide, cyclopropanone), while
ketencs arc the only oxidation products of alkynes 4. Product specificity is lost when tuning the
photolysis photon energy above the NOz - O(3P) + NO dissociation threshold.

In each reaction an internediate was trapped concurrently with the final oxidation product,
namely an alkyl nitrite radical in the cise of olefins and allene, and an iminoxy radical upon O atom
transfer to CC triple bonds. D isotope cffects on branchings between trapped intermediate and
final oxidation product revealed that the two species share a common transient precursor,
Stercochemical correlation between alky! nitrite radical and epoxide, and especially the fact that O
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atom transfer to CC double and triple bonds gives different types of trapped radicals indicates that
these we transient oxirane biradicals (in the case of alkencs) or ketocarbene biradicals (in the case
of alkynes) that are chemically trapped by NO cage coproduct. Hence the primary reaction step of
vibronically excited NOj is large amplitude O atom transfer to the multiple bond to produce a
transient biradical . Competition between intramolecular stabilization of the the biradical and
combination with NO dictates the branching between final oxidation product and trapped radical,
For example, in the casc of cthylenc + NO2 the observed threshold 2 O atom transfer of 574 nm
indicates that Cl 12-C112-(') is produced dircctly in the !D(06) ground electronic state according to

compiarison with literature ab initio results. Competition between combination with NO and

o)
\,
+NO Chi"CHy + NO
hv |,
CHamCHy NOp —— |CH=CHp-0 (EC)
Us) 20
CHy-C{, + NO
(A)
CHo-CHo-ONO
2-CHa ha 4
EOQ <03 167
A

1,2-H shift (ring closure) must be very fast (psec) as the reaction is completely stercospecific in
the casc of cis and trans-CHD=CIID + NO; (no stercochemical scrambling by rotation about the
biradical CC bond).

Since the transient oxirane biradical is trapped by NO in its nascent form (including
confonmation), determination of the structure of the trapped alkyl! nitrite radical by vibrational
analysis allowed us to elucidate for the first time detailed regio- and stereochemical paths of alkenc
oxidations. For example, we have trapped two diastereomeric cyclohexyl nitrite radicals upon
photooxidation of cyclohexene (a chair form with an axial, and one with equatorial C-O group),
indicating that reaction proceeds along both diastercomeric paths (arrows), feading to a specific
cyclohexene oxirane biradical stercoisomer in each case. This result cannot be inferred from the

+ NO
hv

4_\__"_‘0 ¥ NOy ——- L\A%
f 600 nm
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clen™ !
2 3 )
// ,,—N—C’L'-'f-g(f-’—' Ca'le structure of the cyclohexene oxide
] s . .
[/~ +wno product. Iminoxy radical formed
20000 C:J‘Mun j . .
* ;7 ? upon O atom transfer to dimethyl
o0 Chypl=C-Ciyy o i
|3a"um7 acetylenc indicates that the reaction
Al o) R
10000 N ach proceeds through the singlet A'(0,2)
CNIC-B-CN/] ketocarbene biradical state (Figure).
};/ Branching between ketene and
W toghe)
0 oy iminoxy radical is dictated by the
c=0(Ty) .
ChyCec-Chy ONO chy comnetition between Wolff
rearrangement of Ci l;ﬁC(=O)Cl I3
~10000 and combination with NO. Usirg
this method of chemical trapping of
transient ketocarbene we have been
~20000 § G c;\'é.c,o(so) able to uncover the regiochemical path
c -
im0 of methylacetylene oxidation, Only

iminoxy radical with an aldehydic C=0 group is obscrved, which implies that O atom transfer
occurs exclusively 1o the terminal carbon leading to the most stuble CI3-C-C(=0)-11 biradical,
"This selectivity with respect to the reaction path is again not apparent from the structure

+NO

hv
CH3~ CEC-H + N02 —— 0
15nm | CHy-E~C-H

V2N

CHyE—E—H CS?=C=O +NO
of the final oxidation product, H
Loss of product specificity upon exciiation of NOj at photon energies above the 398 nm
dissociation threshold to O(3P) + NO was indicated by the appearance of additional reaction
products, ¢.g. 2-cyclohicxen-1-ol and cyclohexanone in the case of cyclohexene + NO2, ketene in
the case of the ethylene + NO3 reaction, Some products (cyclohexenol and ketene) were shown to
emerge from the dissociation - addition path (dissociation of NO3 to O(3P) followed by thennal
addition of O to alkene), Nevertheless, product growth kinctics shows that there remains
substantial propensity for alkene-NO; collisional pairs 1o react along the large amplitude O atom
transfer path even upon excitation above the NOy dissociition limit. This observation is closely
related to recent reports on photochemical reaction of weak complexes in cryogenic nwatrices and in

LAG

.
a3




molecular beams that demonstrate coupling inito large amplitude atom transfer coordinates in cases
of favorable precursor geometrics (Soep 3, Wittig 6, Pimentel 7),

Interestingly, thermal reaction of unsaturated hydrocarbons in gas phase or solution leads
to nitroatkyl radicals, i.e, to C-N bonds formation rather than O atom transfer. This diffcrence
between matrix and fluid phase atkene + NO2 chemistry is surprising in view of the fact that NO2
cxcited by low energy visible photons has predominantly the character of a highly vibrationally
excited, clectronic ground state species, hence would be expected to have chemistry similar to that
of thermally excited NO2(2Ay). It indicates preferred access of the vibronically excited collisional
pair to a large amplitude O atom transfer coordinate while ignoring a lower barrier translational (in
the solid: van der Waals) coordinate that would lead to C-N bond formation through NO3 addition.

We have cxpanded our work on vibronically induced O atom transfer reactions to Cll
group transfer rcactions, For example, excitation of Cllp=C=0-1,3-butadiene pairs at 400 nm (10
keal mol! below the CHa(3B4) + CO dissociation barrier) led to methylene group transfer to yicld
vinylcyclopropane + CO.

Conrrolicd chemistry of collisional pairs in a matrix is not limited to large amplitude atom or
group transfer reactions. Other examples are cycloaddition reactions of metastable electronically
excited molecules like singtet SOB and singlet 0,9, and reaction from non-predissociative levels of
charge transfer states, ¢.g. Oz + alkene 10,

(1) Nakata, M.; Frei, . J. Am. Chem. Soc. 1989, 111, 5240; J. Phys. Chem. 1989, 93, 7670,
J. Chem.Soc. Jpn. 1989, 1412,

(2) Nakata, M,; Shibuya, K.; Frei, 11, J, Phys, Chem. 1990, 94, 8168.

(3) Fitzmaurice, D.J.; Frei, . J. Phys, Chem. 1991, 95, 2652.
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(5) Jouvet, C.; Boivineau, M.; Duval, M.C.; Soep, B. J, Phys. Chem. 1987, 91, 5416.

(6) Shin, S.K,; Chen, Y.; Nickolaisen, 8; Sharpe, S.W.; Beaudet, R.A.; Wittig, C. Adv.
Photochem., in press.

(7) Abrash, S.A,; Pimentel, G.C. J. Phys, Chem. 1989, 93, 5828.

(8) Salama, F.; Frei, H. J, Phys. Chemn. 1989, 93, 1285,

(9) Frei, 11.; Pimentel, G.C. In Chemistry and Physics of Matrix Isolated Species. Andrews, L.;
Moskovits, M, Eds; Elsevier: Amsterdam, 1989, 139,

(10) Hashimoto, S; Akimoto, 11. J, Phys, Chem. 1986, 90, 529,
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PHOTOTAUIOMERISM OF HETEROAROMATIC MOLLCULES WITIE INTLRNAL IIYDROGLN BONDS.
SINGLE AND DOUBLE PROTON TRANSFER IN ELECTRONICALLY LXCIILD STATES

Anna Grabowska
Institute of Physlcal Chemlstry, Pollsh Academy of Sclences, 44, Kasprzaka,
01-224 Warsaw, Poland.

Some helerovaromatic molecules possessing Internal hydrogen bonds undergo an
extremely fast process that may be followed on the levels of Lhree diffe-
rentl electronic stales: Sl' 'l‘1 and S_. This Is the prolon transfer ({(PT)

reaction.

A. SCHIFF BASES
BSP

0—H, VA
- %
7O

SN BSD .
Q4
D_—M'n " ‘v H—0
cf;u ; cfgu—T (:::>

B:Bipyridyl-diols.

MeBP(OH Me BP(OH
) (OH),  WeBP(OK)

Scheme 1. BSP: N,N-bis(sallcylidene)-p-phenylenediamine; SN: N-salicyllde-
ne-a-naphthylamine; BSD: bls-salicylldene-~1,5-dlaminonaphthalene; BP(OH)Z:
2,2'-(bipyridyl)-3,3' ~dlol; McBP(OH)z: 5- methyl-2,2'-(blpyridyl)-3,3'-di-~
ol; MeZBP(OH)Z: 5,5 -dimethyl-2,2'~(bipyridyl)~3,3'~-dlol.
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Two familles of molecules will 1llustrate some problems connected with pho-
totautomerization in S1 state. These are Schiff bases and bipyridyl-dlols
shown in Scheme 1. The cholce of compounds is not fortultlous: thus SN s
*une half" of BSD molecule, and MeBP(OH)Zrepresents a possibly delicate
perturbation of the symmetry of the BP(OH)2 structure. The typical spectral
symptom of fast reactlon occuring In excited state is shown in Flg.1 on the
example of two structurally related Schiff bases: absorption and strongly
Stokes shifted fluorescence spectra are here the manifestation of the PT
reaction in S1 state. Two groups of molecules, A and B, although sharing
the common feature - phototautomerism - are very different: molecules B are
firmly kept plcnar by two strong internal hydrogen bonds, while structures
A contain freely rotating groups, shown by arrows in Scheme 1. Molecules B
reveal a strong phototautomeric fluorescence {typical o ® 0.3 at room
temp.), and even lasing abilitles(l). In contrast, structures A are mostly
controlled by the radiationless transitions (nF % 10-3 - 10~4). For both
groups of molecules the phototautomeric fluorescence ls red shifted by

10000 cm-1 and no normal emisslion is chserved.

I{_,T
ce
-
.

100}

V /103 ecm-t

i A I VR Ao A A

0 A,
14 19 24 29 34 39

Fig.1 Room temp. absorption and lluorescence spectra of two Schiff bases;

solvent: bulyronitrile
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The main questlon to be discussed i{s as follows: the driving force for PT
reaction created in excited state may be used by a molecule Jusl as shown
in Scheme 2 on the cxample of BP(OM)Z: would a molecule undergo the single

Scheme 2,

PT (SPT), forming a true keto-group, or would it preserve the symmetry un-
dergoing the double PT (DPT), but adopting the structure represented in
Scheme 2 by a doubly zwitterlonlc species? As a method of distinguishing
between a monoketo (MK) and a diketo (DK) phototautomers, the dipole moment
determination of excited molecule was 4pplled, compared with the results
of calculations. Calculations were performed with molecular mechanlics me-
thod (ground state of BSP) and INDO/S method., For .experimental determina-
tion of the excited state dipole moments, a solvatochromic method was ap-
plied. However, no shift, elther of absorption or of fluorescence bands,
was detected in all studled molecules. The expected zero orlsmall dipole
moments of fluorescent specles were verified for molecules B by the ele-
ctrooptical I1EOEM method(Z). All dJdata are collected in Table 1. It s
easlly secn that the direct determination of the dlpolé moment of the flu-
orescent specles nicely confirms the DPT mechanism in excited bipyridyl-
diols, The values pu*=0 and 0,46 D for the exclted symmetric parent molecule
(BP(OH)Z) and Its monomethylated derivative leave no doubt that monoketo-
tautomers are not responsible for fluorescence emission. Their dipole mome-
nts were predicted to exceed 4 D. This is one of very few well documented
examples of intramolecular double PT in exclted state. In contrast, for
molecules A a dipole moment determination of the exclted tautomer is not a
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good way of decoding the reaction mechanlism.

Even the symmetric (G3P) molecule has a quite large dipole moment,
calculated with allowance of the free rotation around the single bond, and
nicely reproduced by experimental determination in the G state. Moreover,
the differences between mono- and dlketotautomers are predicted to be
rather small, So, for molecules A a comparison of symmetric structures with

|Table 1. Calculated and experimental values of dlpole moments ol the
molecules studied in the ground (G) and fluorescent (F) states; DE, MK and
DK stand for a dienol, monoketo~ and diketotautomer, resp.

molecule el. state tautomer dipole moment {D)
calc. exp.
BSP G DE 3.0 2.8%0.5
G MK 4.7 -
F DE S.1 -
F MK 7.3 -
F DK 6.2 -
BP(OII)2 . G DE 0.01 -
F MK 4.3 -
F DK 0.02 0.0%0.2
MeBP(O“)Z G DE 0.45 0.54%0.01
F MK 4,90 -
F DK 0.41 0.4610.03

model compounds will be discussed, as an alternative method of studyling the
PT reactlion in excited state.
The singlet vs triplet state reactivity of proton transferring molecules B

will also be discussed.

(1) J.Sepiol, H.Bulska, A.Grabowska, Chem.Phys.lLett., 140(1987)607
(2) W.Baumann, II.Bishof, J.Molec.Structure, 84(1982)181; ibid., 129(1985)125
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of the common works; to Prof. Y.Maruyama and Dr T.Inabe (Okazakl) for kind
gift of the samples of Schiff bases,
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FROM POLYENALS 1O RETINAL:
AN ELECTRON-SPIN-ECHO STUDY OF THEIR TRICLET STATE.

£, J.J. Croeneny and M. Ros

Center for the study of excited states of molecules
Huygens Laboratory, University of Lefden, P.0 Box 9504, 2300 RA Leiden,
The Netherlands

Electron-spin-echo spectrescopy is found to be a powerful tool in the
study of the electronic structure of the noun-radiative, short-lived,
lowest triplet state of polyenals. This state is of an® character, We will
focus on all-trans-retinal and relate the zero-fiald splittings, relative
populating rates and decay rates of the spln sublevels for this molecule
to the corresponding data for model compounds.

Molecules whose chromophore is based on a linear conjugated carbon
chain continue to attract attention of spectroscopists because of their
role in many photouchemical and photobfological processes. In order to gain
insight into photoisomerization, energy transfer and plotoprotection in
biological systems and phococonductivity in conjugated polymers, one
should have a detailed knowledge of the change in the electronic structure
of such molecules upon excitation. We have studied all-trans polyenals,
molecules that consist of a chain of alternately single and double carbon-
carbon bonds ending In an aldehyde group. From its composition one would
Jjudge this chromophore to be a relatively simple one but {ts
characterization still presents a challenge to spectroscoplsts. This is
particularly true for the triplet state, as its non-radiative character
hampers the use of optical techniques.

It will be shown that a time-resolved electron-paramagnetic-resonance
(EPR) study of the short-lived lowest ctriplet state Tg of all-trans
polyenals is feasible by the use of electron-spin-echo (ESE) spectroscopy
in combination with pulsed laser excitation. We report results for all-
trans-retinal and the model compounds all-trans-2,4,6,8,10-
dodecapentaenal (DP), all-trans-2,4,6,8- decatetraenal (DT), and thefr
methylsubstituted analogues MDP and MDT (£ig. 1). We include not only DP
and MDP but also DT and MDT because steric hindrance between the
substituted cyclohexene ring and the polyenal chain may well lead to a
non-planar skewed Cg-Cy conformation of retinal in the triplet state.

The polyenals were dissolved in polyethylene Eilms that were
strelched by approximately 500%. All compounds were optically exclited at
355 om by cthe third barmonic of a Nd:YAG laser (5mJ/pulse). The ESE

Rk ENPEN
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experinents were performed at 1,2 K by applylng a two-pulse echo sequence
after the laser flash. For the experiments in a magnetic field microwaves
of a fixed frequency of 9.35 Gz were used, for those in zero-field the

microwave frequency could be varied between 1 and 4 GHz.

LIS SLALANY BLRLALEAN SARLILIN 08 SLAM 0018 8 GLIA AL MR 4

Retinal

retinal

echo intensity (orb. units)

| PN P PO I | IS

il i 1
020 0.25 0.30 0.35 0.40 0.45
magnetic field (T)

Fig 1. Molecular structures of the polyenals.
Flg 2 ESE-detected EPR spectra of three polyenals In stretched
polyethylene films for Bpg L s.

Upon excitation into the singlet mwanifold ESE signals have been
observed for all polyenals listed in fig. 1 and triplet EPR spectra have
been detected by monitoring the echo luntensity at a fixed time after the
laser flash while sweeping cthe magnetic Eield By. The spectra only depend
on the ovientation of By with respect to the stretch direction 5 of the
Eilim; the samples have cyliidrical symmecry. In fig. 2 some ESE-detected
EPR spectra are displayed as observed for £(Bp, 5) = 909. The spectra show
emission and absorption of microwaves over a wide range of magnetic-field
strengths and consist of sharp features and broad shoulders. For this
orientation of By with respect to 5, the magnetic field is parallel to one
of the principal axes of che fine-scructure tensor of Tg (the one
tndicated by x In fig. 3) for a perfectly aligned molecule. Two wmore of

such canonical orientations of ﬁo have been found for cach polyenal and
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for all spectra the signals at low field are in emission while the signals
at high field are in absorption. Qualitative considerations and numerical
simulations based on a Gaussian oriencation distribution of the molecules
in the film around s prove that the ESE-detected EPR spectra indeed

derive from the triplet state of the polyenals.

Table 1 Frequencies of the observed zero-field transitions, the rclative populating rates
of the T, sublevel and the decay rates of all three sublevels of Ty,

(Z=X)/h | (2-Y)/h P ke k ks
{MHz) (MHz) (ms™!) (ms=1) | (ms~!)
retinal || 2370 4 15| 1990 £ 40 [ 0.88 £ 0.04 | 14.0£2.5| 59412 85 4+4
MDP } 2360 £ 10 | 1995 3 10 { 0.85 £ 0.04 | 12.0 £ 1.5 | 83 £ 13| 95 %7
DP (12496 £3 [2125+3 | 091 £002{ 46£05] 25%4 73 £5
MDT [|2870£15)2460£ 10| 094 £ 002 6.5£15]| M £7 55 %2
DT 304144 |262043 [093£001]| 1.9£0.2 $+1 36 43

From such experiments in a magnecic fleld estimates of the zero-field
splittings have been obtained. Subsequently we have observed the T,-Ty and
T-Ty (cf. f£ig. 3) cransitions in zero-field. The corresponding
frequencies are summarized in table I. The sublevel ordering, givan in
fig. 3, is found to be the same for all polyenals. The triplet state is a
3ax* scate, Previously we concluded cthat the zero-field splitting of
unsubstituted polyenals, including DP and DT, is determined by the length
of the conjugated chain {1}, The zero-field parameter X turned out to be
inversely proportional to (n+l), n being the number of carbon-carbon
double bonds. As table I shows, substitution only slightly changes the
frequencies of the zero-field transitlons, The values for retinal and MDP
are even nearly identical, The double bond of retinal that is part of the
cyclohexene ring apparently fully participates in the triplet excitation
which suggests that the chromophoric part of retinal is more or less
planar in the triplet state. If retinal in polyethylene has a skewed 6-s-
cis conformation with a dihedral angle of 50° or 60° in the ground state,
this would mean that the molecule undergoes a profound structural change
upon triplet excltation,

The dynamics of Tg has been investigated both in a magnetic field and
in zero field by monfitoring the echo intensity as a function of ty, the

time between the laser flash and the first microwave pulse. A cypical
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example of a decay curve for rstinal &s reproduced in fig., 4. From such
experimencs we have obtained the relative populating rates and the decay
rates of the {ndividual spin sublavels. Data for che various polyenals,
summarized in table 1, reveal that upon optical excitation into the
singlet manifold {nvariably about 90% of the molecules end up in the T,
spin sublavel. This large salectivicy of the populating process arises
from the spin-orblt coupling between the lowest Jex® and the Lne* state

that is governed by a dominant local contributioh on the oxygen atom.
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Fig 3. Sublevel ordering of the 3xx® scace; poslcion of che principal axes
of the flne-structure tensor with respect to the polyenal chaln.
Fig 4. Echo incenslity for retinal as a function of the delay time tg for

the high-field translicion with Bgp 1 5.

Unlike for the zero-fleld parameters and the relative populacing
caces, addition of substituents on the polyenal chaln significantly
{nfluences the radiationless decay of Tg (table 1). The lifetimes of all
spin states become shorter and the sublevel selectivity decreases. The
change already occurs upon methyl substictutfion, while the presence of the
cyclohexene ring does not noticeably affect the decay anymore. The average
of the decay rates corresponds to a lifetime r-kav‘l varying Erom 63 ps

(DT) co 19 ps (MDP and retinal).

{1] M. Ros and E.J.J. Groenen, J.Chem.Phys., in press.
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FEMTOSECOND SPLCIROSCOPrY OF SOLUTION FHIASE
ISOMERIZATION REACIHIONS
Robin M, Hochstusser, Roseanne 3. Scusion, Stephen ‘1. Repinec and Arpad Z, Szuka,

Depattment of Chemistiy, Univeisity of Peansylvania, Phildelphia, PA 19104,

Time-resolved spectroscopic studies of the phutoisomerizition of cia-stitbene have
yiclded o large amount of information on these simple reactions in solution{1=7) The
isomerization of clectionically excited cis-stilbene (cis.) occurs in 0.5 10 2 ps even in
relatively high friction solution-phase enviconments. 37} ‘Lhese results have been inter-
preted in terms of cither uncestricted motion on a barrierless potential surlace or motion
over a very small barrier ( 1.2 kcnl/molc).(s'(’) The initially crented cis’ population is
partitioned between two primary reaction pathways, one involving geometric rearrangement
Jewding 10 remns-stitbene production and the sccond involving clectronic seanangement

leading o dihydrophenanthicne (DEHP) production, ‘This is showa schematically in Fig, 1,

;‘,; .:3 Figure 1, A schematic diagram of the

H [H . . . .

§50 RICEN clectronic states surlaces responsidle for

¢ 40 10 8 . oo . .

L a0 30 & the photoisomerizition reactions of' ¢is-

> >

b4 78 7"83 stilbene,  Approximite guantum yields

uw W

G o§ / / o4 for the various reactions are indicated
r"’tfﬁs’\\\ /,m“’ on the figure.(8-11

.., Trls T . CHO
&“‘Q’ wdeo oz

‘The fast photoisomerization seactions ol cis-stilbene provide an excellent oppuitunity
1o perlorm detailed studies of the initially formed isomerization praducts.  in toom temper-
ature alkane solvents the photoisonierization products of cis-stilbene are produced within )
o 2 ps of eacilation. As this time scale is much Faster than rotational diltusion times in
these solvents (typically 10 to 100 ps for uuu.\-slilbcnc).“z) the intramolecutar rearrange-
ments will vecur winfe the molecule is essentinlly fixed in space. In this situation the

average relative alignments of the reactant and product molecules can be measured with

-
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polirized light pulses. 1n addition, the time seale for photoisomerization is comparable to or
faster than the time scales required for intramolecular vibrational redistribution and faster
than the ca 10 ’s of ps time scales required for the transfer of internal vibrational energy
from aromatic molecules to the surrounding solvent.(13-15) As q result it is compelling to
assume that the product molecules are formed vibrationally hot and very likely possess a
non-Boltzmann distribution of excess vibrational energy at carly times. Thus, it is possible
in this system to begin to pose and answer several questions which have not been addres-
sable in previous studies of solution-phase photochemical reactions,

One of the more interesting questions is that of energy disposal during a photochemical
reaction. The photoisomerization of cis-stilbene following excitation by a 312 nm pulse
results in the formation of trans-stilbene and DI with excess encrgics of 33650 em~ ! and
20000 cm™! respectively, The excess energy available in these reactions will initially be
partitioned between internal and external degrees of freedom. Some of the encrgy will be
dumpe | directly into the solvent during the photoisomerization process as a result of the
solvent rearrangements necessary lo accommodate the change in the size and shape of the
photoproduct. This represents the external friction on the reaction coordinate. The re-
mainder of the energy is retained as vibrational excitation of the resulting product mole-
cules. In a polyatomic molecule having a sufficiently large number of modes, the internal
excitation resulting Urom relaxation might be expected to generate it distribution of vibra-
tionally excited product molecules characterized by a single temperature. In this limit the
cnergy dissipation to internal modes may be referred to as the internal friction on the reac-
tion coordinate. ‘The encrpy retained as vibiational excitation of the product molecule will
be transferred to the surrounding solvent and thus dissipated on a time scale of 10 of s,

Four types of experiments have been performed o investigate the initially formed
isomerization products of cnv-stilbeae: (1) Pump/probe measurements in the regions of the
DHP and trans product absorptions have been performed to accurately deteemine the aates ol

appearance and caoling of the isomerization products, {2) Anisotiopy measurements in the

0.042 0.23
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} anisotropy obtrined using a 330 am
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regions of the product absorptions have Leen perlonmed to determine the relative alignments
ol the pumped (reactant) and probed (product) transition dipoles, Typical kinetics and
anisotropy measurements are shown in Fig. 2. (3) Fluorescence-detected measurcments of
the appearance of the trans product have been performed to study the trans product
indepeadently of the presence of DHP, Typical results are shown in I°ig. 3. In these
experiments the initial (pump) pulse produccd cis’ which isomerized to form trans. The
probe pulse excited the trans product molecules and the resulting lmns‘ fluorescence was
detected, As ncither DIP or cis [luoresce near 350 nm the signals obtained arc duc entirely

to trans product molecules. (4) The UY transient absorption spectea at 6 ps, 15 ps and 50

Delsy Time (ps) Figure 3. ‘T'rans lluorescence rise curves

“ti0 33 [ ] (1] 10
e obtained from a sample of crs-stilbene
§ 20 pumped at 12 nm and nrobed at 312 am,
K e g
o I'he fluorcscence was detecled by a photo-
{ o0 - , .
H] multiplier tube through a 12 nm interference
*
g filier centered at 350 nm near the peak of
Y

-10 the trans fluorescence, The designations
-14,0 0.8 L] (X ] 1.8

ZZ, ZX and XZ indicate the relative
Dolay Timo (ps) .
polarizations of the pump and probe beaws,

ps have been obtained between 315 nm and 375 nm on the red cdge of the trans absorption
band using multichannel detection, The 50 ps spectium is identical 10 the pure trins
spectrum indicating that tans-stilbene is indeed responsible For most of the product
absorption observed in this region of the spectrum, ‘Fhe spectrum obtained at 6 ps indicales
a great deal of vibrational excitation in the Franck-Condon active mocdes,

‘These ultrafust studies ol the pathways of isomerization begin to expose the chemical
dynamics of such processes. The solvent influences on motion confined 1o barrierless
poltentials and on nonadiabatic transitions become crucial intermediate steps in these
chemical transformations. ‘Thus an important part of understanding the primary process of
photochemical reactions of this sort is the quantum statistical mechanical description of the
solvent action and reaction to these intramolecular forees,
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0.04
Figure 4. The transient absorption

° spectrum obtained following the excita-
‘é tion of cis-stilbene at 312 am for delay
a timesof 6 £ 1 ps, 154 1 psand 50 ¢}
o
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SOMUE SOLVENT EFFECTS IN EXCIPLEXLES AND TICT MOLECULES

David Phillips.

Depantinent of Chemistry, Impeiial College, London SW7 2AZ, UK.

Conlormational changes within solute molecutes and diclectric relaxation of the solvent
both cffect the rate of clecuon transfer processes. As an example of the fotmer, the well-
known amolous charge-ttansfer fluorescence from dimethylinino benzonitiile DMABN oceurs
via a twisting of the amino moicty which facilitates intramolecular charge-uansfer, followed by
stabilization by polar solvents.lY The effects of conformational change and solvent relaxation
ate difficult to distinguish, but we present have thiee approaches which can provide evidence
concerning the relative importance of tnese two cifects

(i)  Studies of exciplexes in non-polr sotvents

(i) Time-resolved Raman spectroscopy on exciplex systems

(iii) Stedy of specifically solvated complexes in supersonic jet expansions
() Lxcipi i -pobs v

We have teported a study of viscosity and temperatute effects on the rate of back-clecuon
wansfer (BET) on an exciplex between 9,10 dicyanoanthracene and N N'-dimethylaniline,
which has suong charge-transfer chaacter, in six non-polar solvents.(2} Since viscosity clfeets
cannot in this case be attributed to diclectric relaxation, confonmational changes must be
involved. The extent of charge-tiansier was cstimated by solvatochvomic and thermochromic

shifts of the fluorescence. Data wete fitted to the simple scheme |
(A" D) -:s-*- (A Ry Ayp
e
where (A” DY) is the exciplex formed initially by forwad electron tansfer, and (A D) that
following conformational change.
This simple model 1casonably fits the results in the two exireme cases of koo >> Ky
when kope = kg typified by all results in hexane, and other solvents at high temperatures,

and koo << kypr when kg ™ keeo typificd by the mote viscous solvents decalin

butylbenzene at low temperatures, However, a better fit is obtained if the Marcus-1{ush
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model3), equation 2, is modified by inclusion of a time and solvent dependent electron

coupling constant V, whose vitlue varies as the conformation changes.
dry? .
BT h(4rioky )2
'3 [s"e ( (AGET+A°+vhv)’)]
-~ eXpl - S
p Athokg T

rel) v

~8
s (2)

With this modification, the seiniclassical equation of non-adiabatic ET can fit the observed data
independently of the solvent viscosity. Indeed, the BET is in all cases studied a non-adiabatic
process as its rate constant always depends on V2, but in viscous solvents the value of V at the
time of ET depends strongly cn viscosity. For this reason, we can speak of a transition from a
solvent-independent” to a "sc ivent-controlled” non-adiabatic 1egime as viscosity is increased.
These results show that conformational ‘changes within the solute molecules can lead to very
similar cffects to those of dielectric relaxation.
(i) Time-resolved Raman g zctroscopy on exciplex systems

Back electron transfer in the exciplex formed between anthraquinine AQ and TMB in

acetonitrile, tetrachloroethylene and carbon tetrachloride has been studied using nanosecond

time-resolved resonance Rarran spectroscopy!d), in the hope that observation of changes in -

vibrational frequences in transients might permit structures of intermediates to be assigned
tentatively,

Very preliminary results, typificd by Figure 1, show that in acetonitrile,there are three
prominent transient peaks a* 1519 cm!, 1607 ci”! and 1618 cm!; that at 1618 cm°!
disappears at a faster rate than the others. In carbon tetrachloride, a peak at 1592 em-! is the
only feature observed, while in tetrachlorocthane, at times less than 10ns, a peak at 1608 em’!
is observed, which decays to form a transient with signal at 1590 et a feature a1 1518 cn’!
remaining constant. At times onger than 50ns, the spectta in tetrachlorocthane are identical 10
those in carbon lclmchlnridc.‘

The results suggest that Q™ and TMB* produced upon excitation as shown in the
equation 3, undergo geminate 1.combination cither via the wriplet state or directly via the singlet
state of the ion pair. In carbe 1 tetrachloride, the initially produced triplet ion pair proceeds

exclusively to the singlet state; v acetoniuile the favoured pathway is in separation, followed

AP
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Figure 1 Timec-resolved Raman spectra of anthraquinine-tetrdmethylbenzene in acetronitrile.
Pump wavelength 351nm, probe 460nm. Dclays a, Ons, b 7.7ns, ¢ 35ns, d 100 ns. Spectra
not standardised.

by geminate recombination. In tetrachlorocthane, both pathways occur. These data will be

presented in fuller fonm.

™B - scparation
AQHIY mmm IAQ - 3AQ — (AQ .. TMB*) ————» AQ+TMB*

geminate ,"

back electicy \ _ rccomb'}uﬁlion

transfer HAQ + TMB™) Vd
(iii) Eluorescence from jet ccoled complexes

The solvent is known to play a very significant role in the stabilization of charge-transfer

state arising {from wtramolecular motion, giving so-called TICT (1wisted intramolecular charge-
fransfer) statcs, typificfi by dinethyl amino benzonitrile, DMADBN, which in polar solvents is
well-known o give rise to aramalous red-shifted fluorescence from the TICT state. Attempts
have been made to observe IICT emission from specifically solvated complexcs under

supersonic expansion conditiz s, and Figure 2 shows that red-shificd emission can indeed be
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seen.3) However, the dependence of the intensitics of the bands upon concentration of
DMABN, and the fact that non-polar solvents also give rise to red-shifted emission, shows
clearly that the ‘anomalous' emission in these cases is due to dimers and possibly higher
complexes of the DMABN. No emission uneqivocably assignable to TICT emission from
DMABN has been observed under jet conditions, and hence care is needed in the interpretation

of anomalous fluorescence from these molecules.
20000 ,

o 20°C
b 85%C

15000

10000

Intensity / orb. units

5000

0- $ 4 % —t
290 340 390 440 490
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Figure 2 Fluorescence spectra from DMABN/methanol mixtures excited in supersonic
expansion. Temperature refers to over temperature before expansion, thus higher temperatures
means higher concentration cf DMABN, Emission is due to solvated monomeric DMABN,
solvated dimers of DMABN. No evidence for TICT emission is seen.
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THIONES AS MODELS FOR STUDIES OF THE PHOTOCHEMISTRY AND
PHOTOPHYSICS OF POLYATOMIC MOLECULES IN SOLUTION
K.J. Falk, M. Ludwiczak, A. Maciejewskit, R,P, Stear,
S.E. Svelnson and M, Szymanskit
Department of Chemistry, University of Saskalchewan,
Saskatoon, Saskatchewan, Canada S7N OW0

1 A. Micklewicz Universily, Poznan, Poland

Molecules containing the thiocarbonyl group possess excited electronic states
which are substantially shifted to lower energies compared with their carbonyl
counterparts. Thus, even in relatively small, unconjugated thiones lransitions to the
Sy, 1(n,x*) states appear In the visible, those to Sp, 1(n,x*) states appear In the
near uv-blue, and the lowest Rydberg states are accessed in the quartz uliraviolet
(Figure 1). In addition, strong spin-orbil coupling in the S-containing spacles
enables the triplet states to acquire sufficient intensity to be readily observable by
standard absorption melhods. In weakly-inleracting media Ty is frequently of
3(n,n*) characler and lies only a few hundred cm*! below Sy, whereas To of
3(n,n*} character lias only slightly higher in energy. Ty and T2 may invert in
strongly-interacting solvents. This disposition of electronic energies in the thiones
permits highly seleclive, direct excitation to Ty, Sy, Sz and higher states not only in
the gas phase and in low temperalure matrices but also In fluid solutions at room
temporalure,

Equally Important to an examination of thelr photochemistry and
photophysics Is the observation that thiones exhibit readily measurable emission
from several stales. Inlense Sp~»Sg fluorescence Is frequently observed from
photostable aromatic thiones in perlluoroalkane solvents because this radiative

transition Is electric-dipole allowed, and the Sz radialionless decay rate is slow
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owing to the large S3-S¢ energy gap. (Weakly-interacling perfiuoroalkane solvents
are used lo suppress intermolecular physical and chemical interactions which could
otherwise mask thelr "intramolecular" relaxation processes.) Very large quantum
yields of phosphorescence are also measured in fluid solutions of thiones which are
sulliciently dilule 10 suppress diffusion-limited self-quenching of Ty. In addition,
thermally activated delayed S1 fluorescence in some aromalic thiones and very weak
prompt S1 fluorescence in some smaller aliphatic thiones can alsoc be observed, Both
steady state emission quantum yield and dynamic emission lifelime measurements
(ps for Sz and Sy, us for T4) can therefore be employed to oblain information about
the mechanisms and rates of exciled state relaxation in these systems.

By determining in perfluoroalkane solvenls the rale constants for radiative,
non-radiative, inlramolecular pholochemical and intermolecular quenching
processes of thiones having a varlety of struclures, we have been able to come {o the
following conclusions.

(i) For the photostable aromalic thiones the majority of S» slales decay by
radiationless relaxation to Sq in accordanca with the energy gap law (cf. Figure 2),
In thiones possessing H atoms “§" to the thiocarbonyl group, a minority of molecules
may also decay by a mechanism which bypasses St and T1 and which likely involves a
reversible photochemical path.

(i) Adamantanethione has been described as a model thione for photochemical
studies of the Sa, }(x,x*) slate. However, we have shown that the Sz states of this
and similar alicyclic thiones are loo shorl-lived (2 1 ps) lo account for the
intermolecular photochemical processes which are initialed when the molecule is
exciled to Sp. Alternalives, including short-lived singlet biradicals or "dark”,
doubly-excited stales must be considered. Evidence supporting the involvement of
dark, doubly-excited states based upon the speclroscopy and dynamics of CloCS and

calculations on H2CS will be presented.
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(ili) The ralas of vibrational ralaxation, vibrationa! activation, Sy~~~>T,
intarsystem crossing and Ty~~>S; back-inlersystem crossing are all comparable
in the thiones in fluid solutions near room temperature. Together with the small
S1-Ty enargy gaps in these thiones, this resulls in (a) the observation of thermally
aclivated delayed lluorescence from Sy following direct excitation to Ty, and (b) a
remarkable increase In the quantum yleld of phosphorescence when exciling on the
far red edge of the T1«~Sp absorption band (Figure 3).

{iv) Unhindered thione triplets are self-quenched at or near diffusion-
conlrolled rates. Evidence In suppor! of a mechanism which involves the formation
of triplel excimers will be presented.

(v) The Sz states of many thiones are deaclivaled efficiently In solution by
almost all classes of compounds excepl the perfluoroalkanes (Figure 4). For
saturated quenchers the quenching mechanism Involves nelther electron nor
electronic energy transfer and often ylelds almost no observable photochemical
products. The use of a wide variely of thione-quencher combinations to uncover the
relaxation mechanism will be described.

The thiones also offer excellent opportunilies to observe exciled state-exciled
state interactions. We previously reported the observation of efficient singlet-
singlet electronic energy pooling, 251-1S2+Sy, in CI2CS in the gas phase. The
opportunilies for relaled studies, including triplet-tripiet annihilation in solution
and electronic energy parlitioning in van der Waals dimers both in cold supersonic
beams and In solution will be discussed. _

For recant reviews see: V. Ramamurlhy and R.P, Steer, Acc. Chem. Res., 21,
380 (1988) and R.P. Steer, Res. Chem. Intermed., 12, 81 (1989).

The authors gratefully acknowledge the financial suppor! of the Natural

Sciences and Enginecring Research Council of Canada.
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A CARBENE TO BIRADICAL REARRANGEMENT: REACTION PATHS
FROM [-(8-METHYLNAPHTHYL)CARBENLE TO ACENAPHTIHENE

Michacl C. Biewer, Matthew S. Platz, Martin Roth, and Jakob Wirs,
Institut fiir Physikalische Chemie, Klingelbergstrasse 80, Bascl, Switzerland.

Introduction. 1,8-Naphthoguinodimethane (b) has been identified by ESR
speetroscopy as a nou-Kekulé conjugated hydrocaibon biradical with a ground
state of triplet multiplicity (3b). It was gencrated by fow-temperature photolysis
of the azo compound (1)1 and of the diazo compound (2, X=N2).(2) The high
photochemical reactivity of 3b has largely prevented its detection by
spectroscopic techniques other than ESR.1b Several derivatives of 3b have been
extensively characterized by a vaticety of spectroscopic methods buth as transicnt
intermediates at room temperature and as persistent specics at low
temperature.(4) The hypothetical precursor of 3b in the photolysis of the diazo

compound (2, X=N3), carbene intermediate &, has iemained clusive.(2b, 3)
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The clectronic absorption of the biradical 3b has now been observed both
by low-temperature photolysis and by room-temperature flash photolysis of the
diazo compound 2 (X=N3). Morcover, the precursor carbenc a was trapped

with methanol in fluid solution (Scheme).

The Carbene Intermediate (a). The biradical 3b was formed within the
time resolution of our flash photolysis experiments whicl sets an upper limit of
100 ns to the lifetime of the carbene a at ambient temperature, The carbene was,
however, sufficiently long-lived to undergo intermolecular trapping. The yield
of 3h was reduced when the carbene a was trapped by methanol, but the trapping
reaction did not obey a linear Stern-Volmer relationship. The formation of 4
upon photolysis of 2 in the presence of methanol provides clear evidence for the

existence of the carbene a as 4 true reaction intermediate,

The Biradical Intermediate (3b). 1,8-Naphthoquinodimethane (3b) was
the major product obtained by photolysis of 2 (X=N2) at 77 K and was persistent
in the dark; its absorption spectrum is shown in the Figure. Further photolysis of
3b at 77 K gave acenaphithene in the lowest triplet state which was detected by its
characteristic phosphorescence emission, The yicld of 3b was only about 10 % at
room temperature and it decayed to ground state acenaphthene with a lifetime of
ca. 100 ps in degassed solutions. The deuterated compound 2 (L=D) gave a

somewhat higher yield of 3b (about 15%) in C1H3CN and of the trapping product

4 in methanol,

Discussion. At oo temperature, the singlet state and the tiiplet ground
state of the carbene a appear to be in rapid equilibrium, and intra- and inter-
molecular reactions from both states, 'a and 3a, compete for product formation.
We attribute the formation of 3b to intramolecular hydrogen abstraction
occurring from 3a, the formation of acenaphthene (3) and the trapping by

methanol to reactions occurring from L, 11 the major pathway from la to 3

SaSdatodr oL
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proceeds via 1b, we should expect a strong kinctic isotope ceffect upon
deuteration of the 8-methyl group (L=D). The moderate cflects observed
indicate a concerted CI insertion from la to 3 as the major pathway.

At low teinperature, the formation of the biradical 3b by 1,5-H shift
originating from Ja predominates. Combined cvidence from studics of the
clfects of temperatuie, solvent heavy atoms, and isotopic substitution lead to the
conclusion that the rate-determining step in the thermal ring closure of 3b
involves intersystem crossing to the singlet ground state surface. This is not
obvious on thermochemical grounds, Thermal adiabatic cyclization of 3b to the
lowest triplet state of accnaphthene (33) is estimated to be about thermoneutral,
Nevertheless, 33 is not formed by photolysis of 2 at ambient temperature.

The ring closure of singlet perinaphthadiy! to napluhbcyclopropunc is not
inhibited by a significant energy barrier.4¢ Why doces cyclization of 3b to 33 not
occur on the triplet surface? The answer is that adiabatic cyclization is forbidden
by state symmetry for both the disrotatory and conrotatory rcaction paths, i. c.,
3b and 33 belong to different symmelry species. State-symmetry considerations
arc of no concern for thermal reactions in the clectronic ground state, since
closcd-shell molecules gencrally have a totally symmetric ground state
wavcfunction, However, state-symmetry rules have been dis:ussed for
pericyclic reactions of organic radical cations.(%)

Two pathways for the reaction 3b — 3 have been identificd. At ambicnt
temperature, the product 3 is formed in the singlet ground stat: following 1ate-
determining intersystem crossing of 3D to tie singlet ground state surface, At 77
K, 3b is persistent in the dark; photolysis of 3b yiclds 3 in the lowest cxcited

triplet state by an adiabatic pathway.

L
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Figure: Absorption spectrum of 3b in EPA glass at 77 K.

)

0y

©)

)

()

c 250 300 350 400 sUu
i | | | !
10 M em? et
A
4 - uli' ‘i", —
3 - EPA, 77K -
2 — .
x 100
1 .
0 T I
V/um- 2.5 2.

(a) Pagni, R. M.; Burnett, M. N.; Dodd, J. R. J. Am. Chem, Soc. 1977, 99, 1972,
(b) Jisin, M.; Rommel, E.; Wirz, J.; Burneu, M. N.; Pagni, R, M. J. Am. Chem.
Soc. 1979, 101, 2216.

(a) Platz, M. S. J. Am. Chem. Soc. 1979, 101, 3398. (b) Platz, M. S. ibid. 1980,
102, 1192,

(a) Hadel, L. M.; Platz, M, S.; Scaiano, J. C. Chem. Phys. Lett, 1983, 97, 446. (b)
Barcus, R, L.; Hadel, L. M.; Johnston, L. J.; Platz, M. S.; Savino, T. G.; Scaiano, J.
C.J. Am. Chem. Soc. 1986, 108, 3937,

(a) Muller, I.-F.; Muller, D.; Dewey, H. J.; Michl, J. J. Am. Chem. Soc. 1978, 100,
1629, (b) Platz, M. S.; Burns, J. R, ibid., 1979, 101, 4425, (¢) Hasler, E,;
Gassnunn, L., Wirz, ). Helv, Chim. Acie: 1985, 68, 777. (d) Fischer, J. J.; Penn, J,
11.; Dohnert, D.; Michl, 3. J. Am. Chem. Soc. 1986, 108, 1715, (¢) Fischer, J. J.;
Michil, J. ibid. 1987, 109, 583. () Burnen, M. N.; Boothe, R.; Clark, E.; Gisin, M.;
Liassancen, 11, M,; Pagni, R. M.; Persy, G.; Smith, R, J.; Wirz, J. ibid. 1988, 110,
2527.

Haselbach, E.; Bally, T.; Lanyiova, Z. Helv, Chim. Acta 1979, 62, 577. Dunkin, 1.
R.; Andrews, L. Tetrahedron 1985, 41, 145, Acbischer, J. N.; Bally, T.; Roth, K.;
Haselbach, E.,; Gerson, F.; Qin, X.-Z. J, Am. Chem. Soc. 1988, 111, 7909,




0-59

THE ROLE OF a-AMINOALKYL RADICALS IN THE
PHOTOREDUCTION OF DICARBOXIMIDES BY AMINES.

Tibor Bérces, Attila Demeter and LasziG Biczék
Hungarian Academy of Sciences, P.O. B.17, 1525 - Budapest (Hungary)
and
Véronique Wintgens, Pierre Valat and Jean Kossanyi
C.N.R.S., 2-8 rue Henry Dunant, 94320 - Thiais (France).

It is now widely accepted that reactions between excited state ketones

and amines proceed by rapid formation of charge transfer complexes1‘3.
In polar media, quenching occurs via a solvent separated ion pair to form

free radical-ions4:, Primary charge separation is often succeeded by
proton transfer resulting in the formation of a ketyl and an amine-derived
free radical which is often an a-aminoalkyl radical. Only few studies

dealt with the fate of these radicals®:’. Here we present our recent
results on the investigation of the photo-induced reactions of
dicarboximides (first of all N-phenyl-1,8-naphthalimide) with tertiary-,
secondary- and primary amines, respectively.

The -NCgHg derivatives of naphthalimides have singlet lifetimes less

than 50 ps, fluorescence yields around or smaller than 104 and triplet
yields accounting to 0.1-0.2. An efficient internal conversion to the
ground state occurs in case of the -NCgHg compounds which is enhanced

by the rotational (tortional) mation of the phenyl groupe'

All amines (A} used in this work react with the triplet states of the
naphthalimides (N) as indicated by the decrease of the lifetime of the T-T
absorption of N in the presence of A. Rate constants for triplet quenching
by amines (kq) were found to vary significantly with the amine structure,
In acetonitrile, there is a change of almost five orders »f magnitude in kq
for N-phenyl-1,8-naphthalimide (Ph-1,8-N) triplet gquenching by amines
varying from DABCO {o n-peniylamine. Even more striking is the
considerable effect of the soivent polarity. For the Ph-1,8-N + TEA
system, the kq rate constant increases by almost three orders of
magnitude when n-hexane is replaced by the polar acetonitrile. The
significant sensitivity of the triplet quenching rate on the ionization
potential of the amine and specially on the solvent polarity indicates that
the reaction of triplet N with A invoives a large degree of charge
separation or complete electron transfer.

Detailed transient absorption studies of pholtoinduced reactions of the N

isomers with DABCO showed that, beside 3N, another short-lived

transient can be detected, 10oo. This {ransient, which absorbs in the case
of the Ph-1,8-N + TEA syslem in the 360-520 nm range (with maximum at
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415 nm) is formed on the same time scale and with the same kinetic

parameter as observed for the triplet state decay, thus indicating that 3N
is the precursor of the new transient. Moreover, the transient-absorption
and transient conductivity lime profiles observed seem to agree, thus
suggesting that both belong to the same transient which is a charged
species. Finally, the ESR spectrum - in accordance with all other
observations - proves that the transient can be identified as the radical-

anion N formed by electron transfer between A and N.
—— A The strictly second order decay
ST "Mkinetics of N° observed with DABCO
as the amine additive, suggests that
the N7 species is consumed by back
| electron transfer to the amine-deri-
ved radical-cation re-forming the
ground state starting materials. In
case of open chain aliphatic amines,
strongly fluorescent products are

00 1 L formed and the transient kinetics is

¢ *0 TIHE / s % also more complicated. The [N] time
Fig 15 N° ab t" '“‘. i profile for Ph-1,8-N photoreduction
g. ¥ absorplion time protile by TEA is presented in Figure 1. It

can be seen that there are two dis--
tinct stages in N* formation which are very well resolved in time : there is
a fast primary build-up which occurs well within 1 pus and a much slower.

secondary formation of N* which lasts for several 10 ps. In the photoreduc-
tion ot Ph-1,8-N by TEA in acetonitrile, the maximum value of the quantum
yield of N* formation is twice the triplet yield, i.e. each primary production
of an N7 species is succeeded by a secondary N* formation.
However,d(Ns)max decreases lo a value less than djgc, the intersystem
crossing quantum yield, if the polar {(acelonitrile) solvent is replaced by an
apolar one or if the electron donor is a primary amine like n-pentylamine.
Determination of N yields significantly greater values than ®jgc and

the observation of the secondary formation of N7 makes it clear that,
beside reduction of 3N by A, another efficient electron transfer process
also occurs. We believe it to take place between an a-aminoalkyl free
radical (known as a strong reducing agent® ) and a ground state naphthali-
mide molecule. Thus, the suggested reaclion scheme for the photoreduction
of carboximides by amines possessing hydrogen aloms in the a-position
would be the following :

Baeti. L«




N+ A
ko
BN + A KL g (N & AY) K3 e+ A% KA N4 A
= fofh
EtoN-CH-CH3 + EtaNH
T-T annihilation ksl+ N +N°?
+
EtoN=CH-CH3 + Nr products
kg
k7l+ A

EtpN-CH=CHp + EtgNH

By computer modeling of the formation and decay of Nr, it could be
shown that the pseudo-first order rate constant kg (defined for the secon-

dary N° formation from the .aminoalky! radical) is indeed proportional to
the naphthalimide concentration, i.e. kg = kg|N] (see Figure 2). Furthermore,

N* formation according to reaction (6) could be demonstrated by producing
the a-aminoalkyl radical via hydrogen atom abstraction from the appro-
priate amine (by tertiobutoxy free radicals obtained photochemically) in

the presence of naphthalimide. Our study indicates that N° formation in
reaction (6) is very fast, irrespectively of the type cof amine.
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Fig. 2 : Plot of the rate constant kg versus [N]
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LIGHT XMHODUCED INTRAMOLECULAR ELECTRON TRANSFLR RENCTIOMNS

B, W, Zhang, X. D. Wang, Q. . Wu, Y. Chen,
J. K. Chen, J. W. Bai and Y. Cno’

Institute of P'hotographic Chemistry, Academia Sinica,
Beijing 100101, China

Electron transfer ancd charge separation is one of the process
upon which our existence depends and which is the basis for
advanced developments including organic photoconductors,
photoelectric conversion, nonlinear optical materials as well as
the production and storage of electricity. Most important,
nearly all of earth's life forms use directly or indirectly the
transformation of sunlight inlo chemical energy, which occurs via
an electron transfer and charge scparation process, In this
paper, various donor-acceptor substituted organic compounds with
covalent bond and conjugated X-clectric bond were synthesized and
their pholLoinduced inLramolecular clectron transfer reactions

were investigated,

1. Trind System

A new triad wmodel compound porphyrin-viologen-carbazole (1)
was synLhesized Lo mimic photosynthesis. Pholosynthesis In tgreen
plauts and bacleria is carvied oul, by hiehly ordered system. So
iL“is very important that artificial photosynthesis system should
bJ well organized at the level of moleculesl. We report here the
synthesis of molecule (1) and ils diad molecule (2) which tend to
form Langmujr-bBlogelt film so that we can conveniently assemble a
practical molecular device for solar cnergy conversion,

The absorption spectra and [luorescence spectra of (1)} and

ENOWRS 2ol
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{2) are the same as Lhat ol porphyrin in the region of 350~700nm
and al 655um respectively. Besides, Lhere is another emission
band in (1) ranged from 355 to 370nm, vhich is ascribed ‘o the
emission of carbazole moiety., Spectra studies indicate that
Lhere is no apprecinble inLeraction belween porphyrin, carbozole
and viologen moicties in the ground stale. The relative
fluurescence intensities of (1) and (2) in THF are ca.80% of
porphyrin., The fJuorcscence life-Limes of (1),(2) and porphyrin
were measutred by means of single photon counting technique and
the calculated values of k,y of (1) and (2) are ca. 1.6x1005"1,
All Lhe above data support that photoinduced electron transfer

takes place from the porphyrin moiely Lo the viologen unit.

O)-ocety s P Ji-R - @

Br® Bi

(2):
= Cy6ll33

When only one layer of (1) is formed on Lhe surface of Sn0,
clectrode, the open =circuit veltage and photocurrenl are 430mv,
0.2 uA/cmz regpectively. However, Lhose of (2) are only 274mv,
2

V.05 uA/cm A mechanism including photoinduced clectron transfer

andl Lwo-slep charge separation was suggested for compound (1),

2. Diad System

Two novel covalently bonded eleclron donor {carbazole)—
clectron acceptor (norbornadiene) diad systems wilh different
charn lenglh (3a) and (da) were synthesized for the study of
solar cnergy storage. The structures of these diad compounds were

vdentilicd by lIINHIC. IR and MS spectra and Lhe relationship

3.
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between chain length and conformation of thesce diad compounds was
discussed,

Acetonitrile solution of diad coumpound (3Ja or 4a ) was
irrediated and a new compound (3b or 4b ) was produced with
vield of ca. 70%, The characterization of the spectra showed this
compound is corresponding the quadricyclane. The photoinduced
intramolecular isomerization of norbornadiene diad Lo its isomer
gquadricyclane was achived. The resulls of pholochemical and
photophysical studies, especially the CIDNP experiment, are
consistent wilh existence of intermediates of radical-ion pairs

and & triplet recombinaticn mechnnismz.

CO0CH;y hy < COOCH4
\ Thy350nm
COO(CHz)B:@ ‘ COO (CH)m N
\3
3a. n=6 3b. n=6
4a. n=2 4b. n=2

3. Conjugated ZA-Electric Systiem

The following four Lypes of electron donor-acceptor
substituted conjugated Z-electric compounds were synthesized and
their intramolecular charge transfer behaviors and applications

were investigaled.

N 6. Ry M
50 R]\ , N_@—c
LE()N iy W\
Ry ¢ ~CN 2 £-CN
dn N
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Type (5) compounds are posilive solvatochromic molecules,
The absorplion maxima for 5a and 5b are 177nm, 485nm in heptane
and 527am, 534nm in dimethy]l sulfoxide respectively. Type (7))
vompounds which are Lypical dual fluorescence molecules can cmijlt
ftuorescence from T1CT state ( A band )} and coplanar charge
transfer 1CI' state ( B band ). In DMSO-H40 mixed solvent Llie
absorplion and fluorescence speclra of the compounds with long
hydrocarbon chaius ( 5b, G6b, 7b ) show Lhe aggregalion belinvior
clearly. The fluorescence of compounds { Ta, Tb, Tc )} in
scelonitrile is quenched by trielthylamine. We altribute Lhe
quenching Lo Lhe formation of Lhree~clectron bond betwecen the
amine lonec-pair eleclrons and the cation radical of the
compounds. These results demonstrate that the TICT slate caun be
salislactorily viewed as a charge~-localized biradical state,
Speclroscopic studies reveal that: 1). The molecule of (8)
has an angle ca. 90° between anthryl and trivinyl moiety in
ground state, 2). 1L becomes more coplanar in excilted LE state
and an electron transfers Lo Lricyanovinyl moiety from anthryl
droup in polar solvents. 3). Then compound (8) goes back to
twisted conformation, TICT sLnLea.
Since efficient photloinduced inLramolecular charge transfer
and charge sepuruLibn, these compounds ( 5, 6, 7, 8 ) reveal a
series of very interesling photoelectric behaviors, e.g., Lhese
compoutds show strong signal of surface photovoltage; compound
(8) has a ca. 200 mV photovoltage in DBLM; compound (5) has a’
Jarge Lhird order susceptibility, xa'v JO"8 esu with an optlical

bistnbility.
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SOME LIGHT ON PLASTIC MOLECULES

James E, Guillet

Department of Chemistry, University of Toronto,
Toronto, Canada M55 1Al

Does it make any sense to think of making chemicals with sunlight? Table 1 shows calculations
of the theoretical yield of a one hectare solar chamical plant, roughly the size of a football field
(100 metcrs by 100 meters). With the normal average solar intensity of 300 watts/m? (Montreal
or Toronto) you could make 32 tons & day of a chemical like Vitamin D. ‘That is many times
the entire annual consumption of Vitamin D in Canada, With radiation in the visible region,
there is about 4000 kilowatts of solar energy which could theoretically produce about 200 tons of
chemicals a day, comparable to the production of a full scale chemical plant [1).

Since energy is a major component of the

Fable 1. ‘Theoretical Production of n 1-llectare cost of many chemicals (3'8'- fertilizcrs),

Solar Plant the use of sunlight to make valuable chemi-
Wavelength Production g:{:ogc:uld have important industeial appli-
runge (nm) KW, noon  tons/duy *

The most important of all solar chemical

:,'ﬁ;'i‘l';lgt'_'guz‘;’_ ‘,;;":,'"' y ::::g 233 systems is that of the green plant. low-
. ) h ‘
Neur IR — 700-1000 22,000 212 ever pholosynthesis is complicated because

the natural system contains what are called
"antennas", In the leaf of a green plant
the chlorophyll, which is green, is not dis—
tributed evenly throughout the leal, but is localized in small units called chloroplasts, Further-
more, the arrangement is not cven uniform within the chloroplasts. In 2 sin(fle photosynthetic
unit, there is one active centre, fphu about 200 extra chlorophyll units embedded in a lipid bi-
layec membrane. The purpose of these extra units is to act as antennas s0 that the light absorb-
ed will be delocalized through the system and eventually will reach the active centre to drive the
process of photosynthesis.

A number of years ago [2], polymer scientists discovered that aromatic polymers such as poly-
(vinylnaphthalcne? and poly{:aph'.hylmcthacrylale) have similar properties, If these polymers
are irradiated with near—UV light, an excitation on one of the naphthalene groups is localized for
only a few picoscconds before it hops along the chain to some other adjacent group. In fact, it
will move back and forth in a random walk until it is tnrped or the energy is emitied as a pho-
ton of Muorescence, This is an example of whal we call the "antenna elfect", or "photon har-
vesting" in polymeric molecules, A polymer antenna is a polymer which, in solution, looks
something like Fig. 1 where the N's are naphthalene, and A is anthracene. This random coil in
solution is capable of absorbing near ultraviolet light, and translerring the excitation from the
absorbing naphthalene groups ~ there may be a thousand of them — to a single anthracene trap
in the middle. ‘The Auorescent specirum of the polymer shows that the emission iatensity from
the thousand naphthalene groups is less than that of the one anthracene on the chain, Clearly
the energy absorbed by the naphthalene has been translerred to the anthracene. Over the last
decade or so we have been looking at various ways in which one can use this encrgy—-harvesting
process to do useful chemistry.

Tt is now well established [2] that the energy is transferred by means of a singlet encrgy transfer
{¥orster) mechanism due to dipole-dipole interactions hetween the various groups in the chain.

a2
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‘The clficiency of this process approaches 95%, so we can build antennas which are just as good
as Nature's antennas at collecting photons. ‘Lhe lifetime over wlich this excitation moves is
very vy short, of the order of 10-20 ns, or 10-% s, After that there is a chance that the
excitation will convert to a triplet which has a much longer lifetime, of the order of 0.1-2 s.

HOTOZYMES

‘These new polymers are usually copolymers of a vinyl aromatic compound like vinylnaphthalene
wilh styrencsuf’phoxmle or methacrylic or acrylic acid. These unusual polymers behave normally
in an organic solvent to forin something like a random coil, but if dissolved in water, they form
pseudo-micellar steuctures in which the hydrophobic groups tend o go on the inside, and the
hydrophyllic geoups on the outside. ‘Thete is nothing vcr{ surprising about this except that onc
might have cxpected that with polyclectrolytes the repulsions Letween the jonic groups would
spread the chain out into a lincar rod-like chain. Apparcntly the hydrophobic interactions are
too strong and the polymer adopts a pseudo-miccllar conformation, which has very intercsting
properties.

For example if the polymer is dissolved in water in the presence of a hydrophobic organic mate-
sial, the organic compounds will scck out the centre of the "hydrophobic pocket". If the solution
is then irradiated, light will be absorbed by the many naphthalene groups and Uhcir energy
transferred cither or directly ot electionically, to the molecules in the centre, inducing extremely
tapid photochemical reactions. PDecause of the analogy between these pseudo—-micelles and an
enzyme, which also has a hydrophobic pocket, and which is capable of doing rapid and rather
specific chemical reactions in living systems — we have called them "photozyines”.

The exact wmolecular conformation of these polymers in water has not yel bLeen delermined.
They ate random polymers. All of the naphthalene cannot be in the centre and all of the sul-
phonates on the outside, Clearly there must be some distribulion where the larger sequences of
vinylnaphthalene are in the centre and the individual sulphonic acids are towards the outside.
Light scallering data indicate that the effective hydrodynamic radii are larger than one would
prediet from a random coil model, presumnably because of the repulsion of the charged ionic
toups within [3]. Studics by light scatlering, quasi~clastic light scatlering, and by uliracentsi-
upe, indicate that there is no coagulation of these polymnces F'I]. They are single molecules in
solution with molccular weights from 50,000 to 200,000, and they appear Lo Le spherical,

Most of our studies of photozymes to date have used a copolymer of neatly equat proportions of -

sodium styrenc sullonate and 2-vinylnaphthalene, denoted PSSS~VN, with a molecular weight of
about 200,000 (by ultracentrifuge), ‘Uhie fluorcscence of a very dilute solution of this polymer (of
the order of 10 or 100 ppm) shows two emission bands, onc from the naphthalene "monomer”
and the sccond from what is called an excimer of naphihalene (Fig. 2). 1f a very small quantity
ol perylenc is added to this solution, the naphihalene emission decreases and superimposed on it
is a strong characleristic emission from the perylene, even though it represents only one part in a
thousand of the total composition (Fi'f' 2), 'This is clear evidence for energy transfer from naph~
thalene lo perylene via the anteana effect.

It the concentration of polymer is incrcased, the amount of perylene solubilized also increases:
Increasing the perylene (al constant polymer concentration) the fluorescence cmission reaclies a
constant value, indicating that the polymer is fully saturated. From these dala the partition

coclficicnt between water and the interior of the hydrophobic pocket can bLe calculated. Table 2 -
shows the number of aromatic probe molccules at saturation in PSSS~VN. Six mwolccules of °
anthracene can be dissolved in each polymer molecule, two of diphenyl anthracene and only one |
of perylene, ‘The partition coelficients are greater than 108, ‘[hus nearly all of the aromatic

compounds present in an aqucous solution will be localized inside the hydcophobic pocket of the
photozyme,

Bageiipe
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Table 2. Partition Coefficients K and Solubility The dimensions of these polymer coils can

of Varjous Aromatic Probes in PSSS-VN be changed by adjusting either the pH or

v the ionic strength, At high pH or ionic

Wavelength Kx10 Mol/mol strength, the coil is compressed. At low
range (nm) . (13%) of polymer  and high pIl (and high ionic strength) the

volume decreases by an order of magnitude.
However the solubility does not change

Anthracene 12.70 6 S A At

: very much, indicating that even though the
g,ig:ggn;ethyllum'hrucene ;zgg g photozyme is not as non~polar when it is
9’—nleti\‘gl:ﬁ\nt{\rmte::cem 016 10 expanded, it still retains its affinity for

Perylene 1870.00 ) hydrophobic molecules.
Irradiation of photozyme solulions of
aromatic molecules in the presence of
oxygen leads to very rapid conversion of
the aromatic, such as dimethylanthracene,
. into an endoperoxide which eventually is

ci, cu, converted to a quinone.
e Since this compound does not fluoresce,
@@@ + 0y —> @@ there is an immediate decrease in the fluor-
escence intensity, The rate can thus be
ciy ci, followed by fluorescence measurements.

However, in this case the rate of photooxi-
dation does depend on the expansion of the
coil,

. In the highly expanded form, the singlet oxygen may be generated too far away from the probe
for reaction to occur. Thus, in this type of photozyme reaction, the rate can be adjusted by the
simple addition of salt or acid. Since the photozyme is in equilibrium with the aqueous solvent,
the photochemical reaction can be carried out sequentially. More substrate can be added after
reaction and this process repeated mzny times. By analogy to an enzyme there is a cycling of
the reagents through the catalyst, hundreds of cycles can be carried out in some of these systems
to produce substantial yields of product. There are also indications that there is a certain selec-
tivity to the chemical reactions within the photozyme {5,6}.

Polycslorinated biphenyls (PCBs) have solubilities of the order of 1 ppb in ordinary water, but
many people think that they are so toxic that their concentration must be reduced to parts per
hundred trillion. That represents a technical problem because the law of mass action predicts
that the rate of any reaction is proportional to concentration, With only 1 ppb of one reagent,
the rate of reaction will be very slow unless a large excess of the other reagent is used.
Fortunately, the enzyme—like nature of photozymes means that the PCB can be concentrated in
the reaclive centre. We have found that the photozyme PSSS-VN is very efficient to
dechlorinate typical PCBs. For example, solar irradiation of hexachlorobiphenyl, a model PCB,
results in substantial conversion to less toxic compounds, often after only a few days of solar
radiation {7}. It seems that the photozyme itsell plays a part in the mechanism by forming a
complex with the PCB before the halogen is removed. Further studies with commercial Arochlor
samples confirm the efficacy of the photozyme (8].

A typical Arochlor consists of hundreds of chlorinated biphenyls, and the higher components are
eliminated over a period of time. Those which are the most dangerous toxicologically, are grad-
ually transformed. In a possible application the photozyme could be added at parts per million
levels Lo a tailings pond containing contaminated water. The rate of dechlorination is probably
100 times greater than if the water is irradiated directly.

Hoara i s
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As these experiments illustrate, these photocatalytic polyelecrolytes (photozymes) have a number
of potentiaily important practical applicatons to industrial photochemistry.

This work was made possible originally by the award of a Guggenheim Fellowship, and later a
Killiam Research Fellowship (20 J.E.G.). Financial support irom the Natural Sciences and
Engincering Research Council of Canada and the Ontario Centre for Materials Research is

gratefully acknowledged.
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-
PHOTOCHEMISTRY IN ORGANIZED MONOLAYERS

Dietmar Mobius, R. C. Ahuja, P. Aramendia, G. Caminati and D. Hdnig
Max-Planck-Institut fiir biophysikalische Chemie, Postfach 2841, D-3400 Géttingen

The organization of amphiphilic molecules in monolayers at the air-water
interface is controlled by parameters like monolayer and subphase composition,
surface pressure and temperature. The reactivity of molecules in monolayers at
the air-water interface is different from that in monolayer systems due to differ-
ent mobility. This may be particularly important in interactions with components
in the adjacent aqueous phase, since a floating monolayer can incorporate appro-
priate molecules and relaxe whereas water soluble components may only be
adsorbed to the surface of a monoluyér system. Binding of small charged mole-
cules to a monolayer depends strongly on the nature of the dipoles at the
monolayer-air interface or on the underlying structure of monolayer systems on
solid substrates.

1. Brewster angle microscopy. No p-polarized light is reflected from the air-water
interface if the angle of incidence is the Brewster angle. Keeping the angle
fixed, reflected light is detected after formation of a monolayer on the water
surface, and reflectivity/area isotherms can be measured upon monolayer com-
pression simultaneously with surface pressure/area isotherms™, This is quite
different from measurement of reflectivity isotherms or reflection spectra‘®
with normally incident fight absorbed by the dye, since light absorption is inten-
tionally avoided here in order to prevent photoreactions,

The reflected light may aiso be imaged on a CCD camera, and a microscopic
image of the monolayer is recorded showing domains and phase transitions in
the absence of fluorescent probes(:3), Brewster angle microscopy (BAM),
therefore, provides information on the lateral structure of monolayers on the ym
scale, The contrast between the areas covered with liquid state monolayer (dark)
and those with liquid-condensed domains (bright) originates from different thick-
ness and/or different refractive indices of the areas. Therefore, BAM may be
useful in the investigation of photoreactions in organized monolayers,

2. Spiropyran/Merocyanine System at the Air-Water Interface, The use of the
photoisomerization reaction of an amphiphilic spiropyran SP in mixed monolayers
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with octadecanol for generaticn of a surface pressure jump has been described
earliert), We have now investigated the behaviour of mixed monolayers at the
air-water interface of an amphiphilic spiropyran SP and phospholipids such as
OMPC, DMPA and DPPS as matrix were investigated. The reflection spectrum
shows the two chromene bands at about 370 nm and 280 nm which are slightly
shifted to longer waves with respect to the solution spectrum. The reflection
spectra are sensitive to the matrix molecule and monolayer relaxation indicating
polarity effects and change of chromophore orientation at the air-water interface.

Irradiation of the mixed SP/phospholipid monolayer with 366 nm radiation
leads to large changes in surface pressure and the appearance of a reflection
band at 550 nm corresponding to the merocyanine form MC. This MC form re-
verts to the SP form both in the dark and photochemically with corresponding
changes in surface pressure, The MC form emits a fluorescence at 650 nm
which can be excirted either directly (545nm to 575 nm) or indirectly (370 nm).
The kinetics of the isomerization from SP to MC was measured using the
fluorescence signal of the MC form.

3. Reversible Isornerization of an Amphiphilic Azobenzene. In contrast to the
spiropyran where the chromophore is the head group of the amphiphile, here the
chromophore is part of the hydrophobic chain. The isomerization of the azo-
benzene AP812 (structure below) was investigated in monolayers at the air-water
interface as well as in transferred monolayers. The reflection spectra of the
trans and cis forms of an AP812 monclayer at a surface pressure of 30 mN/m
are shown in Fig. 1. Trans-cis isomerization was obtained by illumination with
366 nm radiation. The cis form reacts b. ° to trans upon illumination at 436
nm. Both kinetics and degree of cis-trabns isomerization depend on surface
pressure and light intensity. The reflection spectra of the trans form show a
blue shift with increasing surface pressure. The Isomerization can also be
carried out reversibly in transferred monolayers.

4. Photoinduced Electron Tra..sfer in Monolayers at the Air-Water interface, In
dense-packed monolayers of a pyrene-labelled palmitoyl-phosphatidylcholine
(PyPPC) and DPPA the pyrene is located at the monolayer-air interface. The ad-
sorption of the electron acceptor methyl viologen (MV) from the aqueous sub-
phase to the negatively charged head groups of the mixed monolayer was charac-
terized by measuring the reflection spectrum of MV with maximum at 265 nm.

¥ %
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Upon excitation of the pyrene photoinduced electron transfer across the mono-
layer to MV causes steady state quenching of the pyrene monoimer emission.
The surface density of adsorbed MV and consequently the extent of quenching
depends on the bulk concentration of MV.

5 Effect of Dipole Layers on Photoinduced Electron Transfer. investigations of
protonation equilibria at the interface monolayer system-water have revealed a
strong influence of the underlying system on the apparent pK of a fluorescent
probe located at the interface in an unchanged near environment!S:6), We have
studied fluorescence quenching of an amphiphilic pyrene located at the system-
water interface of a biloyer on glass in contact with an aqueous phase by
methyl viologen {MV) adsorbed to the negatively charged head groups of the
monolayer matrix. Quenching depends strongly on the nature of the first layer in
centact with the glass surface, although the second layer in contact with water
has the same composition. No quenching in contact with 107 M MV is observed
when the first layer is eicosylomine, considerabel quenching was found under the
same conditions with cadmium arachidaie as first layer. The phenomenon is
ascribed to the effect cf charges and dipoles at the glass surface on the MV
concentration near the system-water interface.
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Fig. 1+ Reflection spectra of monolayers of the amphiphilic azobenzene AP812, cis
form with maxima at 315 nm and 445 nm, trans form with maximum at 335 nm.
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PHOTOINDUCED ELECTRON AND ENERGY TRANSFER IN COVALENTLY LINKED
SUPRAMOLECULAR SPECIES BASED ON METAL COMPLEXES

Franco Scandola, Carlo A, Bignozzi, Claudio Chiorboli,
M. Teresa Indelli, and Maria A, Rampi

Dipartimento di Chimica dell'Universitd, Centro di IFotochimica CNR,
44100 Ferrara, ltaly

Supramolecular photochemistry is a new and rapidly developing ficld of rcscarch.(l) in
which aspects of fundamental and applied nature are deeply intertwined. Ina
supramolecular system made up of suitably linked molccular components, the study of
photoinduced intercomponent processes offers substantial mechanistic advantages over that
of analogous bimolecular processes. It is indeed from the study of covalently linked "dyads"
that some major advances in the understanding of fundamental aspects of electron and
energy transfer processes have recently been obtained.(:3) On the other hand, the world of
biology, with the supramolecular structure of its reaction centers and active sites, represents
a continous source of inspiration to the field. Mutural systems aie able to achieve light-
induced functions at a molecular level, an outstanding example being givren by the
transmemmbrane charge separation occurring in photosynthetic reaction centers. 4.5)
Extension to anificial systems leads to the concept of photochemical molecular devices, i.c.,
appropriate asscmblics of molecular components (supramoiccular structures) capable of
performing valuable light-induced functions (vectorial charge separation, directed migration
of electronic energy, remote photosensitization, switch on/off of electrical or light signals,
modulation of receptor ability, controt of cavity size, clc.).((’) For most ligth-induced
functions, likcly mechanisms involve sequences of clementary acts (radiative or
radiationless processes within single components as well as intercomponent energy and
clectron transfer processes).

Transition metal complexes are attactive building blocks for supramolecular systems,
duc to their flexibility with respect to excited-state and tedox properties. Supramolecular
systems made > of metal complex covalently linked via biidging ligands are commonly
termed polynuclear complexes, and their photochemistry is receiving an incicasing amount
of attention. () The subjcct of this presentation is the behavior of some polynuclear
complexes containing Ru(Il), Re(1), Rh(H1), and Cr(l11) subunits, designed to the purpose of
studying photoinduced intercomponenl cacrgy ..d clectron transfer processes between
metal-containing components. ‘The main results obtained can be summarized as follows.
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Polychromophoric systems, 'These systems are made of a number (two to five) of metal-
bipyridine chromophores linked by bridging cyanides. The excited-state energies of the
various chromophuoies, while similar, arc not exactly the same due to differences in metal
(Re(l), Ru(lly), ancillary ligands (bpy, CN°, CO), and bonding modle (N- or C- bonded) of
the bridging ligand. In all cases, fast intercomponent encrgy transfer has been observed,
leading to 100% efficient population of the lowest-energy excited chromophote. These
systewns behave as (supra)moleculivr antennas, This effect has been used as a micans to
increase the light absotption efficiency of sensitized semiconductors,
Chramophore-luminophore compleaes. In these complexes, one or two Ru(11)-bipyridine
units, characterized by intense visible absorption, have been coupled via bridging cyanides
to Cr(itl) complex units, which practically lack of visible light absorption but have a very
typical nanow and long-lived red emission. Fast and cfficient intercomponent encrgy
transfer has been observed, leading to efficient emission from the Cr(1il) luminophore
following visible absorption by the Ru(ll) chromophore, Two-component systems of this
type are better suited than simple molecufar species for separate optimization of the tight
absorption and cmission propertics, and could represent a useful strategy in the design of,
¢.g., luminescent labels,

Photoinduced electron transfer, "Bis-bipyridine” ligands, where two bpy-type ligands are
covalently attached in the 4 position by a two-methylene chain, arc used to build up systems
in which intcrcomponent election transfer can be studicd. The absorbed light is uscd to
trigger the clectron transfer event cither directly (A*-B --> AY-B", photoinduced electron
transfer) or inditectly (to produce a site-selectively teduced species that undergoces charge
shift, B7-C --> B-C"). Attempts to couple the two types of system to obtain photoinduced
charge separation over a three-center system (A*-B-C --> A*-B-C") me in progiess.

(1) Balzam, V. and Scandola F. (1991) Supramolecular Photochemisiry, orwood

(2) Closs, G. L. and Miller, J. R, (1988) Science 240 440

(3)  Oecvering, 1L, Verhoeven, J. W., Paddon-Row, M. N., and Warman, J. M. (1989)
Tetrahedron 45 4751

(1) Deisenhofer, J. and Michel, 11, (1989) 28 Angew, Chem. Ine, Ed. Engl. 829

(5)  1luber, R (1989) Angew. Chem. It Ed. Engl. 28 848

(0)  Ref. {, Chap. 12.

(7} Scandola, F., Indelli, M. 1., Chiorboli, C., and Bignozzi, C. A, (1990) Top. Curt.
Chem. 15873
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Photoinduced Electron Transfer and Pholo-conduction in Langmuir Blodgelt Films

M. Van der Auweraer, C, Cathry, D. Meerschaut and F.C. De Schiyver

Chemistry Department K.U. Leuven
Celestijnenlaan 200F 3001 Leuven Belgium

0. Karthaus, L. Hausling, H.Ringsdorf
Institut Fur Organische Chemie, Johannes Gutenberg Universitiit Mainz
J.J. Becherweg 21, 6500 Mainz B.R.D.

Photo-induced electron transfer in monolayer assemblies has been ob-
served by fluorescence quenching(l)'(z) of dye molecules or aromatic
moieties incorporated in Langmuir Blodgett films and by the generation cf
photo-currents perpendlcular(3)'(“)'(5) and parallel(é)'(7’ to Langmuir
Blodgett films,

When a monolayer of an wWw-(2-anthryl)-fatty acid and a mixed
monolayer of a cyanine or xanthene dye and arachidic acid are deposited
successively on an anthracene single crystal (figure 1) a photo-sensitized
hole current is observed upon excitation of the dye. The photo-current
injected by this monolayer assembly saturates at considerably lower field
strengths than photo-currents injected by adsorbed dye molecules. This
could be attributed(®) to a decrease of the image potential that binds the
injected hole to the first layer of the crystal, leading to a more
efficient escape(g) of the injected hole. The decrease of the quantum
yield of the sensitized photo-current observed ipon increasing the length
of the w-(2-anthryl)-fatty confirms that the low overall quantum yield is
due to competition between the monomolecular decay of the excited state of
the dye and the primary electron transfer step. A quantitative
interpretation of this effect suggests that the electron transfer is
assisted(10) by the Interaction between the highest occupled w-orbital of
the dye and the highest occupled ou-orbital of the alkyl chain. Replacing
arachidic acid by tripalmitine changes the electric field at the interface
between the two monnlayers and decreases the efficlency of the electron
transfer by 90 1.

While some experiments auggest(ll)'(lz’ that condensed Langmuir
Blodgett multilayers of saturated fatty acids corsist of a conglomerate of

twodimensional microcrystals more homogeneous multilayers can be obtained
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from low molecular polymers(13).

(14),(15)

Polymers with mesogenic
triphenylene side chains (figure 2a), forming discotic bulk
phases, were able to form stable monolayers on a water surface., By
transfer of those monolayers to a substratum is was possible to obtain
multilayers where the triphenylene moieties were arranged in stacks
oriented parallel to the surface of the substratum (figure 2b).

The absorption spectra of the Langmuir Blodgett films are
characterized by a maximum at 278 anm and a shoulder at 310 and 350 nm,
They correspond to the absorption spectrum of a dilute solution of the
same hexa-alkoxy-triphenylene which is characterized by a main maximum at
278 nm and smaller mexima at 306 nm and 347 nm. The fluorescence spectra
of both the LB-film and the solution consist of a band with a maximum at
385 nm. The 0-0 transition of the fluorescence spectrum is for both
samples observed at 370 nm. Those data suggest that no strong interaction
occurs between the triphenylene moieties in the Langmuir Blodgett £ilm,

The dark and photo currents of the mono- and multilayers at applied

1 yere determined. In order

electric fields between zero and 5.0x10* vem”
to have no interference from pinholes the conductivity was determined
parallel to the auartz substratum on which 15 interdigitized gold elec-
trodes with a8 spacing of 0.1 mm and a length of 5 mm were deposited. When
the applied voltage was increased from zero to 500 V the dark current
increased to 1.2x10711 A (8.3x10’5 Acm’z) for samples covered by a single
monolayer of the triphenylene derivative. For a slide covered by 15 mono-
layers dark curreants between 1.2x20°10 and 2.9x10710 A (5.3x10"6

1.3x10°7 Acm'z) were obtained at 500 V. The dark currents could be

and

compared to those obtained for mixed mono- and multilayers of a copper
phtalocyanines and stearyl alcohol (16, Upon illumination with a light
flux of 1.0x10"3 W at 350 nm the photo-current amounts to 5.9x10711 A
(5.5x10°% Acm™%) at an applied field strength of 5.0x10% vem! for a
single monolayer. For fifteen monolayers photo-currents between 4.6x10"7 A
and 4.4x10"% A were (2.1.:(10'3 and 2.0x10"2 Acm'z) obtained under those ex-
perimental conditions. The photo current responds with a relaxation time
of 40£15 s to e variation of the light intensity.

The dark current obtained for a slide covered by fifteen monolayers
of 1/1 mixture of the hexa-alkoxytriphenylene oligomer and tri-
nitrofluorenone was of the same magnitude as that obtained in the absence

of trinitrofluorenone.
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Figure 1: The monolayer assembly used for the photo-sensitized injection

of holes in anthracene single crystals.
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Figure 2: The building block of the discotic liquid crystnlline polymer

and a schemntle representation of the Langmuir-plodgett £ilm.
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For the mixed multilayer no photo-current could be obtaluned.
Introduction of trinitrofluorenone quenched the f{luorescence by 90 2
without changing the features of he emission spectra. This could indicate
that partial demixing occurs and that all residusl fluorescence comes from

parts of the multilayer containing no trinitrofluorenone.
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THE POTENTIAL ENERGY SURFACE OF THE LOWEST EXCITED TRIPLET STATE
OF 1,3,S-HEXATRIENE.

Robert Wilbrandt', Sgrein Mgiller!, Frans W. L:\ugkildc’. Albert M. Brouwer®, Fabrizia Negti® and
Gioigio Orlandi*

IDepariment of Envirommental Science and Technology, Risss Nationat Laboratory, DK-4000
. Roskilde, Denmaik
Department of Physicat Chiemistry A, Royal Danish School of Phaunacy, 2 Universiteispatken,
DK-2100 Copenbagen, Denmink
SLaboratory of Organic Chemistry, University of Amsterdam, NL-1018 WS Amstcidam, The
Netherlands
‘Dipartimento di Chimica G, Ciamician, University of Bologna, 1-40126 Bologna, ltaly

1. Introduction

In previous studics(1,2) we considered the time-resolved resonance Raman (TRRR) spectra of 1,3,5-
hexatriene (HT) in its lowest excited triplet state in order to obtain information about the geometry
of the T, intermediate and the mechanism of the cis-tans photoisomerization in T,

In the present paper some resulls of the most recent experimental and theoretical studics are
presented, and the present picture of the potential energy surface in the lowest excited T, state of
1,3,5-hexatricnes evolving from these and our previous investigations is summarized, A wore detailed
account of this work is 10 be published([3-5].

In order 1o obtain infonnation on the T, state of 1T, scveral experimental and theoretical methods
arc uscd:

‘Time-resolved resonance Raman spectroscopy: The experimental method giving the most detailed
structural information on cquilibrium geometrics in the cxcited Ty state is TRRR spectroscopy.
Vibrational frequencies in the ‘¥, state provide characteristic fingerprints of the cquilibrium geometry
or geometrics in the T, state. Thereby, detailed structural information on thie relative minima of the
potential cnergy surface is obtained. /atensities of resonance Raman bands are dependent on the
relative populations of scaltering molecules and characteristic of the changes in molecular geomneltry
occurring upon excitation from the T, to the T, state of the resonance transition. Henee, information
not only on the T, but also the T, state is available fiom the specua.

By variation of the temperature in TRRR cxperiments infonmation on the relative populations
among different minima and hence on the relative energy of different minima is obtained.

The kinetics of equilibration among different minima on the T, potential cnergy surface at various
temperatures, as revealed by ‘TRRR spectra, allows to draw conclusions about the height of barriers
separating different minima from cach other. If barricrs are sufficiently small, cquilibration occurs
rapidly, i.c. within the lifetime of the T, statc; if they are large, on the other hand, no cquilibration will
be observed. Equilibration along torsional coordinates around lormal C=C double and C-C single
bonds can be studied by varying the ground state configurations and conformations of the HT
derivatives by studying different isomers and rotamers.

‘The study of deuteriated molecules provides a meuns o further support the assignment of
vibrational specira,

Time-resolved absorption spectroscopy: Time-resolved absorplion spectroscopy allows (o detennine
triplet-triplet absorption spectra and kinetics of triplet state formation and decay. In panticular, ', —
T, absorption spectra arc important for an assignment of the T, state active in the resonance transition,
which is necessary 1o calculate TRRR intensitics, Kinctics of tiiplet decay as a function of temperature
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yicld activation cnergics and frequency factors of Arrhenius plots and are interpreted in terms of
torsional barriers on the T, potential encrgy surfuce, The measurement of rate constants of triplet
energy transfer using 1T as cither donor or acceptor yiclds information on cnergies of vertical and
rclaxed triplet states of HT.

Photostationary triplet state photochemistry: The mcasurement of photostationary states and
quantum yields of photoisomerization by sensitized stationary photochemistry for a varicty of donors
and acceplors with different triplet energics is an additional, more indirect, method 10 determine triplet
state energies and minima on the T, potential encrgy surface.

Theoretical quantum chemical ealenlations: The understanding of the results of the above mentioned
experimental investigations are crucially dependent on a comparison with results from theoretical
calculations. The experimental TRRR spectra were interpreted by quanium mechanical calculations
(QCFF/PI and CNDO/S) of equilibrium geometrics and vibrational frequencics at the trans (E), cis (Z)
and centrally twisted (P) geomctrics in T, and in the T, state responsible for the TRRR activity, On
the basis of these calculations the T, nommal modes showing (he strongest Franck-Condon activity in
the TRRR spectra can be identificd for cach geometric isomer of HT,

2. Results and Discussion

The observed TRRR spectra for unsubstituted HT are shown[1-3) to result from a superposition of
the spectra of the Z and E forms with possible weak contributions from the P form. 1t was concluded
that the transicnt T, intermediate in the photoisomerization of 11T, monitored by TRRR spectra, exists
as an cquilibrium between several geometric structures, in which planar molecules represent a
substantial fraction, and that a possible minimum of the potential encrgy curve at the centrally twisted
geometry must be rather shallow. An example of experimental and calculated spectra is shown in
Figure 1 for 3-d-HT.

In this paper we consider the combined results of TRRR spectra and decay kinetics of the T, inter-
mediate of H'T', some of its deuteriated derivatives, and of its 2,5-dimethyl- (DMHT), 2-methyl- (2-
MITT), and 3-methyl- (3-MHT) derivatives. The T, TRRR specra of the two isomers of non-deuteriated
DMHT have been reported previously[6). We now repont the spectra of E- and Z-3,4-d,-DMIIT and
of E-3-d-DMHT together with remeasured spectra of DMHT-d,, Funthermore, resonance Raman spectra
of E-2-MHT, E-4-d-2-methyl-1,3,5-hexatriene (E-4-d-2-MHT), Z-2-methyl-1,3,5-hexatriene (Z-2-
MHT), E-3-mcthyl-1,3,5-hexatricne (B-3-MHT), and Z-3-methyl-1,3,5-hexatriene (Z-3-MHT) in the
lowest triplet state T, are reported and discussed, QCFEPL caleulations are performed (o delennine
cnergics and optimized geometrics in the Sy, Ty, and T, electronic states. For cach T, species, T, = T,
wransitions, vibrational frequencies, and RR intensitics aie caleulated and compared with the observed
frequencies and intensities (as exemplificd in Fig.1). An example of determination of the activation
energy of the decay of the 'Fy state is shown in Fig, 3 lor 2-MITT and 3-MUT,

Fanally. in Fig. 4 the qualitative potential energy surfaces in the ') state of the methyl substituted
1IT's are shown, resulting from different picces of infornmation as discussed above, 1t can be scen that
characteristic differences are found for the different molecules. The T, potential energy surface of 3-
MUY is very similar to that of unsubstituted HT[1). Steric interaction is responsible for the high
energy of the Z isomers of DMUT, “The barrier along the torsional coondinate of the central CC bond!
at the P geometry is seen to vary, being (0.7-0.8 Keal/mol for HT, cPt-DMIT and 3-MIIT, while 2-
MIFT shows a lower barricr of (1.4 keal/mol and no barrier is found for the (Pt forn of DMITT,
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FEMTOSECOND ELECTRON TRANSFER IN THE ELECTRON DONATING
S8OLVENT: N NEW TYPE OF ELECTRON TRANSFER

Keitaro Yoshihara, Tohru Kobayashi, Yoshihiro Takagi,
Hideki Randori, and Klaus Kemnitz

Institute for Molecular Science, Myodaiji, Okazaki 444 (Japan)

Introduction

Studies on photo-induced intermolecular electron transfer
reaction are usually carried out in solutlons of electron
donor and acceptor in non-reactive solvent, in which the rate
of electron transfer is limited by the translational
diffusion rate. To obtain direct information on the rate
constant of fast intermolecular electron transfer, it is more
favorable to perform the experiment in contact systems of
electron donor and acceptor, in order to eliminate the
limitation by translational diffusion. ‘I'wo kinds of contact
systems had been developed previously: i) dyes adsorbed on the
surface of organic single crystals {1) and ii)dyes dissolved
in molten aromatic hydrocarbons as electron donors or
acceptor {2].

Here we report the ultrafast fluorescence quenching of
excited dye molecule (nile blue A perchlorate; NB) due to
photo~-induced intermolecular electron transfer in neat aniline
(AN) and N,N-dimethylaniline (DMA), acting as weakly polar
electron-donating solvents. The present contact systems are
weakly interacting or non-interacting in the ground state, as
is manifest in unaltered absorption spectra, and are thus
distinct from the studies on the typical charge-transfer
complexes.

In the present work, rate constants of electron transfer,
which is up to 50 times faster than the longitudinal solvent
relaxation time, are discussed, and adiabatic and non-
adiabatic theories are applied to explain the phenomenon.
Strong contribution in weakly polar systems by ultrafast
nuclear reorientation can provide ultrafast pathways for
electron transfer.

Experimental

A homemade, hybridly mode-locked, synchronously pumped
dye laser, coupled with a cavity damper and a prism pair for
dispersion compensation, produces 595 nm pulses of 0.3 ps at
15 kW peak power and a repetition rate of 3.8 MHz. The
fluorescence decay of NB is measured at the magic angle by a
conventional fluorescence up-conversion system, using a BBO
crystal, as shown in Fig. 1. Ground-state recovery time of
NB/AN (Fig.2) was measured by a subpicosecond pump~prohe
apparatus.,

.
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Results

The fluorescence decay curve of NB/AN and NB/DMA are shown
in Fig. la and b. Using the auto-correlation shape of the
excitation laser pulse as an instrument response function, the
decay lifetime can be obtained by an ordinary deconvolution
procedure. The decay curve is clearly non-exponential and we
tentatively adopt a two-exponential fitting procedure,
yielding lifetimes of 0.4 (56%) and 2.5 (44%) ps for AN and
0.1 (95%) and 2.3 (5%) ps for DMA, with the lifetime of the
slow component in case of DMA being approximate only. Both
of the lifetimes are very much shorter than that obtained in
inert solvent (5.6 ns). In order to get information about
potential contribution by a dynamic Stokes shift, measurements
of fluorescence decay are carried our at different
wavelengths between 658 nm and 817 nm. At the shortest
wavelength (658 nm) the contribution of the fast component is
found to be only slightly larger (by about 10%), indicating
that the effect of the dynamic Stokes shift on the
fluorescence decay curve is small, as could be expected from
the small Stokes shift observed in the steady-state spectra.

Fig. 2 shows a ground-state recovery of NB/AN, whose time

constant is 2.8 ps. In the present cantact system, the back-
electron transfer also occurs very rapidly (within 2.8 ps).

[ (a) g (v)
g NB/AN % NB/DMA
£ §
5 5
: , :
& X g
£ i
2 . 2
# ‘\.:v\\s;
Lt :t:.“\%;""i £ sy -
0 5 10 5
Time/ps Time/ps

Fig. 1. Fluorescence decay curves of Nn/@N (a) and NB/DMA
with a convoluted decay curve. Observation wayelenqth is
690 nm. Broken line indicates the autocorrelation of laser.
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Discussion

For this ultrafast electron transfer reaction, we applied
both adiabatic and non-adiabatic models.

(1) Adiabatic Model. The solvent reorientation
energy, Jg, in the present weakly polar systems had baen
estimated to be 0.3 eV by Marcus theory with a crrection for
non-spherical molecules. The intramolecular reorientation
energy is obtained as A; = Shw = 1.8 X 1400 en~l = 0,31 eV.
Since A;/dg ~ 1, a strong contribution to the totally observed
polarization response in case of adiabatic electron transfer
by ultrafast vibrational nuclear relaxation can be expected,
in addition to solvent relaxation, limited by the longitudinal
relaxation time. Under these conditions, according to Sumi
and Marcus {3), two stages of the electron transfer reaction,
reflected in two “average survival times", r, and r,, can be
discriminated. In the first stage of the reaction, ultrafast
electron transfer, initiated by nuclear motion, occurs on a
time scale of r, in the ensemble consisting of donor-acceptor
pairs, which happens to be surrounded by solvent molecules of
proper orientation at the moment of electronic excitation.
All the remaining donor-acceptor pairs will have to wait until
the solvent polarization assumes a suitable configuration for
electron transfer to occur, thus forming a second ensemble,
characterized by an average survival time, r,, which will be
close the longitudinal relaxation time, ry. For an
"intermediate reaction window", Aj/Ag = 1, at AG*/kT = 1 and
f;, = 5 ps, wae obtain r, = 0.10 ps 7, = 1.0 ps with the
equilibrium electron transfer rate constant, kg = 2x1014 g-1
This is in good agreement with the present tentative two-
exponential analysis with lifetimes r = 0.1 ps and r = 2.4 ps
for NB/DMA.

We estimated r; = 5 ps for A and DMA, in analogy to other
monosubstituted benzenes: f, = 4.2 ps for chloxobenzene, 5.7
ps for benzonitrile, and 7.4 ps for bromobenzene. A
comparison of the above longitudinal relaxation times with the
present fluorescence decay time indicates that the electron
transfer is faster than the solvent relaxation time in the
present case by approximately 50 times.




W Mg

PERIR PR A B b

0-90

Fig. 3. Plot of rate constant

of electron transfer vs, energy
gap between donor and acceptor.
The solid line is a f£it according
to a quantum mechanical theory
of slectron transfer (see text).
AN and AN depict forward and
backward electron transfer,
respectively. The inset shows an
energy level diagram.
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(2) Non~adiabatic Model.: Figure 3 shows a
semilogarithmic plot of rate constant of electron transfer
against free-~energy, the solid line is a best fit according
to Jortner’s quantum mechanical formula [4) for the medium
temperature range (hwg << kT << hw) of non-adiabatic electron
transfer, with coupling strength § = 1.8, quantum mode hw =
1400 cm™*, relectron exchange matrix element V = 0.035 eV, and
solvent reorientation energy Ay = 0.3 eV. The inset in Fig, 3
shows the energy levels of present donor/acceptor systems,
obtained from the application of non-adiabatic theory.

Conelusion

Ultrafast nonexponential fluorescence decays ascribed to
intermolecular electron transfer is observed for nile blue in
electron~-donating solvent systems with a femtosecond
laser/fluorescence up=-convarsion system. In N,N-
dimethylaniline the decay is dominated by a lifetime as short
as 100 fs, the process being up to 50 times faster than the
solvent longitudinal relaxation. 1In this case electron
transfer is limited only by ultrafast nuclear relaxation
rather than by solvent reorientation and is thought to occur
in a diffusionless, weakly polar, highly polarizable aromatic
system, Nonadiabatic theory is also applied with physically
reasonable values for both the coupling strength and electron
exchange matrix element. The electron backward reaction was
also studied with a subpicosecond laser flash photolysis
system and the energy gap law was examined.
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TARGETING OF PHOTOCHEMICAL REACTIONS TO SPECIFIC SEQUENCES
IN NUCLEIC ACIDS

Claude HELENE '
Laboraloire de Biophysique, Muséum National d'llistoire Naturelle
INSERM U201, CNRS UA 481
43, rue Cuvier, 75005 Paris

Résumé : Des pholosensibilisalehrs variés ont é1é lié de facon covalente & des
oligonucléotides. L'oligonucléotide se fixe sélectivement sur une séquence
complémentaire dans un acide nucléique en simple hélice ou dans le grand
sillon de la double hélice d'ADN en formant localement une triple hélice, P’ar
irradiation des complexes formés, des réactions pholosensibilisées (pontage
covalent, coupure, photooxydation) sont induites dans I'acide nuciéique cible au
niveau de la séquence reconnue par I'oligonucléotide. Les propriéiés des
conjugés oligonucléotide-photosensibilisateur ouvrent de nouvelles perspectives
en biologie moléculaire et cellulaire, notamment pour le contrdle selectif du
I'expression des génes.

Nucleic acids play a central role in all living cells : the double helix of DNA
conlains all genetic information ; transcription of DNA inlo messenger RNAS
followed by translation of mRNAs into proteins are key steps in gene expression,
Nucleic acids absorb radiations in the ultraviolet range (below 300 nm).
Irradiation of nucleic acids induces different types of photochemical reactions
leading to the formation of a large number of photoproducts (1), Photosensitizers
have been used either to selectively create one of these UV-induced
photoproducts or to generate new photochemical reactions (), In all cases there is
no sequence specificity except for the selectivity of the photochemical reaction
itself : for example, UV-induced pyrimidine dimers involve cyclobutane ring
formation between adjacent pyrimidine bases on the same strand of double-
stranded DNA.

In order to target specific photochemical rcactions to defined sequences we
have designed bifunctional nucleic acid ligands which contain an
oligonucleotide, which recognizes a specific sequence on either single-stranded or
double-stranded nucleic acids, and a photosensitizer, which induces
photochemical reactions at the site where the oligonucleotide is bound (). These
oligonucleotide-photosensitizer conjugates can be used as tools to investigate
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the selectivity of oligonucleotide binding, as arlificial nucleases and as sequence-
specific gene inhibitors.

Pholo-induced _cross-linking. Azido derivatives, such as azidophenacyl 3 and

azidoproflavine (), proflavine (5) and porphyrins (6) have been covalently
attached to either end of short oligonucleotides. When the oligonucleotide binds
to a complementary sequence irradiation in the UV or visible range induces ;
covalent linkage between the photosensitizer and nucleic acid bases. Some of ;
these pholo-adducts weaken the glycosidic bond and alkaline treatment leads to
cleavage of the phosphodiester backbone. These properties were used to
demonstrate that oligo-a-deoxynucleotides synthetized with the unnatural a-
anomers of nucleotide units bind in a parallel orientation with respect to their
complementary sequence whereas oligo-B-deoxynucleotides synthetized with the :
natural f-anomers bind in an antiparallel orientation 0, 1

Homopyrimidine oligonucleotides can bind to the major groove of double-
helical DNA where they form a local triple helix. Attachment of a
photosensitizer at one end of such oligonucleotides allowed us to determine the
orientation of the third strand in triple helices (4).

Psoralen derivatives can form two adducls with thymine bases in DNA.
These two adducts involve cyclobutane ring formation between the 3,4 and 4',5°
double bonds of psoralen and the 5,6 double bond of each thymine. At §' TpA 3'
sequences this two-photon reaction leads to a cross-link between the two strands
of double-helical DNA. Using a psoralen covalently attached to an
oligonucleotide we have been able to larget this photochemical reaction to
specific sequences of the DNA double helix, as a result of (riple helix

formation ().

, xidation of nuclelc aci s. Some of the photosensilizers described

above (proflavine, porphyrins...) generate singlet oxygen upon visible-ligiut
irradiation (5.6), Singlet oxygen reacts with nucleic acid bases, especially guaninc.
Despite the long lifetime of singlet oxygen a high yield of oxidation is observed at
the site where the photosensitizer is bound. Alkaline treatment induces a
cleavage of the phosphodiester backbone at the level of the photooxidized

nucleotides.

Photo-induced cleavage of nucleic acids. Ellipticine derivatives have been

covalently attached to the 5 or 3'-end of oligonucleotides. When bound to a
complementary sequence UV-irradiation (A>300 nm) induces a cleavage of the
phosphodiester backbone at the site where ecllipticine is largeted by
oligonucleotide binding (8.9), When the target is a DNA double helix, triple helix
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formation leads to a photo-induced cleavage of both strands of DNA (8, This is
the first description of a site-specific photo-induced artificial nuclease.
Conclusjon. Covalent linkage of photosensilizers to synthetic oligonucleotides
has allowed us to target photochemical reactions to specific sequences of nucleic
acids. Both single-stranded and double-stranded DNA can be chosen as targets.
Different photochemical reactions can be induced at specific sites on nucleic acids.
These sequence-targeted photochemical reactions have various interests : i) they
can be used as tools to investigate the nature of base-specific photochemical
reactions or to obtain information on the local structure of nucleic acids ; ii)
photo-induced cleavage at specific sites opens the possibility of developing
sequence-specific artificial nucleases ; they can be used ,e.g., o map genes on long
chromosomes by cleaving at a limited number of siles with appropriately chosen
target sequences ; iii) photochemical modifications of DNA in living cells are
recognized by repair enzymes which either correct the defect or introduce
erroneous bases ; therefore site-directed mutations can be introduced within the
DNA of living cells by oligonucleotide-photosensitizer conjugates : iv) sequence-
specific modifications of nucleic acid bases can be used to block gene expression
either at the transcriptional or translational level : cross-linking of an
oligonucleotide to a single-stranded mRNA or lo the DNA double helix is
expected to arrest mRNA translation or DNA transcription and replication. The
target can be a cellular gene ; allernatively a viral or a parasite genome can be
selected as a target. The selectivity of oligonucleotide binding is such that it is
possible to block the expression of a single gene within a living cell.
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LASER PHOTOCHEMISTRY OF WATER AND NUCLLKIC ACID COMPONENTS
David N.Nikogosyau
Ingtitute of Spectroscopy, USSR Academy of Sceiences,

Troitzk, Moscow Region, 142092, USLR

This report is a brief review of main results on two-quen-
tum photochemistry of nucleic acid components ( NAC ) in water
solution obtained in the Institute of Spectroscopy, USSR Acade-
my of Sciences during last twelve years.

The first experiments Y on high-intensity laser UV irra-
diation ( I = 10"5W/m2 Tp= 29ps, A = 266mm ) of thymine in wa-
texr solution (¢ = 10 mol/dm5 ) have demonstrated that at
least some of photoproducts at picosecond UV irradiation are
formed by two-quantum ( two-step ) mechanism with the quantum
yield being two orders of magnitude higher than the total quan-
tum yield of single-quantum photoreactions of thymine dimeriza-
tion end hydration. As the energy of two light quanta with A =
= 266nm is much higher than the ionization limit of all NAC mo-
lecules (~ 5-6eV ) 2), after sequential two-quantum abgorption
they should be effectively iopized. It is easy to show(z), that
under picosecond UV irradiation of NAC molecules two-step exci-
tation is realized via singlet channel ( S =» S,-» Sy ) rather
than via triplet channel ( So-> S~ T1-> T ).

When measuring the photoconductivity or neutral NAC aqueous
solution at different concentrations under picosecond UV irra=-
diation we discoverecd 5 that the photocurrent pulse oscillograa
at sufficient dilution of the irradiated solution ( ¢ <10 5mol/
/dm ) does not differ from the photocurrent pulse oscillosram
attained at high-~intensity pi.cosecond UV irradiation of pure
liquid water. From this it is folluws that high-intensity pico-
second UV irradiation of liquid water gives rise to charged
particles. We showed 4 that the photocurrent pulse amplitude
was a quadratic function of irrediation intensity. The amount
of absorbed energy was squarely dependent on intensity, too.
From this it is trnspires that the two-photon mechanism is res-
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ponsible for the formation of photocurrent. The two-photon
ahsorption coefficient of pure liquid water at A = 266nm is
10~12/4(5)

Having absorbed two light quanta with A= 266nm a water
molecule acquires energy of 9.3eV. The ionization and dissociu-
tion limits of liquid water ( B, = 6.5eV, Ey, . = 5ev )(®) in
this case are considerably exceeded which should lesd to ioni-
zation and dissociation of water molecules. Using the method
of picosecond flash photolysis we proved the effect of two-pho-
ton water ionization under high-intensity UV laser excitation
(Ia 5-1013W/m2,1h- 29ps, A = 266nm )(5). The passage of an
exciting laser UV pulse through a 0.2cm layer of water was
found to induce an absorption bsnd with .a moximum in the red
region near 7 = 720nm, which coincided well in shape with the
literature spectrum of hydrated electron, The quantum yield of
e; formation which corresponded to the quantum yield of two~
-photon ionization at A = 266nm was 0.15 : 0.02(5 . The quantum
yield of two-photon water dissociastion at 7 = 266nm was 0,13
2 0.07(%),

We proved the participation of two-photon water photolysis
products in the decomposition of NAC molecules in aqueous solu-
tion under picosecond laser UV irradiation ( 7 = 266mm, I «
= 6-1013W/m2, Tp = 20ps )(3). The experiment involved thymine
solutions with different concentrations ( from 10~3 to 4.10°°
mol/dm’ ) but with the same optical density ( D = 1.6 ), i.e,
the same number of thymine molecules was irradiated in each
case, the number of water molecules varying. If water had not
ahsorbed UV radiation enerpgy, the photolysis quantum yield
would have been independent of thymine solution concentration.
On the other hand, if water hnd nbsorbed some incident energy
of UV radintion with wnler photolysin products not porticipa-
ting in thymine decomposition, the quantum yield would have
decreased with concentration., The increase in photolysis quan-
tum yield observed ns the concentration of solution was de-
creased, indicates unambiguously that the products of two-pho-
ton water photolysis take part in thymine photodecomposition
under picosecond laser UV irradintion.

After thot we investiﬁntcd(6) primary photoprocesses from
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highly-cxcited SN levels of thymine molecule populated by
means of two-quantum ( two~step ) obsorption. Simple calcula-
tions show that when using sufficiently concentrated agueous
NAC solution ( ¢~ 10'3m01./dna ) the incident energy of pico-
second UV laser pulse is absorbed principally by solute mole=-
cules and therefore tlhie effect of two-phioton water photolysis
can be excluded. Nevertheless it wos domonstrated that even in
this case water radicals formed sgain, but by another mechanism
nsmely by intermolecular energy transfer from highly-excited
SN levels of thymine moleculs to water with its subsequent
ionigation and dissociation. The probability of such energy
transfer for thymine molecule is sbout 6.5%, whereas the pro-
bability of thymine ionization fiom SN levels measured after
geminate recombination is about Q. 7% The geminate recombina-
tion time for Thy - °aq pair is 4 & 2ps.

It was shc»wn(6 that in concentrated thymine aqueous s0lu~
tion most of products formed under picosecond UV irradiation
are due to chemical reactions between water radicals and unex~
cited solute molecules, It is clear that in the case of pico-
second UV photolysis of a diluted thymine aqueous solution when
the laser radiation is absorbed directly by the water molecules
via two-photon mechanism the ghotolysis quontum yield should
increase. In the exper;ment we observed 5-~fold increase of
photolysis quantum yield when changing concentration from
1.5¢10°> to 310 ’mol/dm’.

Using the method of thin-layer two-dimensional chromato- )
graphy we managed to compare the products of )’-rndiolysis and ;
picosecond laser UV photolysis of thymine both in concentrated
and diluted aqueous solution 7 . Despite a qualitative diffe~
rence between the mechanisms of two-quantum laser UV photolysis
and X’-radzolysis in all the cases the products formed were al-
most the same, This fact supports the dominant role of water s
radicals in the formation of the products of two-quantum laser
IV photolysis of NAC molecules in aqueous solution.

Using IPLC method we isolated and identified®? & main
products of picosecond UV photolysis ( ] = 266nnm, Tp= 23ps, 1 =
" 1013 1 \v/m2 ) of uridine in water solution: four single-
-quantum products - two hydrates and two dimers, and two two~
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~quantum products, including uracil formed as a result of N.
~glycosidic bond scission., The experiments showed that with
the increasing UV irradiation intensity the quantum yields of
two~-quantum products grew while those of single~quantum drop-
ped,

Now we started experiments on two-quantum photochemistry
of amino aoids(9>.
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A NEW VIEW ON THE TROPOSPHERIC OZONE CIEMISTRY
Karl 11, Becker

Bergische Universitlit-GH Wuppertal, Fachbereich Y-Physikalische Chemie, Gaufstr. 20,
5600 Wuppert 1, FRG

The photooxidunt chemistry plays a key role in understanding all oxidation processes in the
natural us well as the polluted atmosphiere, During recent years great progress can be seen
in the determination of kinetic parnmeters which form the data base for the model descripti-
on of the oxidation processes. Typical oxidant components are Hy04, hydroperoxides,
nicohols and organic acids in the regions of low NO, concentrations and ozone, peroxyni-
trates, aldehydes, ketones and nitric acid in regions of high NO, concentrations, The type
and rate of oxidunt formation depends critically on the IROGJINO,]) concentration ratio,
ROG: Reactive Orgunic Guses. During nighttime the reactions of NO; initinte a significant
production of alkoxy- and peroxy-type rudicals eventually leading 10 organic nitrates.
Further reactions of NO3 with peroxy radicals produce Oli radicals which initiate an oxi-
dation chain similar to that during daytime. During daytime the radical chain,

No, o NO,
Olt ~ RO, ~}=R0 — aldehyds + 10, Ot
NO NO

is characteristic for the ROG oxidation processes. Every NO which is oxidized to NO, by
RO, and 1104 will produce an ozone molecule in sunlight,

Today also biogenic hydrocarbons are considered as important precursors for O3 formation
in the presence of sufficient NOy. At NOy concentrations below a certain imit ROG docs
not lead to ozone production but to its destruction, t is a matter of speculation whether the
global troposphere is changing more to the side of ozone destruction with lower OH con-
centrations or (o production with higher background ozone, the situntion is probubly deve-
loping differemly the two hemispheres,

NO3 Radieal Reactions

Itis now cvident that the NO5 radical plays an important role in the nighttime chemistry of
the troposphere. Volatile organic compounds are oxidized at night leading to alkoxy and
peroxy radical formation together with a variety of oxidized products including carbonyl
compounds, peroxyacyl and alkyl nitrates. Reaction of peroxy radicals with NO3 provides
a source of Ol rudicals thus aceelerating the nighttime oxidation of organics. Nitrates for-
mied in the oxidation of organics can uct as temporary rescrvoirs of NO, and are important
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in long-range transport processes. Nitrate radicals provide the only source of nitric acid for-
mation under nighttime conditions cither directly by 11 atom abstraction from organic com-
pounds or via hydrolysis of NyOs formed in the reaction NO3 + NO;.

” .() I3 H v 3

Due to their high reactivity and concentrition levels O radicals are the dominant oxidants
of volatile organic compounds in the duytime troposphere. ‘This applics to atl saturated hy-
drocarbons, to wromatics and to most alkencs. For partially oxidized hydrocarbons such as
ketones, as well as for nitrates and nitrites, which hive appreciable absorptions in the acti-
nic spectral region, photolytic degradation may dominate the rate of removal of these com-
pounds in the troposphere.

The data base of OH reaction rate constants and hence for estimating lifetimes of ROG with
primary degradution mechanisms by OH radical reactions is generally well established,
However, significant gaps remain in the understanding of how the Of1 initiatedd ROG oxi-
dation chain influcnces the net NO to NO, conversion, and hence the O3 formation, as well
as the storage and transport of NO, via the formation of organic Noy species. Whereas for
alkanes and alkencs this information is slowly forthcoming by detuiled mechanistic studies
of the products of the Ol initiated oxidution chains, substantial gaps still remain in the oxi-
dation of aromatics. For these compounds essentiatly no studies have as yet been performed

on the reactions of any of the expected oxidation intermediites.

D enclio o0 adicals

Organic peroxy radicals are well known key intermediates in the atmospheric oxidation of
organic compounds. Their reactions with NO and NO3 are propagating steps in the oxi-
dation chains of hydrocarbons, while reactions with NO,, 1O aud, in hydrocarbon rich
reniote atmospheres, with other peroxy radicals, are generally terminating steps which
greatly influence the ozone budget in the troposphere. Beside ozone, peroxy radical reac-
tions also produce alcohols, aldehydes, organic acids, organic nitrates and reservoir species
such as hydroperoxides or peroxynitratces.

Given the importance of peroxy radicals, o large budy of research has been devoled to the
studies of their kinetics and mechanisms in recent years; this has resulted in important -
vances in our understanding of the role of these reactions in tropospheric chemistry, ‘The
. principal results concern: (i) the development of powerful techniques for the investigation
of peroxy radicals, (ii) the determination of UV spectra and absolute absorption cross secti-
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ons for several species and (iii) the investigation of the kinetics and mechamisims (reaction
products and branching ratios) for self and cross reactions of peroxy radicals and for their
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reactions with the nitrogen oxides NO, NO7 and NO3. Relinble data are now available for
the simple radiculs and the investigations are being extended to more complex specics with
the expectation of a general understanding of the reactivity of peroxy radicals.

Resctions of RO Rugical

Reactions of atkoxy radicals, RO, represent special cascs in the oxidation chain of hydro-
carbons in that they determine the nature of the stable products. Short chain RO mdicals

(< Cy) react exclusively with Oy by abstraction of the -1 atom 1o form aldehydes. Larger
RO radicals tend to be thermally instable and to react by C-C split or by isomerization,
Although the direct interaction of RO with NOy is apparently unimportant, the reaction be-
havior of RO has important consequences for the NO/NOy conversion and hence on the
ozone formation. The reaction of short chain alkoxy radicals with O leads to an aldchyde
and HO,, whereas isomerization and/or C-C bond cleavage of longer chain RO radicals
creutes further alkyl radicals and additional NO / NO, conversion.

Absorption Cross Secti 10 Yield

Photochemical processes play a criticat role in the chemistry of the atmosphere, since they
control the production of reactive radicals duting daytime which initiate chemical transfor-
mation of many trace compounds. Photodissociation of atmospheric species occurs by ab-
sorption of solar ultraviolet and visible radiation, The photochemical processes are control-
led by the strength and shape of the absorption spectrum and by the quantum yiclds of the
various product channels. Accurate photolysis parameters are nceded for model caiculati-
ons of primary photochemical transformation processes occurring in the atmosphere.

Reactions of O
Recent work on the ozonolysis of alkenes has shown that an intermediite of the primary re-
action sicp, probably the biradical, leads directly to the formation of hydrogen peroxide in

the presence of water vapor, This new 1190 source scems (o contribute significantly to the
1703 built-up in forest areas.

In u short overview new results on the photooxidant chemistry will be discussed and their
implications in the atmospheric cnvironment will be outlined,
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KINETICS AND MECHANISM OF PEROXY RADICAL REACTIONS OF INTEREST
IN ATMOSPHERIC CHEMISTRY,

Robert LescLaux, P.D. LigirrrooT and B. Veyrer

Université de Bordcaux I - 33405 Talence - France

‘The tropospheric chemistry is dominated by the oxidation processes of hydrocarbons,
in interaction with nitrogen oxides. The result of this chemistry is the production of ozone
and other oxidant molecules in polluted areas while organic acids, alcohols and other
oxidized molecules are produced in remole areas, The sources of hydrocarbons are organic
fuels, widely used in urban and industrial zones and the vegetation, particularly forests,
which produce various molecules such as isoprene, terpenes, etc ...

Generally, the first step of oxidation of any hydrocarbon is hydrogen abstraction by
OH radicals, or addition to unsaturated compounds, producing an alkyl or an hydroxyalky!
radical which is rapidly converted into a peroxy radical by combination with oxygen :

RH -eeee > n-—f-'z--> RO m

The type of products that result from the oxidation of hydrocarbons depends mostly
on the way the RO radicals react, In the presence of nitrogen oxides, the main process is
the reaction with NO, resuiting in a chain reaction producing ozone ;

RO + NO —> RO + NO3 )

The photolysis of NO32 produces O3 and the alkoxy radical RO is a chain carrier. An
important termination step is the reaction of RO with NO3, forming a peroxynitrate :

ROp + NOy + M 72 ROJNO; + M 6))

The kinctics of this reaction is very important for determining the yields of ozone,
particularly in the case of acylperoxy radicals RC(0)0O3, which form peroxyacylnitrates
(PAN's), the most stable of the peroxynitrates. These compounds are well known oxidant
molecules in the atmosphere and contribute to the transport of nitrogen oxides over long
distances.

In remote atmospheres, where the concentrations of nitrogen oxides are very low, it
has been shown that peroxy radicals accumulate, since they have a general low reactivity
and that they can react with themselves, including HO;, forming various oxidized
molccules ¢

ROz + HO7 =» ROOH + Oy “)
RO2 + RO =»2 RO + Oy (5a)
—~» ROH + R'CHO (or kelone) (5b)

S e 115

vt et E




T,

s
R

0-108

When R is an acyl radical, formed from an aldehyde, similar reactions produce
organic acids and peracids, Large amounts of such compounds have been found over
tropical forests,

This short review of peroxy radical reactions in the atmosphere shows that the
knowledge of the kinclics and mechanisms of these reactions are essential for modelling the
atmosphicric oxidation of hydrocarbons and consequently the formation of ozone and other
oxidized molecuies. In this paper, we present an overview of some kinctic and mechanistic
studies that we have performed in our laboratory, in celfaboration with other Iaboratorics in
Europe, mainly (he Max Planck Institute in Mainz « Germany (Moortgat), Harwell
Laboratorics - U.K (Cox, Hayman), Ford Molor Cic - USA (Wallinglon) and the
University of Wuppertal - Germany (Zabel), The delcrmination of reaction mechanisins
generally nceds an investigation of reactions over a wide range of temperature and therefore
we have extended our studics from atmospheric temperatures up to 600-700 K,

Experimental

All reaction kinctics were studicd by flash photolysis and UV absorption delcclion of
peroxy radicals, The spectra of radicals and absolute cross scctions were determined
accuralciy between 200 and 300 nm for cach radical, so that complex kinctics could be
analysed by computer simulation of decay traces recorded at scveral wavelengths,

Radicals were normally generated by phololysis of molccular chlorine, which forms
chlorine aloms, in the presence of an appropriate precursor

Cl + Clly ~~>HC + CHy ~2-> CH30

Cl + CH3OH ~=> HCl + Cl,0H -22-> CH0 + HO,

‘The dircct photolysis of oxygen producing oxygen atoms, has also been used at high
tempcralures,

ROz + 110) reactions

Reactions of RO, radicals wilh HOj are important, due to the fairly high
concentration of HO2 in the atmosphere. In addition they arc gencrally fast and arc
thercfore important terminating reactions. After the self reaction of HO3, now well
understood, we have investigaled the reactions of CH307 and CH3C(0)03 in detail,

The raie constant of reaction (6)

CH302 + HO; —> CH300H + 03 ©

was measured from 248 to 718 K. The rate constant exhibits a fairly strong ncgative
temperature coclficicnt which can be describe with an Arrhenius expression over the whole
temperature range :

TR SRR R s




0-109

ke/emImolecule !s™! = (2.9 1 0.3) x 10713 exp(860K/T) (with kgg = 5.2 x 10°12)

This expression reflects a reactic: mechanism {nvolving an intermediate stable
complex, No change in the mechanism was observed at high temperature, unlike for the scif
reaction of 11Oy, for which a direct hydrogen atom transfer takes place above 700 K,

The reaction of the acely! peroxy radical CH3C(0)0O2 with HO2 was shown to be an
important process forming organic acids and peracids, particularly in the atmospheres of
tropical forests.

CH3C(0)0; + 1107 —» CI13C(0)O0H + 09 (72)
-» CH3COOH + O3 (7b)

The kinetics and branching ratios of this reaction have been investigated in detail, The
reaction is fast ; kpog '= 1.4 x 10-1 em3molecute-!s*! and the branching ratio forming
ozone equals 0,33 + 0.05. This channcl forming ozone seems 1o be a general process for
acyl peroxy radicals, since it was shown that the equivalent reaction of the
CH3CH,C(0)0; radical also forms ozone with a similar branching ratio,

A few other exemples show that all reactions between RO3 radicals and HO» are fast,
around 10-1! em3molecute !s"! and that the main product is the hydroperoxide, thus
confirming the important terminating role of these reactions in atmospheric chemistry,

RO) + RO reactions

Since RO7 radical concentrations in the atmosphere are generally fower than those of
HO3, reactions of this type are normally less important than reactions of RO with HO5,
They can play, however, a significant role in clean atmosphere conlaining high
concentrations of natural hydrocarbons and they are important in the ignition of
hydrocarbon combustion,

The reaction of methylperoxy radicals can be considered as the model for this type of
reaction. It is now well described in the literature ¢

CH107 4 Cl307 ~—» 2CHA0 + Oy (8a)
—> ClI30H + 1150 + 07 (8b)

kg/cm?‘mulcculc'ls'l =(1.040.1)x 10-13 exp (420 K/T) (with k98 = 4.0 x lO’B),
from 248 to 700 K,

The important point is that the terminaling molecular channel (8b) is the most
important at atmospheric temperatures (75-80 %) while the propagating channel (8a) is
preponderent at ignition temperatures (700-800 K). This behaviour scems general for other
similar reactions of primary or secondary peroxy radicals.

Recent resulls will be presented for neopenty! peroxy and cyclohexyl peroxy radicals.
In the last case, the reaction is very slow, conflirming the presence of a posilive aclivation
energy for the self reactions of secondary atky!l peroxy radicals. It will also be shown from
these new results, how our kinetic studics, complemented by end-product analysis, can
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bring intormation on the way the conesponding alhoxy radicals react under atmospheric
conditions, The neopentoxy radical readily dissociates into -buty} sadical and formaldehyde
while ring-opening of the cyclohexoxy radical competes with reaction with oxygen.

If primary and secondary alky!l peroxy radicals seem to react in a similar fashion to
the model sclf-reaction of CH303, only the propagating channel is scen to oceur in the case
of fully halogenated radicals. Kinctic studies hiave shown that this is the case for CCl307
and Cl'3CCl207 radicals.

Reaction of ROy With NO

We have cimphasized above that these reactions are imputtant terminating reactions in
the hydrocarbon oxidation chains forming ozone, particularly in the case of acyl peroxy
radicals. A complete description of the reaction :

Cl3C(0)02 + NOz + M 32 CH3C(O)0aNO, + M )

has been perforied in our laboratory for the forward reaction, in collaboration with Zabel
in Wuppertal - Germany, who investigated the reverse reaction, Rate constants, cquilibrium
constants and (hermochemical data have been obtained over wide ranges of pressure and
temperatures. ‘The results confirm the stability of PAN (peroxyacctylnitrale) and show that
its formation is faster than previously cvaluated. This makes this reaction one of the key
reactions to which modelling of the vzone formation in troposphere is very sensitive,
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ELIMINATION OF ORGANIC MICROPOLLUTANTS
BY SEMICONDUCTOR-PHOTOSENSITIZED TREATMENT OF WATER
Plerre Pichat

URA au CNRS “Photocatalyse, Catalyse et Environnement”,
Ecole Centrale de Lyon, BP 163, 69131 Ecully Cédex (France)

Growing concern about our environment and a greater awareness of
the risks have gencrated and will generate increasingly tighter
regulations, Consequently, not only the Improvement of existing
technologies, but also the discovery and testing of new possibilities are
expected from the sclentists. In particular, concemning water treatment,
alternatives to the existing processes, which all have disadvantages and
cannot solve all problems, should be explored.

Semiconductor-photosensitized destruction of water microorganic
poliutants has recently appeared as a promising prospect(1.2), It i3 based
on the production of strongly oxidising specles at the surface of the
appropriately illuminated semiconductor in the presence of dissolved
dioxygen (air) and liquid water.

Principle. The basic phenomenon is the optical excitation of electrons
from the valence band to the conduction band of the semiconductor.
The nature of the resulting chemical species is still debated. It is
generally admitted that the excited electrons are-captured by O2
yielding 0, species. However, the cations present in the medium can

also intervene. The superoxide fons can then react with hydroxonium
fons forming HOZz radicals.In principle the valence band holes can

interact directly with the organic pollutant or they can readily generate
OH® radicals by being captured by surface/adsorbed OH groups or
adsorbed water molecules. In fact, these latter interactions occur within
a few picoseconds so that it seems difficult to discriminate between
reactions involving trapped holes and OH® radicals(®). In addition, various
oxidising species can be fnvolved at different stages of the photocatalytic
degradation process.
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Photocatalysts., Various powdered semiconductor oxide samples have
been examined for the elimination of different organic pollutants in
several research groups. As expected, the effect depends not only on the
chemical nature of the semiconductor, but also on the identity of the
sample. Until now, no sample of a semiconductor oxide has been found
mere active than certaln anatase specimens. Therefore, current
laboratotry studies employ this oxide which, in addition, is non-toxic,
stable and inexpensive, For laboratory studies the particulate form is
generally preferred ; colloids are also used, especially for the
spectroscopic techniques that cannot be employed with powders,
Attempts are also made to anchor titanium dioxide on an immobile
support or to prepare beads in order to avoid filtration(1.2), Further work
is needed to determine which parameters affect the efficiency of TiOs :
this Is important to reduce the duration of the water treatment and
therefore the consumption of electrical energy which is the dominant
cost according to simulations(l),

Pollutants. The photocatalytic degradation of many classes of organic
chemicals has been studied either in great detail or within the
framework of systematic investigations based on one feature only, such
as the initial rate of the pollutant disappearance or the initial rate of CO2
formation or the time required for the total elimination of the pollutant.
Both aliphatic and aromatic compounds with a variety of substituents
have been considered, Complex molecules used as pesticides, dyes or
surfactants have also been examined(1:2), The results show that all the
organic micropollutants are destroyed. Most of them can be totally
mineralized. Atrazine (substituted triazine) constitutes the only reported
exception ; this herbicide ylelds trihydroxytriazine which is innocuous
and very stable irrespective of the oxidation method(4),

Some features of the TI03 - photosensitized method of destroying
organic micropollutants in water will principally be illustrated in this
lecture by studies carried out in the author's group(®) and dealing with
aromatics, viz. chlorophenols, 2,4 - dichlorophenoxyacetic acid,
benzamide, nitrobenzene and dimethoxybenzencs.

Comparison with direct photolysis, At A > 290 nm, the disappearance of
all these chemicals is much faster in aerated aqueous TIO2 suspensions
than under the same conditions without Ti09. Furthermore, the
comparison of the sums of the maximum concentrations in the main
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organic intermediates also indicates that direct photolysis is much less
efficient in degrading these intermediates, For all compounds the direct
photolysis is insignificant at A > 340 nm, which allows a clear
discrimination betweei'\"photocdtalyﬁc and photochemical processes to
be made,

Effects of various factors, The initial rate of monochlorophenol
disagpearance as a function of the initial concentration has a
Langmuirian shape and similar data have been collected for a number of
other pollutants, However these variations can also be accounted by
reaction steps that do not involve two kinds of adsorbed active species.
From the practical viewpoint, these results clearly indicate that the
photocatalytic degradation is not inhibited by high pollutant
concentration provided the pollutants do not absorb too much the UV-
radiatfons needed to activate the catalyst.

This also show that quantum ylelds cannot have the significance they
have in photochemistry, since not only it is difficult to make allowance
for the scattering by the solid particles, but also the values depend on
the pollutant concentration. At A = 365 nm, for pollutant concentrations
close to 0.15 mM and TiO3 Degussa P-25, quantum yields in the range
5 x 103 to 5 x 102 were derived from our calculations for the
abovementioned molecules,

The nature and concentation of ions Is of primary importance in .

water decontamination. For {nstance, the treatment of water with given
bacteria can only be applied in a narrow pH range and HCO, lons are

detrimental for the purification by 03 + UV as they quench the OH
radicals. In the case of monochlorophe¢nols and nitrobenzene, our
results have shown that the initial rate of phorocatalytic elimination
does not vary much from pH 3.5 to pH 10. An inhibiting effect of Cl* and
SOE' jons has been observed only at acldic pH (positively charged TiO

surface) and for concentrations much higher than those found in natural
waters.

Intermediates. Degradation pathways. Primary intermediates of the
photocatalytic degradation of all the aromatics studied correspond to
the hydroxylation of the aromatic ring with or without the removal of
the substituent(s). Their maximum concentration were quite low and
they generally disappear within about the same time as the initial
pollutant ; the only exception is that of 2,4 - dichlorophenoxyacetic acid
because of the ease of the cleavage between the aromatic ring and the
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aliphatic chain. The successive degradations were substantiated by
cxperiments dealing with the degradation of some of these
intermediates under the same conditlons. The identification and the
temporal variations of the intermediates allow one to propose
degradation pathways. However a complete scheme including the
aliphatic intermediates en route to CO2 remain to be determined ; very
low concentrations make the analyses quite difficult.
Mineralization. For all types of chlorophenols (and for
monochlorobenzenes as well)(6) complete dechlorination was achieved
within a time not much longer than that needed for dearomatization.
Nitrate ions are the final form of the nitrogen atoms of nitrobenzene and
benzamide (or formamide as well) ; however, the oxidation of the amide
function, In cases where it might be required, is much too slow to be
accomplished entirely be photocatalysis

Total mineralization to CO2 can be attained within a time that
obviously depends on the pollutant for a given concentration, in
particular on the presence of heteroatoms at a low oxidation state.
However, to reach this stage may not be necessary or the technique may
be combined with another treatment to bring the desired resuit,

The method s currently studied at the pilot plant stage in several
companies (ENI, Italy ; NUTECH, Canada) or Institutions (Sandia
National Labs., USA).

(1} D.F. Olls, E, Pelizzettd, N. Serpone in "Photocatalysis®, N. Serpone, E, Pellzzetti,
Eds,; J, Wiley, 1989, pp. 603-637. .

2) R.W. Matthews in "Photochemical Conversion and Storage of Solar Energy”,
E. Pelizzetti, M. Schiavello, Eds. ; Kluwer, 1991, pp. 427-449.

(3) N. Serpone, D. Lawless, R. Terzian, D. Meisel, ACS Sywp. Ser., in press,

{4) E. Pelizzetti, V, Maurino, C, Minero, E. Pramauro, O. Zerbinati, M.L. Tosato,
Environ. Sci. Technol. 1990, 24, 1559,

G} J.-C. D'Oliveira, G. Al-Sayyed, P. Pichat, Environ. Scl Technol., 1990, 24, 1990 ;
J. photochem, Photobiok A : Chem., 1991, 58, 99 : J.-C. D'Oliveira, C. Maillard,
C. Guillard, G, Al-Sayyed, P. Pichat in Proc, Int, Conf. "Innovation, Industrial
Progress and Environent”, M.C.1,, Paris, 1991, pp 421-431,

{6} T. Sehibi, P. Boule, J. Lemaire, J, Photochem. Photoblol., A : Chem., 1989, 50, 103,
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REACTION OF OH WITH a-PINENE AND A-PINENE IN AIR :
ESTIMATE OF GLOBAL CO PRODUCTION FROM
THE ATMOSPHERIC OXIDATION OF TERPENES

Nobuaki Washida and Shiro Hatakeyama

The National Institute for Environmental Studies,
16-2 Onogawa,Tsukuba, 305 Japan

Carbon monoxide ( CO ) plays a major role in controlling
the concentration of OH radicals in the atmosphere. OH radi-
cals are known to be the most important atmospheric trace
species vwhich determine the lifetime of most of the other
atmospheric trace components. Recently, the concentration of
methane is reported to increase rapidly, and the decrease of
the concentration of OH is pointed out as one of the possible
causes for this phenomanon(l).

The 1ncreas§ of CO should be the main cause of the
decrease of OH radicals, Thus it is quite important to esti-
mate the amount of global emission of CO into the atmosphere.

Recently, the emission rate of CO from the oxidation of
natural hydrocarbons was reported to be 250 Tg C yr'1 { about
24 X of total CO-emission, 1 Tg C of CO corresponds to 2.33 Tg
CO ), which is comparable to that from the oxidation of meth-
ane ( 260 Tg C yr"l ~26 % ) and larger than that from fossil
fuel combustion ( 190 Tg ¢ yr~l, ~18 % )(2),

Monoterpene are among the most important natural hydro-
carbons, and their atmospheric reactions play an essential
part in the global carbon cycle. The global emission rates of
terpenes were estimated to be 175-830 Tg yr'l(a). which exceed
the emission rates of anthropogenic hydrocarbons: 85-75 Tg
yr‘l("s). However, only very limited information 1is avail-
able so far on the formation of CO from the photooxidation of
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terpenes. Hanst et al.(8) ogtimated the yield of CO from the
oxidation of terpenes be use of Cl atoms in place of OH radi-
cals. Recently, we reportod(” the estimate of the ultimate
yield of CO from the oxidation of terpenes initiated by ozone,
and the gross annual emission of CO with respect to the ozone-
terpene reactions was estimated to be 74 Tg C yr"l. In oreder
to obtain a more complete estimate of CO emission the yield of
CO from the oxidation of terpenes initiated by OH radicals is
needed, since terpenes are consumed by both the ozone and the
OH reactions in the atmospherae.

In the work reported here the reactions of pinenes with
OH radicals were investigated to obtain the yield of gaseous
and particulate products and to estimate tlie gross annual
production of CO from the atmospheric oxidation of terpenes
initiated by OH radicals.

A 8-m3 chamber was used for the analyses of gasevuus
products. The chamber is an evacuable and'bakable one, and
its inner surface is coated with PFA. The solar simulator and
thg end windows to introduce UV light were modified in order
to utilize shorter wavelength light for the effective photoly-
sis of Hy,0, as a NO,~free source of OH radicals.

Reactants and products were mainly analyzed by means of
long-path Fourior transform infrared spectroscopy ( FT-IR )
( Block Engineering-JASCQ International, FTS-496S; path
length; 221.6m, resolution: 1 cm‘l, scan times: 64 or 128,
~2.6 or ~5 min, respectively ) wutilizing multireflection
mirrors installed in the chamber.

Two types of experiments were done in this chamber.
First experiments were made to elucidate the raéaction mecha-
nism in the presence of NO,. In this study, photolysis of
CD,ONO with Pyrex filters was used as a source of OD radicals,
Initial concentrations of pinenes were ~0.7ppm. CDzONO was
varied from 0.5 to 2 ppm.
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Second experiments were carried out to check the effect
of NO, on the yield of the main products observed in the first
experiments. Photolysis of 1,0, was used as NO, free OH
source. Initial concentrations were ~2.6 and ~1 ppm for pi-
nenes and ~8 and ~18 ppm for H,0,.

Major process of the reaction of OH+a-pinene is shown in
Scheme I. 1In the presence of NO the main produca was pinon-
aldehyde and 6,8-dimethyl-bicyclo(3.1.1] heptan-2-one from a-
and B—ﬁinene. respectively, and the yield wes 568%4 and 708 %,
respectively. In the absence of NO the yield was remarkably
lower, and the yield of organic aerosols was enhanced. For a-
pinene 6643 X was obtained as a yield of aerosols on the

| carbon number basis. Gross annual emisaion of CO from the
reactions of OH with terpenes was estimated to be 22 Tg C yr~!
( 50 Tg CO yr"1 ) by regarding a-pinene as the representative
of terpenes, on the basis of the annual emission rate of
terpenes, estimated lifetime of pinenes in the atmosphere, the
apparent rate constant for the intermediate to form CO, and
the estimated yield of CO from the secondary oxidation of
pinonaldehyde. The ultimate yield of CO from the tropospheric

oxidation of terpenes ( including both ozone and OH reactions
) was estimated to be 20 X on the carbon number basis, and the
total annual emission of CO was evaluated to be 98 Tg C yr"1
( 222 Tg co yr~1 ).

(1) A.M. Thompson, and R.J. Cicerone
J.Qeophys.Res., 91, 10, 853-10, 864, 1088,
(2) ¥World Meterological Organization,Atmospheric ozone 198§

:Assesment of our understanding of the process controlling

its present distribution and change
Rep.16,p.100-108,Global Ozone Res.
and Monit.Proj.,Geneva,Switz., 1088
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(3) P.u.zimmermnn.,R.B‘Chatflnld.d.Ffahmun.P.J.CruLzon.
and P.L.uanst,gggnnanngg*LgLLLLB,070—002.1076.

(4) R.A.Duca..ngg_Angl*ﬂggnhlg..11&.244-273.1970.

(6) E.Roblnaon.nnxg_Ann1¢Qngnhxg.,11&,312-384.1078.

(6) P.L.ﬂnusb..J.W.Spance,nnd E.O,Ednay,
Almog, Environ., 14,1077, 1080, 1000,

(1) S.natnkeynmn..K.Izumi.T.Fukuynmn.nnd i{.Aklmoto.

uﬂﬂhm' 24, 131013"1300240 1080,
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SYNCHROTRON RADIATION AT LURE - APPLICATIONS TO CHEMISTRY

Iréne Nenner

LURE, laboratoire mixte CNRS,CEA et MEN, Université de Par’'s-sud 91405
Orsay cedex, France

and

Département de Recherche sur 1'Etat Condensé, les Atomes et les Molécules,
Service des Photons, Atomes st Molécules, Centre d'Etudes Nucléaires de
Saclay, 91191 Gif sur Yvette cedex, France

Résumé : Les applications développées 4 LURE, en photochimie en phase
gazeuse, grice au rayonnement synchrotron dans l'ultra-violet lointain et
les rayons X mous, sont passées en revue. On montrera 1'interét d'une
source accordable dans 1’'UV sous-vide (E<25 V) et pulsée pour 1l'étude de
la dynsmique de fragmentation d’ions et des réactions ion-molécules, avec
des lons dans des états sélectionnés. On montrera aussi 1'interét
d’utf{liser des photons de plus haute énexgie (E de 30 4 500 eV et plus) en
y associant des méthodes de détection en multicoincidences électron-ions,
pour 1l’étude de la multifragmentation d’'lons positifs multichargés et
explorer les aspects sélectifs de la fragmentation attendus apris
excitation de 1la molécule en couche interne. Enfin, le développament
d'expériences assoclant un laser visible et le rayonnement ultra-violet
lointain, 4 1la spectroscopis photoélectronique sera évoqué dans le contexte
de 1l’étude d’'“état & état® de la photodissociation moléculaire. Les autres
s2tivités de photochimie en phase condensés et dans les agrégats libres
seront briévement mentionnédes ainsi que les perspectives de développement
d’autres thémes, grAce au domaine infra-rouge Llointain du reyonnement
synchrotron et au laser 4 électrons libres duns L’IR.

At the LURE laboratory, the French Synchrotron Radiation Facility,
two storage rings Super ACO and DCI operated respectively. with 0.8 and 1,82
GeV positrons, are dedicated to the use of synchrotron radiation in a wide
wavelength range, continuously from the near ultra-violet to the X-ray
range. Photochemistry applications are essentially concentrated around
Super ACO, who has been especially built for synchrotron use (unlike DCI)
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and is available for users since 1987.

The interest of synchrotron radiation is evidently the tunabllity
in a range hardly accessible to lasers, i.s., far UV and soft X ray range.
In molecular photochemlistry, it is the domain of electronic excitation and
ionization. Up to 30 eV typically, single fonization of valence electrons
is enexgetically accessible ond speclal aspects of fon chemistry and
photodissociation can be studied ; At higher energy, double and multiple
valence lonization channels are open as well as core lonization ones and it
is the domain of high energy photochemistry which has developed only around
SR centers. The following examples, chosen among recent works, will be

reviewed,

Ion dissoclacion and lon-molecule reactions studied with state

selocted ions

The selection of a vibronic state of a singly charged fon is made
by tuning the photon energy at a selected wavelength and by detecting
(near) zero kinetic energy photoelectron, taking advantage of the pulsed
character of synchrotron radiation. Fragmentation of such state-selected
fons and fon-molecule reactions ars performed in d;tcccing the fragment
products with threshold electron - ion coincidence techniques. Examples of
statistical and non statistical processes are the dissociation of CH; and
CHy0CD ions. Ion-moleculs reactions realized with state selected N} and 0;
will show how the cross section depends upon the internal energy of the fon
(electronic, vibrational and spin-orbit).

Fragmentation of core excited molecules : is slte selective

fragmentation tractable 7

The excitation of a core electron into a low lying unoccupied
orbital allows to localise the effect of the photon on a specific bond,
near & specific atomic site of the molecule, under certain conditions. Due
to Auger-like processes, the molecule {s left with one, two or more
positive charges, We will show, on the basis of electron - ion - lon
coincidence decection methods, .which ideally complement conventionsl mass
spectrometry, examples of site selective fragmentation processes in core
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excited N,0 and the importance and the 1limlts of the Coulomb explosion
model, Wa will show the limitacions of site selective dissociation effects
in larger molecules, bhccause of the efficlency of multifragmentation on a

microsecond scale,

Dynamics of photodissociation by pump(laser)-probe(RS) and
electrons spectrosocopy methods.

The high repectition rate of SR in cthe MHz range makes it a
quasi-continuous source and the combination with CW lasers {s ‘ery
favorable. Ws show that pump-probe experiments can be used to study the
dynamics of unimolecular photodissociacion. A CW argon ion laser {s used to
photodissociate a néle*ulo and SR {s used to photoionise all fragments, the
detection of fragment photoslesctrons allows to determine the internal
vibrational energy of the nascent fragments. In the s-tetrazine molecule,
C,N,Hy, which dissociates into three fragments (2HCN + N,) when excited in
the visible, we show that the vibracional distribution of the fragments is
compatible with a direct three body process of the molecule in a transition

state with a particular peometry,
Current and future trends

Other photochemistry applicacions in the far UV range, will be
briefly mentionned, An example is offered by fon and neutral
photodesorption experiments from the surface of molecular solids, Another
is the study of free metallic clusters by photoionization.

We will outline other future developments, oriented by the use of
SR in the far infra-red range, and of the infra-red free electron laser,
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3D MACHINING WITIlI LASERS : POSSIBILITIES AND LIMITS
Jean-Claude André

GdR 0920 “Instrumentation Optique” and GRAPP-DCPR-URA 328 CNRS
ENSIC - INPL - BP 451 - 54001 Nancy Cedex (France)

Possibilités et limites des procédés de réalisation d'objets 3D par laser

Nous présentons un procédé de stéréophotolithographie laser qui tire son origine d'unc
phototransformation induite par laser, résoluc dans I’espace, liquide-solide en particulier qui
permet de réaliser des pitees prototypes. Différentes améliorations au procédé actuellement
comumercialisé scront présentées,

A prototype is usually requircd before mass production. Furthennore, scale'models are of
wide usc by architects and engincers. Until now, these models were made by traditional
techniques, Recently, computer aided machine tooling has become possible and numerical data
which define the shape of the object to be made is available. Ilowever, the tool that makes the
object has 1o follow a path tangent to the surface and interference with adjncent surfaces has to
be avoided. Furthcrmore, the tool wear has to be known in order to construct an object of fine
quality, In order to surmount these difficullics, we have developped, along with othiers, a
process which mukes three dimensional objects by polymerizing a liquid monomer using a lascr
cnergy source. The laser beam can be focused precisely on a liquid so that a liquid / solid
photochemical transforination can be achieved. The advantages over tie traditional technicues
mentioned carlier are that a mould is no longer nccessary, the shape of the object can be totally
arbitrary and the wear of the tool is not needed.

Here, we show how three dimensional objects can be created using computer aided design,
In the current stage, this new technique which has led to very promising results, is limited by
the choice of materials and the traditional CAD has to be thus adapted, Alter discussing briefly
the manufacture of objects by computer aided laser polymerization, the coupling between the
adapted CAD and the choice of materials is shown. The applications of this new technique are
not all known ; however, future progress will depend on the ability of specialists in the ficlds of
materials engincering, photcchemistry and Computer Aided Design to work together,

1f a sufficient amount of photons is absorbed per unit volume, unstable species arc created
and the liquid monomer polymerizes into a solid which is not soluble on the liquid monomer,

A +hv = unstable specics

unstable species + A > non soluble polymers
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‘The above simplified mechanism shows that two main difficultics have to be surmounted : the
local light absorption and the choice of muterials, If these two main difficultics are only partially
mastered, a modification of the Computer Aided Design becomes necessary,

LL_Light absorpti

‘Two excitation techniques have been proposed up to date : multiphotonic absorption and
monophotonic absorption, For now, the second seems more efficient Tor industrial
applications,

The theorctical basis is the Beer-Lambert law. A Jight beaum is incident on z, the
concentration Cy is such that the light absorption during dt produces a polymeriztion of the
monomer between z and 2 + Az, If the beam thickness is 4r, the polymerized voxel volume is

ndr24z,
Successive layers of thickness 4z are made, This is shown qualitatively on figure 1,
Starting from the base which contains s layer of thickness Az, the laser beam is displaced in the
xy plane in order to solidify the z = 0 plane. Afterwards, a new layer of monomer is added and
the process is repeated. An object can be made with just one laser.

The laser beam is guided into the reactor containing the monomer. The guide must be very
loosely attached to the created voxel otherwise deformation or rupture is possible. Several

techniques enabling this exist.
In all monophotonic processcs, the object coordinates stored in the computer are given in

the form z = f{x,y).
L2 Materials
Unless a speciul mechanical property of the object is wanted, the fiquid monomers should
have the following characteristics : rapid reaction rate and lowest possible viscosity in order to
reduce the time nceded per layer and to limit hydrodynamic side effects caused by the guide
displacement, Monomers M having such propertics are mainly in the epoxy or acrylate groups.
Photochemists know well how to start and control the reaction using these species, When a
monomer is polymerized, a volume variation is observed due to the photoreaction. This has
various conscquences. A polymerized voxel which is not sustained and whose density is higher
than that of the liquid, will tend 1o sink 1o the bottom unless held by surface 1ension forees. The
manufactured object can thus have dimensions other than the ones specified. Furthermore, the
object can deform.
In order to remedy these difficulties, materials which do not shrink und with the propestics
mientioned carlier have to be sought, These materials cxist but their viscosity is often too big.
Another solution is to adapt the computer aided design in order to limit memory effects induced

by the polymerization,
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Figure | “ peincipe of the layer by layer space resolved polymerization

The principle consists in polymerizing voxels that are each separated. The volume varistion
of cach element occurs independently and then the interstices scparating the voxels is
polymerized. Since the laser has to be continuously displaced, n galvanometric mirror

conirolled by a computer should be used.

W Bosis of g 1 CAD machi

1L 1. The maching

The monophotonic process described carlicr is split into several sub-systems which are : the
computer system which includes the computer which receives the CAD data from another
system. The computer system adaptes the data to define the optitum laser beam displacement,

- the photochemical reactor

- the laser
- a motor driven optical mechanical unit with several degrees of {reedom which shapes the

light beam and then reflects it into the monomer 1o be polymerized.
- a motor driven system which moves the objeet on the 2 axis,

1L2. CAD sofiware

Inn our case, the objects to be made are solids either full or liollow, Furthermore, great care
must be taken in their manufacture since they are intended to be duplicated. A model is more
realistic if it accounts for a greater number of constraints of the object.

The system configuration must be able to use CAD sofiware which is commercially
available, The interface must be conceived and should ;

- verify that the object can be made

- choose the best manuficturing order

- decompose the object into voxels
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- predict and impede object defonmation

« command the whole process.

We have previously shown that it is not acceptable to create voxels tha are independent of
the partially created object.

As indicated before, the object can be manufactured at z by laser induced polymerization on
the whole or part of the surface. The polymerization time is proportional to 43 for an object of
sizc h and proportional 1o 42 if only the surface is polymerized. It can be advantageous to
polymerize the object only at the surface and in clements which contribute to the rigidity.

After taking the object out of the reactor, it contains liquid monomer, It can be used as such
or a more total polymerization can be obtained in an annex system, One must take into account
that in this latter case, the object can deform due to shrinkage. The definition of the points
where the object must be re-cnforced could be interesting, All these technical difficultics can be
solved by adapting existing CAD software or by choosing carcfully the used materials,

L3, Optical mechai

Carboxylic components are most weil known and the most efficient photochemical reaction
initiators, the absorption spectra is centered on 350 nm, A laser which cmits in this spectral
zone is usuble (He/Cd, Art, etc...). Other compounds for starting the reuction are available in
the visible and the infra-red regions.

When using a z axis displacement to guide the light beam, it is preferable to use platinum
moulted by a computer commanded step by step i»nor, For a systera using the superposition of
layers on the partially realized object, and in order to reduce manufacturc time, it is advised to
usc displacement systems with very small Inertia, for example computer commanded

galvanometric mirrors,
Conclusions

It has been shown above that prototypes can be realized with an adequate CAD using a
liquid monomer ; no mould or machine tooling is necessary, The CAD is complex and even
more so if the object contracts during the solidification process. New materials which contract
less or not at all are being investigated currently,

The CAD codes should, in the future, tuke into account the clamping of the object being
made. In agreement with others we think that photochemical systems which have different
propertics after the beam exposure should allow us 1o use the CAD codes available 1oday. In
order to improve the process, CAD and photopolymer specialists working together would
inevitably rcach that goal rapidly. Even today, o huge demand exists and renders the subject

very attractive,
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Photochemical @~-Clceavage of Kelones as Studied by the Enhancement

Factor of CIDNDP

Tohru Azumi, Tomoml Sakata, and Masahide Terazima

Department of Chemistry, Faculty of Science, Tohoku Universlity,
3

Sendai, Japan

In this paper we try to determine the spin state of the
precursor of the photochemical a-cleavage of ketones such as
dibenzyl ketone (DBK) and t-butylketone(TDK),

A bt AT SN A 2
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from the quantitative analysls of the CIDNP enhancement factor.
We wish to polint out that qualitative analysis of the sign of the
CIDNP polarization alone may sometimes lead to erroneous

conclusion, Let us ifllustrate the problem for DBK as an example,

b
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Figure 1., NMH spectra of DDK al room lemperature
(a)before light irradiation and (b)during the irradiation

under the conditions of Pgyy = Pope = 12.0 M8, T =2 0.60 8,
and vobs s 1.50 8.
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Flgure 1 shows the NMR spectra measured (a)befarc the 1ight
Irradfation and (B)after the tight irradiation, The CfDNP signal
for the benzyl protons of DBK (ihe recombination product) at 3.7
ppm is emissive, and the CIDNP signal for the methylene proton of
dibenzyl (escaped product) at 2.9 ppm is absorptive., By
application of the Kaplein rule, the precursor s predlicted tu be
the triplet state, and this prediclion agrees with the resultls of
numerous studies reported so far. Complication arises, however,
I1f reaction occurs from both triplet and singlet stales. We
should note that the enhancement facltor of CIDNP greatly differs
betlween the singlel precursor and the triplet prerursor.
Sometimes the absolute magnitude of the enhancement factor for
the triplet precursor can be several orders of magnitude larger
than that for singlet precursor. In order to avoid such
misdetermination of the reaction precursor, not only the sign but
also the magnitude of the enhancement factor of CIDNP should be
analyzed with the aid of theoretical values.

Experimental determination of the enhancement factor is,
however, very difficult., First of all, the observed CIDNP
Intensity is affeccled by relaxation and thus this cffeect should
be properly taken into account. Second, in Lhe present DDK
photophysics case, the recombination product is chemically
identical species with the rcactant, and thus the amount of DBK
produced by the recaction is hard to determinec.

In this paper, the first difflcully was overcome by
utilizing the saturalion reccovery pulse sequence,

(Pgai= T - Pobs~ tobs)N,» Proposed by Lawler and Barbara. The
second difffculty was overcome by the lemperature dependence
method to be outlined below, The observable physical quantities
are a)CIDNP intensity 1| of DBK, (b)decrecase of the NMR Intensity
-ale of DBK by the light irradiatfon, and (¢)the consumption rate
constant K of DBK. From kinetic consideration we expect that the
plot of 1/K verses lhe 1/(-01¢) ratio obtained at various
temperatures should become a straight line and the
slope/intercept ratio of this straight Jine can yleld the
enhancement factor E or the Bollzmann poputation corrected
enhancement factor € = (gNUNB/2KTIE. The experimentally obtained

plols are shown tn Figure 2,
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Figure 2. Plot of 1/K verses the 1/(-81,) ratio obtalned
in chloroform-d at various temperatures.

We indced obtained a rather good straight line, and this
observation supports several underlining assumptions made in
developing the above kinetlcs. }

The € value determined from Figure 2 is -2.88 x 10~3. This i
value does not depend on the concentration of DBK In the 0.01 -
0.06 M range.

In order to analyze the experimentally obtained enhancement
factor, € values were calculated theoretically based on the
theory of Pedersen and Freed, The theoretical value for the
triplet precursor €71 is -0.2237., On the other hand, the
theoretical value for the singletl precursor £g is a very small
positive value. (€575.5x10"4 al 270C,(€g=3.756x10"4 at -40°C,)

In the course of the above kine\lcs, ve are aizo able to
obtain the quantum yield of the recombination (¢§ o) of DBK after
the photocleavage reaction. The results are shown in Table 1.
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Table 1, Temperature dependence of the quantum yield of the
recombination (¢ o) of DBK after the photoclcavage reaction.

Temp., | L 2

- 40 9cC, 0.508
- 20 °C, 0.422
0 °c, 0,381

27 OocC. 0.283

Although the gqualitative features (the emissive polarization
and temperature independence of €) suggests that the precursor of
the photocleavage of DBK {s the triplet state, the quantllatlyeq,
analyses of the experimental results encounters difficulties in

First difficultly is a great discrepancy between the

two points.
The calculated &

observed and the calculated enhancement factlor.
valjue for the triplet precursor is two orders magnitude as lar%e

as the experimental value (-2.88X 10°3). The second difficutty’

is that the yield of cage product (¢ o) exceeds 1/3 below 0 °C,
(Table 1), Since the pholtoreaction occurs in the high maxnet\c;
fleld (2.349T), only the Tg state of the radical palr can mix?®"™
with the S state. [In such a case, ¢ , for the triplet precursor
should be less than 1/3. We might be able to conceive of the
following five possibilities for the origin of the discrepancies
between Lhe experimental results and theoret{cal expectation- in €
and ¢ o, a) Participation of the spin-lattice relaxation of
individual radical which composes the radical pair, b)
participation of the spin-orbit coupling (S0C) in the radical
pair state, c) regeneration of DBK from free radicals, d)
Overhauser effect, and c¢) partlicipation of the singlet precursor.
Having examined these five possibilitles very carefully, we
have finally reached the conclusion that the possibility e) is
most likely., From the examination of the data, we conclude that
near'y 80 X of the reanclion lnkes place from singlet exclted

gtate. This conclusicn was also supported by the tripiet

gsensitizer experimenis,
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Chemical and Enzymatic Triggering of Chemiluminescent 1,2-Dioxetanes:
Application to Ultrasensitive Biologlcal Assays

A, Paul Schaap*, Hashem Akhavan-Tafli, Renuka DeSilva,
Robert A. Eickholi, Mihaela Gheorghiu, Bryf P, Giri, Jaidev S. Gouder,
Richard S. Handley, Rickard Krzeczkowski, and Barry A. Schoenfeiner

Lumigen, Inc. P, O, Box 07339 Detroit, MI 48207

ok kD R S RS

Enzymatically triggerable 1,2-dioxetanes which can serve as chemilui;nh\escent
substrates for slkaling pﬁosphause. B-galactosidase, and aryl esterase have been developed.!+
These compounds are highly stable, erystalline materials which have half-lives for
decomposition in the solid state of several years at room temperature, They olso show excellent
stabilfty in aqueous solurions. Enzymatic removal of a protecting group X from the stable
dioxetane produces the hydroxy-substiruted dioxetane (X=H). Subsequent deprotonation of
this species in the buffer produces an unstable aryloxide intermediate which spontaneously
decomposes 10 generate the luminescence, The meta-phenyl phosphate dioxetane 1a

(X=PO;Ns,) (Lumigen® PPD) is now widely used for chemiluminescent detection with
enzyme-linked immunoassays and DNA probes employing alkaline phosphatase conjugates.

0-0 0~0

QOCH; OCH,
Enzyme Base m . :
H o
Energy transfer
a X-PO;Nag 1o flucrascer

b X= B:-Dgalaclose
Light

¢ Xm aceiyl . ;

Lumigen® PPD is available commercially as Lumi-Phos® 530, s complete liquid

formulation which contains the dioxetane in a basic buffer solution incorporating a fluorescent
comicellar enhancer system. Alkaline phosphatase is readily detected in solution by adding an
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aliquot of Lumi-Phos® 530 to a wbe or microtiter well containing the enzyme at 37 °C and

recording the emission using & luminometer, instant photographic, or green-sensitve X-ray
film. Atlow levels of enzyme, chemiluminescence intensity rises to a plateau within
approximately 30 minutes and remains constant for several hours permining repeated

measurements to be made if required, Chemiluminescent detection with Lumi-Phos® 530

affords ultrasensitive detection of alkaline phosphatase, A detection limit of 102} maol of

alkaline phosphatase has been achieved usiny, this detection system at 37 *C(Figure 1).$

Further, the chemiluminescence intensity Is proportionial to the amount of alkaline phosphatase :
present over six orders of magnitude (Figure 2). Alkaline phosphatase conjugates are aiso :
rapidly detected on nylon and PYDF membranes using Lurmi-Phos® 530 and X-ray film

detecion, Numerous applications in life science research and medical diagnostics have been

developed using techniques including ELISA assays for haptens, Western blotting for protein

detection, Southern blot analysis for detection of microbial and human DNA, and DNA

sequencing applications.
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Fig. 1. Chemiluminescent intensity in counts/s (arbitrary units) vs. fime for reaction of
dioxetane 12 with 0.0016 amol of alkaline phosphatase in 100 uL of the Lumi-Phos® 530
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Fig. 2, Correlation of log (intensity at the plateau, counts/s) vs. log (moles of alkaline
phosphatase)

Dioxetane 1b (Lumnigen® GPD) bearing a galactose moiety as the protecting group is 8
highly sensitive reporter molecule for the chemiluminescent detection of free 8-galactosidase and
conjugates in solution. Lumi-Gal™ 530 is a ready-to-use formulation which atlows the rapid
detection of 8-galactosidase from E, ¢oli with ten-fold better sensidvity than colorimetric
methods.” A set of assays can be performed in one hour compared to the incubation times of up
to one day required in colorimetric analysis of low levels of 8-galactosidase. A noteworthy
feature of the Lumi-Gal™ formularion is that it permits the efficient operation of E. colf 8-
galacrosidase at pH 9.6, which is significantly above the optimum pH. This property makes
Lumi-Gal™ 530 especially useful for analysis in gene expression studies since the E. coll 8-

galactosidase gene is commonly used as & reporter gene in molecular biology research,

While enzyme labels provide a powerful detection system, problems associated with non-
specific absorption of enzyme-conjugates and background contamination with ubiquitous
enzymes such as alkaline phosphatase can limit the sensitivity of actusl assays. An alternative
technique which may avoid these limitations involves the direct labeling of biological molecules
with a chemiluminescent molecule, We now report the development of novel, chemically
triggerable dioxetanes which can be used as chemiluminescent labels for a wide variety of

ot
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biological molecules, The highly efficient meta-phenyl type dioxetane has been funcdonalized
with tethered reactive groups. For example, dioxetane 2 contains an N-hydroxysuccinimide
groJp attached through a methylene linker arm. Antibodies and DNA probes bearing reactive

. amino groups are labeled with this dioxetane, Dioxetane 3 contains a biotin group for indirect

labeling through the biotin-streptavidin binding intcraction. Various OX groups can be used in
combination with the appropriate activating agent to chemically trigger the chemiluminescence
and provide an assay for the labeled bidlogical molecule. We will describe possible applications
of these novel labels to life science rescarch and medical diagnostics.

HN™ "NH
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MECHANISM OF CF(X2l1) GENERATION BY 248 NM MULTI-PHOTON
DISSOCIATION OF CF;Brs AND CFBry, DETERMINATION OF THE C-F BOND
DISSOCIATION ENERGY

Jozel Peeters, Jan Van Hoeymissen and Ilse De Boelpaep
K.U. Leuven, Celestijnerlaan 200F, 3001 Leuven, Belgium

Ground state CF(X) radicals were observed as a minor product of the 248 nmn excimer
laser photolysis of both CF;Br; and CFBry, The resulting [CF(X,v"=0)] was measured
by L.LF. (excitation : 1-0 band of the 25* « 311, 3 transition ai A ¥ 224 nm) as a function
of the excimer laser fluence over a range = 101 to 10!® photons cm*2 pulse-t, In both
cases [CF(X)] obeys a #2 law in the # - 0 limit. Photodissociation cross sections were
obtained from the detailed analysis of [CF(X)](#) over the full fluence range :

CF,Brs + hw CFyBr + Br All, = 66 Ke/m oy=7100cm2 (1)
CFaBr+hv » CF2 + Br(major) AH,=35

o2=410"15cm?
+ CF + FBr(minor) AH,=100

CFBr3 + hv » CI'Br; + Br A, =061 o1=4 10-1%cm?
CFBra+ hv » CFBr + Br(major) AH,=43

o2 =2 10-16cm?
+ CF + Bry (minor) AH,=69
As evidenced by relaxation effects, CF from CF;Br; arises for a large part in the
v = 0 state, whereas CI from CFBr, is generated dominantly in higher v" states, in
agrecment with the energetics of the processes involved.

'The C~F(X) bond dissociation energy was determined from a AG(v") vs.v" Birge-
Sponer relation, with G(v") values for v" = 0to 14 obtained from CF(%L*, v’ = 1)
fluorescence (224-352 nm) induced by 224 nm probe laser excitation of the 25*, v* =1 «
M, v" = 0 transition. Given the nearly perfect Morse behaviour of the CFSX)
potential energy function ~ a8 follows from recent highly refined ab-initio V(r) data 2 ,a
first-order Birge-Sponer analysis was carried out. Thus, we obtain D(C-F) = 128+
2 Kc/mol.

(1) D.Gillotay and P.C. Simon, J. Atmos. Chem, 8, 41 (1989)
(2) A.P.Rendell, C.W. Bauschlicher and S.R.Langhoff, Chem. Phys. Lett. 163, 354
(1989)
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Perturbation facilitated optical-uplical double

resonance spectrogcopy of Cly

Yasuko Kasal, Jin-lla} Si, Takashi Ishiwata, and Kinichl Obl

Departiment of Chemislry, Tokyo Instltule of Technology

Ohuvkuyama, Megure, Tokyoe 162, Japun

The 0; (3Pl) and lg(sPl) fon~-palr stales were studied by Lhe
perturbation facilitated optical-oplical double resonance speclruscopy.
1t 18 known that the AQ=0 sclection rule hoids for the lon-pair 1o
valence state transitlons, since their primary transition momenls are
parallel to the Internuclear axis. [Ior example, In order to detect Lhe
0; lon-pair stale by oplical-oplical double resonance, this seleetion
rule requires ihe =0 componenis uvf the 9llu valence slale as an
Intermedlate, to which the optical transition f[rom the X‘ZE ground
slate 1s forbidden. in a previous publlcnllun.l’ we found the lucal
perturbation by the B‘nll(U;) slate In Lhe v=9 level of the A?ll(lu)
stale., On this basls we adopted the excitation scquence shown In Iig. 1
lu probe ibe 0;(3P1) state, where the first step of excitallon to the
intermedlale state was excculed through its Aafluu)- XIEE property.

In the sccond step, the molecules were

exciled lo elther the 0z¢3Pp)  or 0 Py 19(P2)
15¢%,) state lying in the 58000 cn”! i X

reglon, according to the AfQ=0
selection rule depending on the probe
Jaser wavelenglh by Its B‘sll(oa) and hva hva
Aall(lu) double-faced characler, On
the olher hand, we analyzed the zu(aPz)
fon-paly stale through the

M3~ TIC,)  Interacting  state,  BHE) Va7 AN ves
4

wvhose results wiil be discussed in the
pusler session,

Xfr,!
(1) T. ishiwata, A. Ishiguro, and K. —125
obl, J. Mol. Spectreac. In press. rig. 1
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KINETICS OF C,0 RADICALS FFORMED IN TTHIE PHOTOLYSIS O

CARBON SUBOXIDE AT 308 NM AND 248 NM

K.H. Becker, R. Konig, R. Meuser, . Wiesen and K.D. Bayes*
Bergische Universitit-Gl{ Wuppertal, FB 9/Phys. Chemie, Postfach 100127,
D-5600 Wuppertal 1, FRG
* Dept. of Chem. & Biochem., UCLA, 405 Hilgard Avenue, Los Angeles,
California 90024, USA

The photolysis of carbon suboxide at 248 and 308 nin was invesligated
at 4 Torr total pressure and 295 K. It was observed that when C,0, is
photolyzed at 248 nm the photolysis product C,0, whose time behaviour was
monitored by means of laser induced fluorescence, is initially formed in one
of the low lying singlet states whereas at 308 nm the 3x~ ground state is the
dominant photolysis product. At 248 nm the addition of CO caused an efficient
conversion of the singlet C,0 to its triplet electronic ground state, which is
probably caused by intersystem crossing in a C,0, collision complex.

In addition, rate coefficients for the reactions of C20(X3>.") with CO,
CO, and O, as well as quenching rate constants for the deactivation of
C,0(A%1;) by N,, SFF;, CO and CO, were determined.
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infrared Diode Laser Study of the Reaction of
o('D,) Atom with CH,

Toshinorl Suzuki* and Eizi Hirota®
Institute for Molecular Sclence, Myodaljl, Okazaki 444, Japan

The reaclion dynamics of polyatomlc molecule involving internal (vibrational)
coordinate(s) has not been well understood. in the present study we Investigate hydrogen
abstraction by O('D,) atom from methane, O('D,) + CH, = OH + CH, (AHxq = -179
kJ mol™"), which Involves the large out-of-plane bending deformation of CH, molsty of CH,
from a pyramidal to a planar structure. The bending deformation dynamics of CH, In the
reaction are expected to be reflected by the product state distribution over the v, (out-of-
plane bending) mode of the CH, radical. The reaction was Initlated by the generation of
O('D,) atoms by excimer laser photolysis of N,O, O, or NO, at a total pressure of 100 - 200
mTorr, and the v, bands of CH,, v, = 1 « 0 up to 4 « 3, were measured as functions of
time by infrared diode laser kinetic spectroscopy. The result shows that the vibrational
distribution of v, (v s 3) Is non-Inverted and much less excited than a prior disiribution. The
nascent vibrational distribution determined for the gas mixture N,O/CH, (100/100 mTorr) was
1:058:035:0.15forv, = 0, 1, 2, 3 and the fraction of the avallable energy released to
v, vibration, <f, (CH, v,)>, was estimated to be about 0.02, These resuits contrast with the
strongly-excited inverted vibrational distribution of the OH counterpart radical, which has a
maximum atv = 2 and <f,(OH)> = 0.3.' For the O('D,) reaction with CH,, there has been
a controversy whether the reaction proceeds via Insertion or abstraction mechanism. For
comparison, we also measured the vibrational distribution of CH, produced by the direct
hydrogen abstraction reaction of the ground state O('P) atom with CH, (aH, = 8 kJ mol")
using the precursor of SO, and obtained a similar non-Inverted distribution. Therefore, the
O('D,) and O(*P) reactions have similar CH, deformation dynamics. The feature of energy
partitioning is also similar to that of the F atom reaction with CH,. The results may suggest
that in these reactions the CH, molely deforms fast enough to follow the motion of the
abstracted alom, as reported for the A state photodissociation of CH,1.2

* Present Address: Department of Chemistry, Cornell University, Ithaca, NY 14853-1301 U.S.A,

® The Graduate University for Advanced Studies, 4259 Nagalsula, Midori, Yokohama 227 Japan

! (a) P.M.Aker et al,, J.Chem.Phys., 73, 1143 (1986); (b)S.G.Cheskis et al,, Chem.Phys.Lelt,, 155,
37 (1989)

? (a)T.Suzuki et al., J.Chem.Phys. in press; (b} S.Amalatsu et al., J.Chem.Phys. in press;
{c)H.Guo and G.C.Shatz, J.Chem.Phys, 83, 393 (1990)
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CHANGING INTRAMOLECULAR VIBRATIONAL REDISTRIBUTION RATES
BY CHEMICAL MODIFICATIONS

Charles S, Parmenter, Trent Peterson and Zhong-Quan Zhao

Department of Chemistry, Indiana University, Bloomington, IN 47405

Some simple chemical modifications of the aromatic p-difluoro-
benzene (pDFB) can change or inc:oduée IVR processes whose rates span
approximately four orders of magnitude. IVR rates mmong the ring modes
of pDFB at 300K lie in the range 15.300 psec, If we replace a fluorine
with a Cli; group, IVR rates increase as much as 100X, bscoming in some
cases, sub-picosecond, Hovl;; the Cly group to the ortho or meta position
increases the rate further. Alternatively, i{f we return to pDFB and add
an Ar atom to form the pDFB-Ar van der Waals complex, we introduce slowar
IVR processes, about 5000 psec, A changs in the pDFB-Ar complex Ly again
replacing a fluorine with a methyl group accelerates the slow IVR by at
least an order of magnitude.

The underlying causes of these changes can be understood in gencral
terms, and detafls of the IVR mechanisms are emerging. Theoretical
modelling provides some insight into the van der Waals IVR. The methyl
effect is due to the interaction of its internal rotation with overall
rutation and ring vibrations. Cold jet fluorescence spectroscopy has

provided a detalled picture of these state-to-state couplings,
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PHOTOISOMERIZATION RATES OF STILBENE AND
DIPHENYLBUTADIENE: AN RRKM ANALYSIS BASED ON
COMPUTED VIBRATIONAL FREQUENCIES

Fabrizia Negri and Giorgio Orlandi
Department of Chemistry, University of Bologna
40126 Bologna (italy)

The trans-cis photoisomerization of stilbene (St) and diphenylbutadiene (DPB) has been studied
extensively in a varicty of different environments, both in the dense phasel-2 and under collision-
free conditions in supersonic beams34, The energy dependence of k(E), the microcanonical rate
coefficient of the photoisomerizalion process, shows a very well defined threshold for (his process
at an excess vibrational encrgy of ca. 1200 cm°1, The rate constant k(T) measured in the dense phases
matches the thermally averaged k(E) for DPB, but is larger by a factor of 30 for St.

We have analyzed these obscervations by performing RRKM calculations of the rate cocfficients
k(E) based on compuled vibrational frequencies of reactant and of transition state. From the
computed k(E), the rate cocflicients l;(T) arc obtalned. In DPI where the lowest excited state is 2A
along the entire reaction path, the theoretical and the experimental k(T) and k(E) are in good
agreement. In St a correct k(E) Is found introducing non-adiabatic effects associated to the nature of
the barrier which is originated by the avoided crossing of the states 1B and 2A: the neglect of these
effects leads to an overestimate of k(E). On the contrary the computed k(T) is significantly lower
than the observed rate: this difference is explained in terms of a Jowering of the barrier by the
solvent>, The observed deuterium effects6 are roproduced correctly.

These results indicate that a) the RRKM method can describe succesfully the rate parameters of
photoisomerization in isolated diphenylpolyenes and b) the anomalous cffects observed in St are
related to the nature of the barrier in these molecules.

1) J.Salticl, J.D'Agostino, E.D.Mcgarity, L.Melts, K.R.Neuberger, M.Wrighton, O.C.Zafirion,
Org.Photochem. 3, 1 (1973); M.Sumitani, N.Nakashima, Y.Yoshihara, S.Nagakura,
Chem.Phys.Lett, 51, 183 (1977).

2) Ch.Gehrke, J.Schroeder, D.Schwarzer, J.Troe, F.Voss, J.Chem.'hys. 92, 4805 (1990).

3) P.M.Felker, A.H.Zewail, §.Phys.Chem. 89, 5402 (1985).

4) ).Troe, AAmirav, JJurtner, Chem.Phys.Lett, 115, 245 (1985).

5) F.Negri, G.Orlandi, J.Phys.Chem, 95, 748 (1991),

6) S.H.Courtney, M.W.Balk, L.A.hilips, S.P.Webb, D.Yang, D.HLLevy, C.HLFleming,
J.Chem.Phys. 89, 6697 (1958).
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Opticul~opllcal double resonance spectroscopy of Cly,

using (1 + 2) pholo~-oxcilution sequence

Takashi (shiwaln, Jin=hal 8i, Yasuko Kasal, and Kinichi Obi

Dapartment of Chemistry, Tokyo institute of Technology

1Jhokayama, Meguro, Tokyo 152, Japan

We have curried oul a series of experimenis on the Clz molecule Lo
examine the excited states of lon-pair character by oplical-oplical double
resonance. The previous publication showed an approsch Lo Lhase exciled
slales using (1 + 2) pholo-excitation sequonce Lhrough Lhe nau(o;)
at.al.o.“) liowever, this experiment only allows Lo probe Lhe 0‘*‘ lon-pair
slales, since Lthe AQ = 0 seloclion rulo holds for the valence o lon-pair
state transitions of the charge Lransfer Lype along Lhe internuclenar axis,
To solve Lhis problom, we have recently dovoloped Lhis Lechinigue using the
Anll(lu)'amtc as an intermoediale and now apoctra covering Lhe same region
(58500 - 61000 cm"l) were observed. ‘This oxperiment oxtondod our
observalion Lo Lhe 1, stale, and Lthe perturbation facilituted double
resonance Leansilions through Lhe Aall(l")- Il’:’ll(o"‘) and Asll(l“)~/\'31l(2“)
perturbing states allow us Lo gain access Lo Lhe 0; and 2, lon-palr
stales, respectively. VFinally we were ablo Lo characlerisxed all of Lho 6
ungerade fon=-pair states (2 x 0;. 0:‘. 2x 1, and 2u) corrclating Lo Lho
fowest {onic state ct‘(‘s) + Cl*(al’). whoso resulls are summarired as
follows: (1) These ion-pair states of Cly show caso (e) tendencies and
thele relalive positions can be rallonalized by spin-orbil coupling
between Lhe 322; and 3llu slales arising from (:l'('s) + Cl'(al'). (2) The
3}2"" state lytng ol ~58800 em™! s ehnraclorized by @, ~ 2ib el
2.8 X, The :lllu stale s slightly long-bondod (ry ~ 3.4 K) and located at
~ 69400 cm™! with w, ~ 250 em !, () Hhue Lo Lhe crucial dilfference of
molceular constanls between Lhe 3“" and 32:;; stales, the inlerstate
couplings between Lhe jon-pair states are indispensable analyzing Lhe

and £y ~

spoelra,

(1) T, lshiwata, | Fujiwara, T. Shinzawa, and 1. Tanaka, J. Chen.
Phys. 79, AT79 (1983).
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INTERSYSTEM CROSSING AND CIIEMICAL REACTIONS
IN N1l(a'A) COLLISIONS
W. Hlack, and K. Rathmann
Max-Planck-Institut fir Strémungsforschung
Bunsenstrafe 10, D-3400 Gottingen, Germany

N1I(atA), which is isoelectronic with O(!D) and the carbene Clla(a), is a model
sysiem to study the kinetics and dynamics of clectronically excited species. The two
channels, chemical rcaction and intersystem crossing (to different vibrational states in
the eclectronic ground state (X3I<)), can be followed directly Ly laser-induced
fluorescence (LIF).

NII(atA, v* = 0 - 4) is formed in the laser photolysis of IIN; at A = 248 nm and
NH (a!A, v* = 0) at A = 308 nm. The time delay between the photolysis laser puls and
the LIF laser pulse brings about the time resolution,

The intersystem crossing of NH(a!A, v = 0 and 1) collision induced by N
takes place with an activation energy of 5 kJ/mol for both vibrational states; a result,
which is in agreement with informations on the HN ~- N, surface obtained from the
1IN; photolysis. In the quenching of NII(atA, v") by N, NII(X) is found exclusively in
the vibrational ground state, whereas for Xe as the colliding partner NH(X) in v = 0
and v>0 is observed. The dilferences of these two isc-dynamics will be discussed.

For the reaction of NI(a!A) with ClHy, Caly, Cylly and Cqllye, which proceed
with rate constants in the range 0.18 ¢ k + 101 ¢cm3 mol-t g+t ¢ 3.2 the chemical
reaction was found to be the dominant channel; the intersystem crossing contributes
less than 1%. The chemical reaction follows the insertion pathway on the lowest
singlett surface with NII, as a decomposition product. The same dynamics is observed
for the interaction of NII(a!A) with NII;, which reacts with a rate constant k = 8.9 .
1013 em3/mol-s.

For the unsaturated hydrocarbons like Cyll4, Cyll4 and C,lly, which react with
rates in the range 5.1 ¢ k-10!3 cm3/mol-s < 8.9, the chemical reaction is also the
dominant pathway, but competition between the insertion of NIi(a!A) into the
Cll-bond aud addition to the double bond occurs. The measured product distributions
are discussed.

i
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GENERATION OF Xe* ATOMS AND Xellal* EXCIMERS IN ACT1VE NITROGEN
Anatoly M. Pravilov, Ludmila G. Smirnova and Andrej I. Yilesov

Institute of Physics, Leningrad State University, Leningrad, 198904, USSR

Excitation of Xe atoms as third body in the process of N(%S) atoms
recombination was studied in our recent vork(! , vhere Xe{Gp} states were
monitored via the Xe{6p} —> Xe{6s} emissjon. Xe{Bp} levels lying close to
the N dissociation limit are directly excited in the process of three body
recombination, while excitation of lower Xe levels involves energy transfer
from the excited nitrogen molecules, stabilized by vibrational relaxation.

N(*S) + N('S) —> Ng* (1)
Na* + Xe  —> Na(X,v) + Xe*({6p},{0Cs},{6s’}) (2)

In the present work kinetics and yield of Xe atoms cxcitation was
studied using cmission of XeCl* (XeF*) cxcimers formed in recaction:
Xe* + C15(CCl¢, NF3)  —~—> XeCl*(XeF*) + C1(CCly,NFq) (3)
as a sarker for Xe* mctastable states. This method permits to obtaine the
total yield of Xe excitation in rcactions (1,2), which is basically
associated with Xe{0s} states formation. Termolecular rate constants for Xe
excitation in reactions (1,2) were found to be : ki3 = 0.41, 0.86 and 1.1
(units, 107%% cm%s!) for N = lle, Ar and Xe carriers respectively. Thus
studied system manifests itself as having high yield for convertion of
chemical energy, released in the process of recombination into energy of
cxcited Xe atoms or excimers, which can be of interest for applications.

XeF* production was also found when XeP; was added to active nitrogen.
XeF* formation in this case involves dissociative electronic ecnergy
transfer from No* formed in reaction (1) to XeFa.

Na* + XeFy ~—> Nao(X,v) + XcF* + F (1)

XeF* excimers formation were monitored via their emission in the UV range.
Terwolecular rate constant for XeF* excitation in reactions (1,4) was

estimated to be ky,4 = 1073 cn’s! for K = He.

(1) v.v.Ivanov, A.M.Pravilov, L.C.Smirnova and A.F.Vilesov, J.Photochem.
Photobiol.A:Chem,, 54 (1090) 139,
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STATE-RESOLVED PHOTOFRAGMENT EXCITATION SPECTROSCOPY OF NO,
NEAR PHOTODISSOCIATION THRESIHOLD

J. Miyawaki, K. Yomanouchi and S, Tsuchiya
Department of Purc and Applicd Sciences, College of Arts and Sciences, The University of

Tokyo, Komaba, Meguro-ku, Tokyo 153, Japun

Photolragment excitation(PHOFEX) spectra of NO, + hv=3 NO(1,,, v=0, j) + OCP)
were observed by detecting O or NO in respective quantum levels. The initial rotational state
of parent NO, was limited to the ground lcvel by cooling it in o supersonic jet. PHOFEX
spectra are composcd of a line structure whose line~width s broadened homogencously due
to the dissociation reaction. This implics that NO, predissociatcs through a quasi-bound state
of vibronically excited levels. The branching ratios to produce OCP,) in three spin-osbit
sublevels arc consistent with those predicted by a restricted stutistical distribution model.®

An exumple of PHOFEX spectra obscrved by detecting NOCT,,v=0,j) is shown in Fig, 1.
Near the dissociation threshold where NO is produced only in the lowest rotutionul level, the
predissociution rute is cstimated 1o be 9x10° 87! from the finc-width, In the photon cnergics
which allows production of NO in both j=0.5 and 1.5, the line-wlidth is broader to be around
0.15 cm™! which corresponds to the rate of 3x101%s°!, Thesc vulues arc close o those expect-
cd by the stutistical thcory, However, the rotwtjonal population ratio is fur from the statisticul
expectation. The photodissociation dynamics will be discusscd on the basis of these results.

Fig. 1 PHOFEX spectra obscrved
through detection of NOC1,
v=0,j=0.5 and 1.5).

Dissociation threshold = 25130.6 cm™!.

POPULATION (a.u)

75120
WAVENUMBER / crn!

RS T NN R W TN

25130

(1) J. Miyawaki, K. Yamanouchi and S, ‘Fsuchiya: Chem. Phys. Lett, in press.
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Réaction chimique photoinduite dans le complexe ;
de van der waals Noz-czn4

Laboratoire de Photophysique Moléculaire du CNRS

ﬁ J.C., Loison, C. Dedonder-Lardeux, C. Jouvet and D. Solgadi ‘
Bat 213 Université de Paris Sud., 91405 Orsay Cedex. FRANCE

La photodissociation de No, dans le complexe NO,-C, i,
excité A 355 nm et 266 nm conduit & la formation du radical
vinoxy (cnzcno‘). Cette réaction photochimique dans un
complexe de van der Waals peut &tre considérée comme
1’analogue de la réaction collisionnelle 0(39) + 32“4 . mais
avec une géometrie fixe dans la voie da’entrée.

Quand No2 dans le complexe est photodissocié & 355 nm, ;
la réaction est exoénergetique (6000 cm '), mais on observe ;
une distribution d’énergie interne, rotationnelle (Ev «

150 cn"l) et vibrationnelle (Ews % 300 cn'l), froide at non
statistique. '

Quand la longueur d’onde de photolyse est 266 nm, la .
distribution d‘’énergie dans cnzcﬂo’ est toujours froide !
rotationnellenmant, mais on trouve plus d’énergie :
vibrationnelle. La distribution d‘’édnergie interne est
interprétée avec un modale impulsif & 1’état de transition. ¢

La distribution d’énergie internre du vinoxy produit f
par collisions en phase gazeuse de O(JP), issu de 1la ;
photodissociation de NO,, avec czﬂ4, est rotationnellement ;
et vibrationnellement plus chaude que celle obtenue dans le
complexa. Cette difference entre réaction dans le complexe
et réaction collisionnelle peut &tre dde A:
~la sélection de la géométrie dans la voie d’entrée qui peut
donner lieu, dans le complexe, & une selectivité dans le

b o g gl ek e 1

produit
-l’agrégation peut A&tre responsable du refroidissement du

produit final (bien qu’aucune expérience n’ait mis en

évidence ces agrégats)
~-deux mécanismes différents peuvent dtre actifs en collision

comme le suggdre la dépendance en pression de la vitesse de

AR

3
s

réaction.
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PHOTO INDUCED CHEMICAL REACTION IN 1HE N02-CZH4
VAN DER WAALS COMPLEX

J.C. Loison, C. Dedonder-Lardeux, C. Jouvet and D. Solgadi

Laboratoire de Photophysique Moléculaire du CNRS
Bat 213 Université de Paris Sud, 91405 Orsay Cedex. FRANCE

The photodissociation of NO, in the NO,-C,H, complex
excited at 355 nm and 266 nm leads to the formation of the
vinoxy radical cnzcuo'. This photoreaction in a van der
Waals complex can be considered as the analogous of the
collisional reaction O(SP) + CH, but with a restricted
geometry in the entrance channel. The product energy
distribution is monitored by laser induced fluorescence.

When the NO, in the complex is photodissociated with 358
nm, the reaction is exoenergetic by 6000 cm'l, but a cold
nonstatistical rotational (Ee« ® 150 cm'l) and vibrational
{Ee» % 300 cm'l) state distribution {s observed. When the
photolysis wavelength is set at 266 nm,the vinoxy product
enargy distribution is still rotationally cold, but more
energy is found in vibration. The {internal energy
distribution is analyzed through an impulsive model in a
late transition state.

The energy distribution in the vinoxy product obtained
in gas phase collisions using 0(39) issued from the
photodissociation of No, colliding with CoHys is rotationalily
and vibrationally hoter than that obtained in the complex.
This difference between the reaction in the complex and the
collisional reaction can be due to several reasons:
~the entrance channel geometry selection in the complex may
give rise to the selectivity in the product
~clusterisation may bhe responsible for the cooling in the
final product (although no experimental evidence for large
clusterisation is observed) '

-two different mechanisms may be active in collisions as
suggested by the pressure dependence of the reaction rate.
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FORMATION OF ELECTRONICALLY EXCITED NH(A) IN THE VUV PHOTOLYSIS
OF NyxHy SYSTEMS INCLUDING NHp-RADICALS

H. Bichl and F. Stuhl
Physikalische Chemic 1, Rubr-Universitiit Bochum,
D-4630 Bochum Federal Republic of Germany

Ab initio calculations by Saxon ct al.1) have predicted an Ny transition to the (22/\ 1)
state leading to the formation of clectronically excited NIH(A) and H. The corresponding
ubsorption is given to occur at around 160 mm.D) It has been previously shown in our
luboratory, that Nilj is photodissociatcd by ArF-exciner-laser light to yield rotationally
excited NH; radicals in the ground state.2) These highly rotating radicals thereafter absorb a
sccond photon from the same unfocussed laser pulse to gencrate indeed NH(A3IT,v=0 and 1)
radicals. Practicaily all the excess energy from the first photolysis step is carried over to the
NHj fragment making its photolysis just possible at the relatively long wavelength of 193 nm
(ArE),

For the photolysis study of ground state Niip(X2B;) without internal cxcitation we
have gencrated the radicals in flow systems by the reactions (1) 1 + Nalig = NoH3 + Hp
followed by H + NoH3 — 2 NHj and by (11) F + Nii3 — NHj + HF, As a tunable vuv light
source (105 - 200 nm), we have used the Berlin electron storage ring (BESSY) using a beam
line cquipped with a Im Seya Namioka monochromator, In addition, fixed vuv rare gas
resonance lines were used. NH(A) radicals were detected by their (A — X) wransition to the
ground state. Unfortunately such flow systeis contain a number of lely species capable of
producing NH(A). In order to discriminate the observed fluorescence against that from NHp,
we have first studicd absorption and excitation spectra of Noilg and Naty, because these two
molecules are possibly comimon to both flow systems due 1o NHj reactions. The remaining
NH(A) emission is then attributed to the photolysis of NHj.

In this work, we report excitation spectra for the formation of NH(A) from Niip,
N2H3, and NaHg4. Furthermore the absorption spectrum of Notig has been reinvestigated in
the light of recent ab initio culculations.3)

This work has been supported by BMFT under the grant no, 05 432FB 10
References:

1. R. . Saxon, B. H. Lengsficld 111, and B. Liu, J. Phys. 78, 312 (1983).

2, R. D. Kenner, F. Rohrer, R. K. Browarzik,j A, Kaes, and F, Stull, Chem. Phys. 118, 141
(1987).

3. V. Stacmmler, Acta Physica Polonica A74, 331 (1988).

§

MR s oy e o A

B T T

2 IR N
%ﬁm@ﬁ R WEX VTS SOOI




I-13

PHOTOCHEMISTRY OF METHYLACETYLENE AT 193NM

Kanekazu SEKI and Hideo OKABE
Department of Chem., Howard Univ. Washington DC 20059 (USA)

Methylacetylene (MA) was found in interstellar clouds and
the Titan (a Saturn’s satellite) atmosphere. We have investigated
the photochemistry of MA at 193 nwm using FTIR spectrometer for
product analysis. The quantum yields of acetylene and the
disappearance of MA were measured at MA pressures in the range
0.1-10 Torr. The photolysis of mixtures of MA and other gases
(Cl,,Ar) was performed.

Acetylene was a main product of the photolysis. The quantum
yield was 0.1 above 2 Torr of MA pressure. Below 2 Torr the value
gradually rose up to 0.24 at 0.3 Torr. This result support the

following mechanism
CH,C,il + hv ————> CH, + C,M, (A)

CH,C;H + hv ———3 CH, + H (B)
followed by

cHeH o+ 1 e N+ | A (c)

CH,* + M ——m=> C,H, (D)

C,H.t -==~=> CH, + C,H, (E).

Reaction (C) is affected by MA pressure but (A) is not.
Therefore The quantum yield of 0.1 is ascribed on Channel (A).
An increase of the quantum yield of acetylene is based on Channel
(B),(C) and (E). In the presence of 90 Torr Ar at a MA pressure
0.3 Torr the quantum yield of acetylene was 0.,12. The presence
of Ar reduces the quantum yield of acetylene,that is CH,* is
stabilized by the collision of Ar. Reaction (B) was suggested by
L.J. Stief et. al.' at 147nm photolysis. They showed that the
main reaction of methylacetylene photolysis was (B). The GC,I,
was, however, not clearly assigned to CH,CC or CH2CClHl. We could
show that The C,H, was CH,CC, because CH2ClCCH was not found at
the pnotolysis of MA including Cl1,.

(1)L.J.S5tief,V.J.Decarlo and W.A.Payne,J.Chem.Phys.54,1913(1971).
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INVESTIGATIONS OF THE ONE AND TWO POOTON DISSOCIATION
OF KETENE

S. M. Ball, G. Hancock, M. R, Hcal and D. J. McGarvey
Ozford Centre for Applied Kinetics, Physical Chemistry Laboralory,
Ozford Universily, South Parks Road, Ozford, OX1 3QZ. UK.

1).  Laser fash kinetic absocption spectroscopy has been used to monitor the
temperature variation in the collisional removal of the CH, (a'A,) radical produced via
the one—photon pulsed photolysis of ketene (CH;CO) at 308 nm. For the reaction of
ICH, with NO and Hj there was no significant deviation in removal rate constant from
the messured room temperature values of 1.6 and 1.0x10%° cm?® molecule™! s
respectively. Quenching by Ar can proceed only via the spin-forbidden collision induced
intersystem crossing (ISC) to the ground electronic state (X 3B,) and for this process the
rate constant was observed to rise by about 50 % from its room temperature value to
7.6 x 10" ¢m? molecule™ 8! at 431 K, The mixed state model for ISC was used to
explain the increase in quenching rate for Ar by calculating the variation in the
fractional Boltzmann population of certain perturbed levels in the singlet manifold that

act as "doorway" states for encrgy transfer into corresponding triplet manifold
perturbed levels®, '

2).  In a second experiment the ground state CH radical (X *11) was produced by the
two—photon photodissociation of ketene at 279 nm and detected by laser induced
fluorescence in the R-branch region of the A A~ X 2I1 transition. The presence of a
large excess pressure of inert bath gas Ar was observed to always produce a propensity
in population of the A—doublet pairs for higher rotational levels (N" > 11) with the Ar
appearing to preferentially quench to states of A" symmetry. The nascent I(A")/TI(A)
propensity ratio in photodissociation was found to be 1.0 and rises to a constant value of
between 1.8 and 2.0 as the Ar pressure or probe delay was increased. Altering the
relative polarisation vectors of the photolysis and probe lasers produced no change in
observed A—doublet behaviour and indicates that there is little preferential alignment of
the CH rotating plane on photolysis. Recent theory describes collisions with closed shell
atoms using average and difference potential surfaces. Wavefunction mixing between the
spin-orbit manifolds leads to interference besween the scattering amplitudes of these
potentials and the symmetry bias in the final state depends on their relative signs.

(1).  P. Biggs, G. Hancock, M. R. Heal, D. J. McGarvey and A. D. Parr,
Chem. Phys. Lells., in press.
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MODE-SELECTTVE BOND FISSION IN FUNDAMENTAL STRETCHINGS OF 110D
L_Rar, Y. Cohen, D. David, T. Arusi-Parpar, S. Rosenwaks and James J. Valentini#
Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105, Isrnel

# Department of Chemistry, Columbia University, New York, NY 10027

Stimulated Raman excitation and coherent anti-Stokes Raman scattering prepare and
detect, respectively, HOD molecules with one quantum of vibrational excitation in the O-H or
O-D stretch vibrations, This selective vibrationnl excitation prepares densities of the excited
molecules in particular rotational levels that are sufficient for molecular reaction dynamics
studies. An ArF excimer laser at 193 nm promotes vibrationally excited molecules to the first
electronic surfince A(! B1) where they dissociate to produce Ol + D or OD + 11 fragments, The
photadissocintion products OD and Ol are detected vin laser induced fluorescence, The
photodissocintion of the O-I1 stretching, 110D (0,0,1), produces the fragments more
efficiently than the photodissociation of vibrationless molecules, but it produces OD 2.5 £().5
times more than OH. In the photodissociation of the O-D stretching, HOD (1,0,0), no
enhancement of the yield of the fragments is obtained,

The initially selected low energy vibrationnl state enhances the photodissociation cross
section relative to vibrationless molecules, and this effect is vibrationnl mode specific.  Also,
these results demonstrate that bond cleavage does not necessarily occur on the weakened
bond, and they agree with theoretical calculations(!2) indicating that the yield of OD and Ol
fragments depends on the Franck-Condon overlap of the vibrational wavefunction with the
repulsive surfice of the upper state, Our results show that even the very lowest possible fevel
of vibrational excitation can be "*»veraged” to effect sclective bond breaking,

(1) V. Engel and R, Schinke, J. Chem. Phys. 88, 6831, (1988),
(2) D.G.Imreand 1. Zhang, Chem, Phys. 139, 89 (1989); J. Zhang, D.G.Imre and
LI Frederick, J. Phys, Chem, 93, 1840 (1989).
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REACTION MECHANISMS IN INFRARED MULTIPHOTON
DISSOCIATION OF UFg AND ZIRCONIUM ALKOXIDE COMPOUND

Yoshiki Okada, Shuji Kato, Sakuc Satooka, Hideo Tashiro and Kazuo Takcuchi
The Institute of Physical and Chemical Rescarch, 2-1 llirosuwa Wako-shi
Saitama, 351-01 (Japan)

The isotopically sclective multiphoton dissociation of UFg with 16 pm  Raman

lascrs is uscd for the isotope scparation of uranium(}), In the infrarcd ;
multiphoton dissociation (IRMPD) of UFg, primary dissociation of UFg occurs via

the following rcactions: . .

23 nhv
UFg ——= “UFs+ F, §) :.
: 238 mhv {
l UFg — *UFs+ F. ) ;
Wec investigated the radical reaction mechanisms in the 16 pm p-Hiz Raman laser- ;

induced IRMPD of UFg cooled o -35 9C in the presence of F-alom scavenger gascs.
When CHg was added us a scavenger of F-atom, the dissociation ralc of UFg became
tens of times larger than when no scavenger gas was added. The reverse rcactions
of Egs. (1) and (2), i. . the recombination of UFs and F-atom, were inhibiled by the
addition of CH4. Gas-chromatographic mcasurcments of the irradiation products
revealed that as low as 7% of the mascent CHj radicals were involved in the radical ;
rcaction with UFg. When Hy or CoHg was added as a scavenger gas, both the
dissociation ralc of UFg and the contribution of the isotopically non-sclective

reaction with UFg increascd,

The isotopically sclective IRMPD of zirconium alkoxide compounds with COp
laser is used for the isotope scparation of zirconium(2)X3), The reaction
mechanisms in the TEA COy lascr-induced IRMPD of zirconium alkoxides, however,
is not known, To investigaic the reaction mechanism in the COy laser-induced
IRMPD of zirconium tetra-ters-butoxide (Zr(:-OCgqlg)g), we anslyzed the chemical

structure of the dissociation product by fast atom bombardment muss
spectrometry, infrared absorption spectroscopy, Raman  speciroscopy and nuclcar

magnelic rcsonance mcasurements,  From  the results, we could surmisc a reaction
mechanism in IRMPD of Zr(-OC4qHo)4.

(1) Takcuchi, K., et al. : J. Nucl. Sci, Technol., 26, 301 (1989).
(2) Lahoda, E. : Proc. Sccond Isolope Scparation Workshop, 74 (1985).
(3) Okada, Y., ct al. : Spectrochimica Acta, 46A, 643 (1990),
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REMPI MASS SPECTRUM OF THE OH RADICAL IN THE GAS PHASE

R. Forster, H. Hippler, K. Hoyermann, G. Roldde
Institut fir Physikalische Chemie der Universitit Gottingen
Tammannstrasse 6, D-3400 Goéttingen
Lawrence B, Harding
Theoretical Chemistry Group, Chemistry Division

Argonne National Laboratory, Argonne, [L 60439

The resonance enhanced multiphoton lonization (REMPI) of the OIl radical in
the gas phase was studied using an isothernal discharge flow reactor for the
production of Ol radicals (H + .\'O2 —> OH + NO), tunable laser light from an
excimer pumped dye laser and a time-of-flight (TOF) mass spectrometer., A
mass resolved REMPI spectrum was found in L'hu wavelength region of 290 -
310 mm, which is assigned to a (3 + 1) ionization process. An ab initio guantum

chemical calculation predicts the Rydberg state, verified by the experiment,
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UV MULTIPHOTON EXCITATION STUDY OF THE DYNAMICS
OF VIBRATIONALLY EXCITED BENZYL RADICALS

M. Damm, F. Deckert, H. Hippler and J. Troe
Institut fUr Physikalische Chemie der Universitdt Gvttingen,
Tammannstrafe 6, 3400 Gbttingen, Germany

Vibrationally highly excited benzyl radicals in ‘the elaectronic
ground state are prepared by UV absorption followed by fast
internal conversion. The UV photodissociation of precursors
like ethylbenzene yields vibrationally excited benzyl radicals
which are deactivated by collisions with inert bath gas mole-
cules before reexcitation with another photon. Variing the
number of deactivating collisions between the preparation of
benzyl and the photoexcitation the internal energy of the
benzyl radicals can be varied over large ranges. The colli-
sional deactivation of the benzyl radicals is monitored by
time-resolved UV absorption spectroscopy. It is found that the
rate of colliisional deactivation of benzyl radicals agrees
with that of hydrocarbons of similar sizel. For the highest
excitation energies applied there occurs a competition between
fragmentation and collisional deactivation. From the fragmen-
tation yields specific rate constants are derived which are
compared with results from a deconvolution of thermal high
pressure rate constants as obtained from shock wave measure-
ments2, '
1 H. Hippler, J. Troe, and H.J. Wendelken, JCP 78, 6709
2y, Hippler, C. Reihs, and J. Troe, Z. £. Phys. Chem.

Neue Folge, 1990, 167 , 1
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RYDBERG STATES OF NO IN A MAGNETIC FIELD
PROBED BY DOUBLE RESONANCE MULTIPHOTON IONIZATION

S.GUIZARD, N.SHAFIZADEN, M,HORANI, M.RAOULT and D.GAUYACQ
Laboratoire de Photophysique Moléculaire
BAt. 213, Unlversité de Paris-Sud, 91405 ORSAY (France)

The perturbation of molecular Rydberg states introduced by a constant
external magnetlic fleld ylelds a varlety of different field regimes
depending on the principal quantum number, the Rydberg orblital symmetry and
the rotational excitation of the lonic core.

The (2+1) lonisatlon spectrum of NO via the rescnant C 1 and and the
(2+2) lonlsatlon spectrum via the ressonant A?t’(v-o) state have been
recorded in a 1T external fleld. The Zeeman effect in the resonant state as
well as the allignement by the two-photon excitation have been calculated in
order to understand double resonance spectra on high Rydberg states via the
A state[lh

Non penetrating nf (v=1) states have further been probed by one photon
excitation from the two-photon pumped A state in the same magnetic fleld. Up
to n=15, only the linear Zeeman perturbation has to be taken into account,
This n-independent magnetic perturbation competes with the intramolecular
long range interactions which scale as 1/n®. For the 7f level, the
intramolecular fileld still overcomes the external field gliving rise to a
complex electronic-Zeemann substructure. For the 15f level, the anisotropy
of the magnetic fleld overcomes the intramolecular anisotropy, and ¢ is
already strongly coupled to the fleld axis, leading to the first observation

of the Paschen-Back effect in a moleculelzh

REFERENCES

g, GUIZARD, N. SHAFIZADEH, D. CHAPQULARD, M., HORANI, D. GAUYACQ,

submitted to Chem.Phys.

2) S. GUIZARD, N. SHAFIZADEH, M. HORANI and D. GAUYACQ, to be published
in J.Chem.Phys,
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ETATS DE RYDUERG LE NO EN CHAMP MACNETIQUE EXTERNE SUNDES
PAR IONSATION MULTIPHOTONIQUE RESONANTE ; ANALYSE MQDT

S. GUIZARD, N. SHAFIZADEH, M. HORANI, M. RAQULT et D. GAUYACQ
Laboratolre de Photophysique Moléculaire du CNRS
BAL 213, Unjversité de Parls-Sud, 91405 ORSAY

La perturbation des états de Rydberg moléculalres par un  champ
magnétique externe constant présente des régimes différents qul dépendent du
nombre quantiquer principal, de la symétrie de 1'orbltale de Rydberg et de
1'excitation rotationnelle du coeur lonique.

Les spectres d'lonisation & une ou deux couleurs de NO via les états
résonants AZ' ou C%Il ont été enrcglistrés dans un champ magnhétique externe :
de 1 T. L'effet Zeeman dans 1'état résonant ainsi que 1’alignement par
excitation & deux photons ont été calculés afin d’interpréter les spectres

de double résonance des états de Rydberg élevés via l'état A i :

Dans lec méme champ magnétique, les états non pénétrants nf (v=1) ont
été aussl sondés par une excitatlon & un photon A partir de 1'état A
lui-méme pompé par deux photons. Jusqu’'d n=15, seule la perturbation Zeeman
linéalre doit &tre prise en compte. Cette perturbation magnétique, *
indépendante de n, est en compétition avec les Interactions
intramoléculaires 4 longue portée qui varlent en 1%, Pour le niveau "7, le

T

champ intramoléculaire domine encore le champ externe donnant lleu 4 une
sous-structure Zeeman-électronique complexe. Pour le nlveau 15f,
1'anisotropie du champ magnétique domine 1'anisolrople intramoléculalre, et
! est alors fortement couplé & 1’axe du champ, condulsant A la premiére

observation de l'effet Paschen-Back dans une molécule ‘2{

BIBLIOGRAPHIE

11} S. GUIZARD, N. SHAFIZADEH, D. CHAPOULARD, M. HORANI et D. GAUYACQ
soumis & Chem. Phys.

12) S. GUIZARD, N. SHAFIZADEH, M. HORANI et D, GAUYACQ sous presse dans
J. Chem. Phys. 1991
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IR LASER~INDUCED DISSOCOTATION OF HALOMETIANES

Jérg Wollbrandt, Werner Strube, Matthias Rofiberg and
Eberhard Linke

Zentralinstitut fir physikalische Chenmie
Rudower Chaussee 5
D 0-1199 Berlin-Adlershof, Germany

Concentration and kinetics of CF: radicals generatled
in the IR-laser-induced dissociation of halomethanes at
pressures between 10® and 2#10? Pa were measured using a
special laser-induced fluorescence {LIF)-technique.

The technique yielded 3D profiles of the concentration
of the CF: radicals in various vibratjonal states with a
spatial resolution of 50 um at any point in time in the
range between 0 and 500 ys. These measurements show the
complex interaction between photolytic primavy reactions
and thermally induced secondary reactions of differently
excited dissociation products in dependence on laser flu-
ence, gas type (CPFa2Cla:, CF2lCl, huffer gas), and gas pres-

sure.,
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HIGI RYDBERG STATES OF CO STUDIED BY TRIPLE
RESONANT MULTIPIIOTON IONIZATION

Takayuki Ebata, Nobuki losoi and Mitsuo Lo

Department of Chemistey, Facully of Science
‘Tohoku University, Scndai 980  (JAPAN)

We will report the measurement of the high Rydberg states (0 2 8) of
jet-cooled CO molccule by the teiple resonant multiphoton ionization
spectroscopy.  Though CO is onc of the simplest diatomic molccules, its
highly cxcited states have not yet been fully investigated.  In one-
plioton vuv absorption spectrum, Ogawa and Ogawa identilicd the npo
series converging o the ground state of CO* jon and scveral other
Rydberg states of low principal quantum number, bul the analysis of the
rotational structure is atiempted only up 4p state. Other groups have
also performed the observation of Rydberg states but of only low
principal quantum number (n g 5).

For the detailed study of the congested high Rydbery states, it is
necessary 1o simplily the spectrum as possible as we can.  Figure ]
shows the cxcitation scheme in the present experiment.  The first laser
light(v;) excites the jet-cooled CO to the Alr(v=4) state by two-photon
absorption. Sccond lascr light(vy) pumps
the A statc molecules to a single rotational Enorgy {em*)

e

level of the sccond intermediale state, 3so 113029.7 ~——vs}

aulgwonizalion

axare

Ip :
BIg+ (val) or 3puCIZ+ (val). Third lascr vs/ Capa'z® ]
light(va) furlhcrpcxcilcs(fronz the B(or C) 0000 \m.) é
state to high Rydberg stales converging to 40000 — , ) 3
the jonic stale X2Z* with vibsational level \ ? fons 3
of v=1, Four Rydberg scries(ns, np, nd and . k
nf) of v=1 level were clearly identified and 5
their rotational structures will be presented. 3
We also obscrved snomalous feature of the ‘% ﬁ
rotational struclure in the spectra of the \ f“
np-states and this feature can be cxplained 20000 ——= 2% %
as due to the admixture of several orbital :
characiers in the B and C stales, 0 320 fé

Figure 1 h
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REACTIONS OF ORGANIC AND INORGANIC CLUSTERS WITH METAL IONS AS STUDIED BY

. LASER ABLATION-~MOLECULAR BEAM METHOD

lliroyasu_Sato, Hisanori Shinchara, Makoto Kobayashi, Hiroshi Higashide and
Takaaki Kaya

Dept. of Chem. for Materials, Fac. of Eng., Mi'e Univ., Tsu 514 {(Japan)

! In the laser ablation-molecular beam method developed by the authors,
metal jons lasur-ablated from metal surfaces are allowed to react with
inorganic, organic or organometallic molecules (and/or culsters) in a
molecular beam injected nearby, A variety of novel product ions are formed,

) as prohed by a quadrupole spectrophotometer. The present lecture addresses

! the reactions of metal ions with either of inorganic (ammonia) or organic
(benzenefl’cluaters in the molecular beam. In the former case, either of

clustered complex ions H*(NIIJ)n or fraghent complex ions M*(Nu)m(NHJ) re

a
formed depending on the identity of metal ions, Elimination of Hy (o: 2t)
occurs in the ions of the latter type. For benzene clusters, either of
clustered complex ions M*(cﬁnﬁ)n or fragment complex fons "+(°6“s’(°x“v)
are obtained depending on the identity of metals, Elimination of "y {or 21)

or small hydrocarbon molecules occurs in this case in the formation of

fragment complex ions. Mechanisms of formation of these ions are discussed,

' Table 1. Clustered complex ions observed for M* + (NN3), reactions

M (NHy ) -type | MY(NH),(NH3) ,~type Mn' (N3 ) ~type
Mg  n<20 it rit(nig)y,, n=2-18 sh¥(Nii3),, n=1-6
amt 20 TiINH{NII3),, n=0-3 Sby*Nily
cet 19 vt VRN, nel-19
Ty 10 A
Fat 18 Nt NBY (NI ),, ne2-14
cot 14 NN (NNS) ., n=0-2
Nt 18 Nb¥ (NH) 5 (Nil3),, n=0,1
cut 15 Tat  Tat(NH3),, n=2-6
Agt 13 Ta*NH(NIT3)y, n=0-6
it 15 rat (NH)3(NH3),, 1=0,1
Tat(N),

(1) Briefly reported in: M, Higashide, T. Kaya, M. Kobayashi, 1, Shinohara
and i1, Salo, Chem, Phys, Lett,, 171, 297 (1990),
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CREUSAGE DE TROUS SPECTRAUX DANS LA FLUORFSCENCE
DE DERIVES ANTIIRACENIQUES EN JET S'JI'ERSONIQUI":

Jerzy SEPIOL and Frangoise LATIMANI
Laboratoire de Photophysique Moléculaire, CNRS
Université de Paris-Sud, 91405 ORSAY Cedex (France)

Une technique pompe-sonde de creusage de trous spectraux (hole burning) dans les
molécules et les comploxes refroidis en jot supersonique, développée récemment(li2) o &4
appliquée avec succeés & quelques dérivés de l'anthracéne, Cette technique exploite e fait que
sculement une partic des espéces présentes dans le jet et qul sont excitées électroniquement par une
impulsion laser pompe, retourne rapidement & I'état fondamental initial. La diminution de ia
population de I'état fondamental de 1'espéce sélectionnée par le laser pompe apparait comme un trou
dans le signal de fluorescence résultant de I'excitation de la m&me espéce par le laser sonde retardé
dans le temps,

we 9-mothoxyanthracéne (A-O-CH,), ses complexes avee des alcools ct le bis 9-unthryl (A-
0-Cl1,-0-A) ont &té é&tudiés, L'existencs do différents isoméres a é&té démontrée pour les
complexes do A-O-Cll5 avec lesalcools. Dans le cas du bi-anthryl A-O-Cl,-0-A, il a été montré
que la structuré vibronique compliquée apparaissant & Porigine du specire d'excitation de la
fluorescence appartenait & un scul conformére. De plus, alors que le spectre d'excitation de la
fluorescence ne présente plus de structure 4 150 cm=? au-dessus de {'origine, la transition
vibronique caractéristique du noyau anthracénique & 385 cm=? a éé détectée par cette technique.
Cette observation montre qu'un processus photochimique rapide a cu licu pour cette faible énergic
en excés, Ces résullats montrent que cette technique peut étre appliquée 4 la spectroscopie sélective
d'isoméres et & I'étude d'états supéricurs non fluorescents,

(1) R.J, Lipert and S.D. Colson, J, Phys. Chem, 93 (1989) 3894
(2) S.A. Wittmeyer and M.R, Topp, Chem, Phys. Letters 163 (1989) 261,
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SPECTRAL HOLE BURNING OF ANTHRACENE DERIVATIVES IN A SUPERSONIC JET

Jerzy SEPIOL and Francolse LAIIMANI
Laboratoire de Photophysique Moléculaire, CNRS
Université de Paris-Sud, 91405 ORSAY Cedex (France),

The pump-probe teshnique of spectral hole burning in jet cooled molecules and complexes
developed recemly(l +2) has been applied successfully to some anthracene derivatives, The
technique exploits the fact that, only a part of clectronically excited molecules (by pumping pulse)
in a jet relax fast back to the initial ground state. A depletion of the ground state population is seen

as n dip in the {luorescence signal resulting from the excitation of the selected species by the
delayed probe pulse.

The 9-methoxyanthracene (A-O-Cll,), its complexes with alcohols and the bis-9-anthryl
(A-0-Cli,-0-A) were investignted. The existence of different isomers for coniplexes between A=~
0-ClIl, and alcohols has been proved, For A-O-CHl,-O-A it was shown that the complicated
vibronic pattern of the fluorescence excitation spectrum near origin, belongs only to the one
conformeric species. While the vibrational pattern of the fluorescence excitation spectrum
disappears at about 150 ecm~? above the origin, the characteristic vibrational transition of
anthracene ring at about 385 cm™? was detected by spectral hole burning. This observation shows
that a fast photochemical process occurs nlrendy for this small excess of energy. These results show

that this technique, besides being isomer sclective, allows to investigate higher non fluorescing
electronic states,

(1) R.J, Lipert and 8.D, ‘Colson, J. Phys, Chem, 93 (1989) 3894
(2) S.A. Wittmeyer and M.R, Topp, chem. Phys, Letters 163 (1989) 263.
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EXCIPLEX FORMATION IN VAN DER WAALS COMPLEXES
Lliroyuki Saigusa and Edward C. Lim

Knight Chemical Laboratory, The University of Akron, Akron, Ohio
44325-3601, USA

An excited molecular complex of definite stoichiometry, which is
dissociated in the ground state, is described as an exciplex, The excited-
state wavefunction of a 1:1 cxciplex formed between two molecules M,
and M2z can be expressed by

v =adh(M*M32) + bO(M M2*) + ch(M"Mat)+ db(M*M2).

In this paper, we present the observation of the following three
types of exciplexes formed in supersonic jets, In ull cases, the exciplex
formation tukes place upon excitation of a van der Wauls (vdW)
complex formed by M; and M; into its locally cxcited state.

(1) Excimer formed by two identical molecules: kal=ibl and Icl=Kll.

The excimer formation has been observed through excitation of the
vdW dimer of fluorenc (Cysllyp).! The initially excited vdW-dimer state
cxhibits congested spectral featurcs arising from exciton-phonon
coupling.

(2) Exciplex formed by two similar molecules: kl=ib! and ici=ld!,

The exciplexes formed between Ciallp und Cyj3Dyp?2 and between
Cisllio and 1,2,4,5-tetrachlorobenzened are of this type. It has been
found that the cfficicncy of the exciplex formation is dependent on the
cnergy gap in the S; state between Mj;and Mgj, suggesting the
importance of exciton resonance interaction in the stabilization of the
exciplex state (i.e. tal, bl >> Icl, Id1).

(3) Exciplex formed between a molecule with a large electron affinity
and a molecule with a low ionization potential: ki, bl << ki, kI,

The charge-transfer complexes can be formed by exciting the vdW
systems of I-cyanonaphthalenc M; with aliphatic amines My (i.e. Ici>>
1d1).4 The cfficiency is markedly dependent both on the ionization
potentials of the amines and on the excess vibrational energy in the
initially excited vdW statc (M;*-M3).

1. J. Phys. Chem., 95, 2364 (1991). 2, J. Phys. Chem., 95, 1195, (1991).
3. J. Phys. Chem,, 94, 2636 (1990). 4. J. Phys. Chem,, in press.
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PROTON TUNNELING IN THE Sy STATES OF TROPOLONE DERIVATIVES

Hiroshi Sekiya, Yukio Wishimura,

Akira Mori, and liftoshi Takeshita

Institute of Advanced Material Study, Ryushu University,

Kasuga-shi, Fukuoka 816 (Japan)

The {luorescence excitation (FE)} spectra have been
measured for jet-cooled 3-chlorotrvopolone {3CTR), 3-
bromotropolone (IBTR), and 3-isopropyltropolone in the 51-8p
region to invesitigate tl« intramolecular hydrogen bonds.

The 0: and 0_ transitions have been detected in the FE
spectrum of 3CTR, suggesting that the double-minimum
potential functions are almost symmetric in the S5 and 5,
stales of 3CTR as it is the case Lor Lropolone (TRN). The
tunneling doublet separations for 3CIR-h and 3CTR-d have been
determined to be 23 and 3 cm"? respectively. In contrast,
only one electronic origin band has been detected in the FE
spectrum of 3BTR. This implies that the proton is localized
in one well. oOn the other hand, the 0% and 0~ functions have
been found to be partially localized in one well in 3IPT.
These findings suggest that the steric repulsion between the

0 atom and the substituent deforws the molecular structure,

and Lends to localize the proton in 3BYTR and 3IPT.

0. H\o Q/H 0 3CTR: R=Cl
InTR: =Uf( )
e 31p1r:  =CH{CH
R = i TRN @ =l 32
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OBSERVATION DES  AGREGATS  HOMOGENES DOUBLEMENT CHARGES  DE
PARA_DIFLUOROBENZENE

S. Martrenchard, V. Brenner*, C. Jouvet, C. Lardeux-Dedonder, Ph.
Millie", D. Solgadi

Lab, Photophysique Moléculalre, CNRS, Université Paris-Sud

91405 Orsay (France).

¥DRECAM/SPER, CEN saclay, 91191,Gif sur Yvette

Dans la plupart des observations d’agrégats van der Waals
doublement chargés (H:+)1"3, la stabilité de ces espéces est
expliquée par un mod2le, proposé par Echt et a1(4), basé sur
1l’approximation de la goutte liquide: ces agrégats sont stables si
leur taille atteint une taille critique ol la cohéslon assurée par
les forces de van der Waals est plus grande que la répulsion
Coulombienne. Un exemple clair d’un tel systéme est le cas des
agrégats doublement chargés de benzéne2 qui sont stables pour n>19

Aprés irradiation A& 260nm, la double ionisation des agrégats
de para difluorobenzene (PDFB) formés en Jjet supersonique
(PDFBn++) est observée pour nz3:

La comparaison de la stabilité des agrégats de benzéne et de
PDFB, calculée en utilisant des méthodes semi-empiriquess, montre
que:

-Dans (PDFB++)3 il y a une barriére de 1.8 Kcal A la
dissociation en PDFBY + PDFS-PDFB+, donc l’espéce est métastable.

~Dans le benzéne:+ cette barridre existe pour nzs,

~-Les différences observées dans 1la stabilité (n=19 pour
benzéneK* et n=3 for PDFB;+) sont expliquées par les processus de
formation.

1 T.D. M&rk, Int. J., Mass Spectrom. Ion Proc. 29, 1 (1987) and
references therein

2 M.Y. Hahn, K.E. Schriver, R.L. Whetten, J. Chem. Phys., 88,
4242 (1968)

3 W.R. Peifer, J. F. Garvey, J. Chem. ~Phys., 91, 1940 (1989)

4 O. Echt, D. Kreisle, E. Recknagel, Phys. Rev. A, 38, 3236
(1988)

5 P. Claverie, in Intermolecular Interactions (B. Pullman ed.)
Wiley, New York (1978)

B P

S S A e anb s A n

IR MR 1k oA A 3




[-26
UBSCRVATION O VERY SMALL DOUBLY CHARGED }IOMOGENEOUS
PARA_DIFLUOROBENZENC CLUSTERS

S. Martrenchard, V. Brenner*, C. Jouvet, C. Lardeux-Dedonder, Ph.
Millie", D. solgadi

Lab. Fliotophysique Moléculaire, CNRS, Université Paris-sud

91405 Orsay (France),

"DRECAM/SPER, CEN saclay, 91191,Gif sur Yvette

In most experimental observations of doubly charged van der
Waals clusters (M;+)1-3, the stabllity of these species was
explained by & model, proposed by Echt et a1(4), based on the
liquid-drop approximation: the doubly charded cluster ions are
stable if their size reaches a critical value where the cohesive
forces of solvation overcome the coulombic repulsion: a clear
example2 of such a case is the benzene where the doubly charged
cluster are stable for nz19.

Double ionization of para difluorobenzene (PDFB) has been
observed following irradiation of a supersonic cluster beam at 260
nm. PDFBn+* are observed for nz3: the anomalously small critical
size for stability cannot be explained by a simple liquid-drop
model.

The comparison of the stability of these benzene and
PDFB doubly charged, using semi empirical methodss, shows that:

-1n pOFB'Y there is a barrier of 1.8 Kcal to the dissociation
in poFB*+ PDFB—PDFB+, therefore this species is metastable.

~In benzene++ such a barrier exists for n25.

The differences observed in stability (n=19 for benzene and
n=3 for PDFB++) are explained by the formation process in the
optical excitation.

++

1 T.D. Mdrk, Int. J. Mass Spectrom. lIon Proc. 792, 1 (1987) and
references therein

2 M.Y. Hahn, K.E. Schriver, R.L. Whetten, J. Chem. Phys., 88,
4242 (1988)

3 W.R, Peifer, J. F. Garvey, J. Chem. Phys., 921, 1940 (1989)

4 0. Echt, D. Kreisle, E. Recknagel, Phys. Rev. A, 318, 3236
(1988)

5 P. Claverie, in Intermolecular Interactions (B. Pullman ed.)
Wiley, New York (1978)
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INTRACLUSTER ION-MOLECULE REACTIONS WITHIN
THE PHOTOIONIZED VAN DER WAALS COMPLEXES

Toshihiko MAEYAMA and Naohiko MIKAML

Department  of Chemistry, Faculty of Science, Tohoku University,
Aramaki Aoba-ku, Sendai 980 (Japan)

Intracluster ion-molecule reactions of the photoionized van der
Waals complexes of CglsF with NHj and with H20 have been investigated
by means of two-color multiphoton ionization spectroscopy in
combination with mass spectrometry.  Two dilferent intraclusier
reactions of CgllsF-NH3, the substitution reaction yiclding CgllsNiia* and
the dissociation yiclding CellsFt, were induced by the selective
photoionization ol different isomers of the complexes.  lonization
threshold spectra of the complexes and appearance energics of the
reaction products were observed.  Energetics ol the reactions was
discussed on the basis of (he experimental results and of the caleulated
geometries of the isomers. It was concluded that the nucleophilic
substitution reaction is responsible for the CgllsNIla* production, Isomer
dependent reactions occurring within the 1120 complexes were also
presented and their energeties was discussed in relation to a barrier

“height 1o the substitution reaction.

References

(1) T. Macyama and N. Mikami, J. Phys. Chem. 1991, in press.

(2) T. Macyama and N. Mikami, J, Phys. Chem, 1990, 94, 6973.

(3) T. Macyama and N. Mikami, J. Am. Chem. Soc, 1988,110, 7238,
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Structure et réactivité des agrégats paradifluorobenzene-cau
dans une expansion supersonique

S. Hartrenchard*, C. Jouvet, C. Lardeux-Dedonder, D. Solgadi
Laboratoire de Photophysique Moléculaire du C.N.R.S
Bat. 213 Université pParis-sud 91405 Orsay (France).

Les agrégats para difluorobenzene-eau ( PDFB(uzo)n )
produits en jet supersonique ont été étudiés par ionisation & deux
couleurs et deux photons et détectés par spectrométrie de masse A
tenps de vol.

Les spectres d’excitation de PDFB(Hzo)n_1'4ont até
obtenus. Le spectre de PDFB.HZO présente des bandes attribuées A
la fragmentation de PDFB(Hzo)z. Cette fragmentation a lieu dans
les agrégats ionisés. L’énergie d’ionisation de ces agrégats a été
déterminde. La fragmentation de PDFB.llzo+ a été également étudide.
L’énergétique de ces dissociations en fonction de 1’excds
d’énergie a été déterminée. De ces résultats, 1l apparait que
1’édnergie de liaison de PDFB...(HZO)n est environ de 1200 cm™t a
1¢/état fondamental.

L’étude des spectres de masse de ces agrédgats révéle un
autre fait important: les ions correspondant a du fluorophenol
hydraté ont été détectés et sont dids & une substitution
nucléophile intra-agrégats d‘un fluor de PDFB par un groupement
~OH. Nos résultats montrent que cette reaction a 1lieu dans
PDFB(HZO)n+ ionisé et seulement quand nz3

PDFB(H,0) . *~=-> Fphenol(#,0) .1 + H,0 + WF

Comnme proposé par B, Brutschy un mécanisme possible de
réaction serait le suivant: aprads transfert d’un électron libre de
l’oxygéne de l’eau au systéme n de PDFB+, une des premidres étapes
de la réaction de substitution dans l’agrégat consisterait en un
transfert de proton aux aqgrégats d’eau avec formation d’un
complexe o intermédiaire suivi d’un réarrangement conduisant au
fluorophenol avec perte d’eau et HF. Cette réaction intra-agrégat
semble dépendre de 1l’affinité protonique de 1l’agrégat d’eau
associé a PDFB.
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SIRUCTURE  AND  REACTIVITY OF  PARADIFLUOROBENZCNE-=WATER  CLUSTERS  IN
A SUPCRSONIC EXPANSION

S. Martrenchard*, C. Jouvet, C. Lardeux-Dedonder, D. Solgadi
Laboratoire de Photophysique Moléculaire du C,N.R.S
Bat., 213 Université Paris-Sud 91405 Orsay (France).

para difluorobenzene-water clusters ( PDFB(HZO)n )
produced in a supersonic expansion have been studied via two-color
two-photon ionization and detected by time of flight mass
spectrometry.

Excitation spectra of PDFB(HZO)n have been recorded for
n=1-4,. The PDFB.H20 spectrum shows bands which can be clearly
attributed to a fragmentation of PDFB(Hzo)z. This fragmentation
has been shown to occur in the jonic cluster. The ionization
energies of these clusters have been measured by two color
experiments. In the same way we have studied the fragmentation of
PDFB.H20+. The energetic of these dissociations as a function of
the excess of energy has been determined. From these data it
appears that the binding energy of PDFB...(HZO)n lies around 1200
en™! in the ground state.

The study of the mass spectra of these clusters teveais
another very important feature: the ions corresponding to hydrated
fluorophenol have been detected and are due to an intracluster
nucleophilic substitution of one fluorine atom of PDFB by an =~OH
group. Our results show that this reaction occurs in the ionized
POFB(1,0) * only when nz3: '

PDFB(11,0) ., *~--> Fphenol(n,0) 1 + 11,0 + HF ,

As proposed by B. Brutschy a possible mechanism of
reaction would be the following: after an electron transfer from
the lone pair orbital of oxygen of water to the n system of poFB*;
one of the first steps of the substitution reaction in the cluster
would consist in a proton transfer to the water clusters with
formation of a o intermediate complex followed by a rcarrangement
of this species leading to the fluorophenol with loss of water and
HF. This intracluster recaction seems to depend on the proton
affinity of the cluster of water associated to PDFB,

|
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van der Waals Clusler and Excimer Formations in Jetl-Cooled

1-Cyanonaphthalene and Methyl-Substituted l-Cyanonaphthalenes

Michiya Itoh,* Miki Takamatsu, Noriyuki Kizu.
and Yoshihisa Fujiwara

The fluorescence excitation and MPI 10Ff mass spectra of
l=-cyanonaphthalene and methyl-subshltuped l-cyanonaphthalenes
in supersonic expansion indicate the van der Wnals dimer,
trimer and cluster (n > 3) formation. The excitation of the
main cluster bands shows the large SLokes shifted excimer
[luorescence (Amax 410-430 nm, T= 2140 ns), while only uv
resonance [{luorescence was observed in the excitationa of the
dimer and trimer bands, whose structures of dimer and trimer
were suggested to be coplanar with CN groups facing each other.
From vapor pressure dependence of Lhe fluoreacence intensity,
Lhe size of cluster exhibiting Lhe excimer [luorescence was
suggested Lo be n = 4 or 6 as the most plausible candidate.
Similar excimer fluorescence was observed in the excitation of
Lhe ground-stale dimer generaled in the rigid glassy 3-methyl-
pentane solution at 77K and also of polycrystals of these
compounds., The x-ray crystallography of l-cyano-2~methyl-
naphthalene indicates of partially overlapped n-electron
systems wilh a head-Lo-Lail configuration in a single crystal.
Therefore, the fourth/fifth molecule may be overlaid on the
coplanar structure of the dimer/trimer so that the full or

parlially overlap of Lhe m-electron systems leads to the exci-

mer fluorescence.
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PHOTOPHYSICS AND PHOTOCHEMICAL DYNAMICS OF
BENZENE AND ITS CHLORINATED DERIVATIVES

Teljiro Ichimura, ilisanori Shinohara', Fuminori Misnizu'.
Kazuhiko Ohoshi* and Nobuyuki Nishi'.

Department of Chemistry, Tokyo Institute of Technology,
Ohokayama, Meguro, Tokyo, 152, Japan,
*Institute for Moleculsr Science, Myodaiji, Okazuki, 444, Japan,

Denzenc molecules in a supersonic jet were photojonized using a
tunable(233-262 nm) pulsed dye laser, and the resonance-enhanced two-
photon ionization(RE2PI) processes of the S state were investigated by
time~-of-f1light(TOF) mass-spectrometric technique, Without further
fragmentation of c6“6+ ions under low power (<20 yJ/pulse) laser
irradiation high-resolution excitation spectra of the parent fon have
been measured for the 6} 17 progression(n=0,1,2,3), The relative
photoionization intensity determined from the excitation spectra and the
corresponding Sy absorption spectra suddenly dropped at the onset of the
third channel band, 6! 13, For the wavelength region 241,5 - 243,1 om,
covering the two specific vibronic bands, 6! 13 and 71. similar
experiments have been corried out under cold beam conditions. The
relative ion intensity for the 7! band was found to be much higher than
that of the 6! 13 land and to be even more than twice as large as that
of the 61 12 band, Excitation of the rotationally resolved 6! 13 or
6! 12 band under carefully controlled low laser powers has revealed the
fact that the relative intensity of the 6! 13 band(above 3rd channel) to -
that of the 6! 12 band(below 3rd chennel) decreases with decreasing the
excitation laser power, confirming the idea that the ionizing process is
competing with the nonradiative relaxation processes at the resonant
state. Two-color RE2PI excitation with the pumping()l) and
electricolly delayed probing(A;=272.0 nm) lasers has given population
decay rates of vibronic states longer than 20 ns. Excitetion spectra of
the parent ion with scanning A1(241-248 nm) and the optically
deloyed(2.8 ns and B.0 ns) fixed wavelength of ), hove been observed,
Relative populstion yield at the deloy time of 8.0 ns for the 63
vibronic state agreed with the relative fluorescence yield for the same
excitotion, The observed population decay rates of short life
components are also in good agreement with previously reported
fluorescence lifetimes.

We have applied the similar method to investigste photocliemical
dynomics of chlorotoluene, which will Le presented too.

St 'l%&{g‘é‘\w&iwf: e




I e e P P, -

1-31

Jet Speclroscopy of lenzy! and ucnzyl-a-d2
Masaru Fukunhlma‘ and Kinfehi Obi

Department of Chemlsiry, Tokyo Institute of Technology,

Ohokayama, Megure, Tokyo 162, Japan

Benzyl and bcnzyl-a-d2 radicals are produced by the Arl' laser ¢
193 nm ) photulysin of benzylchlortde and bcnzylchlorldc-(t-dz.
respeclively, {n a supersonic free jet, The spectiroscopy of (hese
rudlcals 18 atudied by means of the LIF method.  Mecasured LIF
excltation speelra show vibrallonally well resolved structure, bul with
unusual fealure. The vibronic bands have hecn assigned from the SVL
dliperased spectrum for cach vibronie bund excilallon. The symmelries
aof pure electronic and vibronic levels In the Dl stale have been
delermined by transition band {ypes derlved from rotatlonal analysis of
high reselution LIF excitation specira.  The intensity anormaly of the
vibronfc bands in the excltation spectra fs Interpreled as the breakdown
of the accldenlul forbiddencass, which characterized the Dl - D° and D2 -

Do clectronic \ransitions of benzyl,

'Prencnl address @ Advanced Technology Ilescarch Center,

Mitsubishi lleavy Induatry, Yokohama 236, Japon.
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ELECTRONIC SPECTRA OF FLUOROBENZENE CATIONS
AS STUDIED BY MASS-SELECYED ION DIP SPECTROSCOPY

Masnaki FULE, Yuko TSUCHIYA and Mitsuo ITO
Department of Chemistry, Faculty of Science, Tohoku Uriversity, Sendai 980, JAPAN

The clectronic spectra of benzene cation and ils fluorine substituted cations were
observed by mass-selected ion dip spectroscopy in a supersonic jet. Bricfly, the cations were
prepared by two-color resonant-enhanced multiphoton lonization (REMPI) of the jet-cooled
ncutral molecule via a particular vibronic level in the Sy state (Fig.1). By selecting the
vibronic level and the laser frequencies, the electronic ground state cation in a selected
vibrational level can be produced, The state-selected cations are excited by another tunable
laser light (v3) lo an electronic exclied state, where the parent cation dissociates dircetly or
indirecily to fragmented species. The electronic transition was detected as a dip of the mass-
sclected ion signal of the parent cation, A similar spectrum can be obtained when the jon
signal of the fragment is monitored.

We applicd this spectroscopy (called mass-selccted fon dip spectroscopy) to benzene
cation, monofluorobenzene cation, o-, m-, and p-difluorobenzene cations and 1,3,5-
trifluorobenzene cation in supersonic jets, All the observed spectm were assigned to the
clectronic transition from the ground state Dy to the 71w excited state. The spectra of benzene
cation and monofluorobenzenc cation were broad and structureless, while difluorobenzene
cations and trifluorobenzene cation Dissociation
showed well-resolved strucwures, The
vibrational structures observed for
difluorobenzenes and trifluorobenzenc
cations indicated an cxtensive
vibrovic coupling between thc fow-
lying clectronic cxcited states,

(V7

lon current of

suggesting an imporiant role of the parent cation

vibronic coupling in determining the
emissive property of the cation,
Based on the observed results, we
discuss the emissive property in tenns

necutral
of the vibronic coupling among the Fig.1 Sclmatic diagram showing the principal of
low-lying elcctronic states. the mass-sclected ion dip spectroscopy.
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Solvatation de Hg, , par des agrégats de nna, o(cna)z,
[
et 1,0

2
C. Lardeux-Dedonder, C. Jouvet, S. Martrenchard,
D. Solgadi and A. Tramer

Laboratoire de Photophysique Moléculaire du C.N.R.S.
bdt 213 -~ Université Paris Sud - 91405 Orsay Cédex

Le potentiel d’‘ionisation de nombreux agrégats
métalliques diminue lorsque leur taille augmente. Cependant,
dans certains cas, comme les agrégats d'argent,en solution
dans l’eau, un comportement inverse est observé

Les potentiels d’ionisation de Hg and Hg, solvatés par
NH, ou le dimethylether (DME), obtenus en jet supersonique
ont été mesurés par ionisation a deux photons:

- pour les agrégats Hg(NHJ)n, le potentiel d’ionisation
décroit avec n; de plus, le potentiel d’ionisation de
ng(NHS)n est supérieur a celui de Hg(NHa)n.

- A l’inverse, le dimére Hg, est plus stabilisé par
le DME que par NH, et les énergies d’ionisation de Hg(DHE)n

sont plus grandes que celles de ng(DME)n.

1o e - . ‘ :
(Hg - (NH;) )
wo b N i S
r N, ) variation du seuil
%290 | °"':f?~uo., i d’ ionisation en fonction
e N T i s du nombre de molécules
e “vee... T 1 .
g 80 | '.--...,..“_5?:;;:-«%.{,),"1’ﬁ de solvant: Hg(NH;), ¢
L Hg (N4 ), &
4.5 T
s ) ' n ' ' | L
0 ! ? 3 2 5 6

NUMBER OF AMMONIA

A partir de la spectroscopie des états intermédiaires
et des mécanismes de fragmentation, on peut obtenir des
informations sur la structure de ces agrégats.
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Solvation of llg1 2 by clusters of Nus, 0(cu3)2, and uzo
’

C. Lardeux-Dedonder, C. Jouvet, S, Martrenchard,
D. Solgadi and A. Tramer

Laboratoire de Photophysique Moléculaire du C.N.R.S.
bdt 213 - Université Paris Sud - 91405 Orsay Cédex

The Jonisation potentials of many metallic clusters
decrease as the size increases. Howevaer, in some cases,
solvated clusters, for example Ag,. show an opposite
behaviour.

Ionisation energles of Ilig and g, solvated by Niy,
dimethylether (DME), obtained in a supersonic expansion have
been measured through raesonance enhanced two photon
fonisation:

-~ for ammonla clusters of lig, this energy decreases and
is allways smaller than for "92("“3’n‘

- at the opposite, the Hg, dimer has been shown to be
more stabilized by DME than by Ni, and the ilonisation
energies of nq(DME)n are greater than those of Ngz(DME)n.

1.0 e - —— e
lH;- (Nl!,)m)
0ol % A
A
4 ‘\‘
590 i e‘.‘.‘,c““') | VYariation of the Jionisation
B .. “0“"°"“o-u.o energy threshold as a fonction
g‘ﬁ i .’M.Q~”“’“.J“%-m“ﬂJa of the number of solvent
] Thene-e J molecules: ¢ Hg(NHl, )
- e
s T O Hg,(Ni, n
3.5 1 I 1 1 " i L

0 | 5 6

M 1
NUMAER OF AMMONIA
Structural informations on these clusters (with

ammonia, DME or water) can bhe drawn from the spectroscopy
of the excited states and the fragmentation patterns in the

ionic status.
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NO Azz" CHEMILUMINESCENCE PRODUCED FROM 'UHE REACTION OF
N()z* WITH TRIPLET STATE ORGANIC MOLECULES
{ Wade Sisk, Hiromu Endo, Kazuhlko Shibuya, and Kinlehi Obi

flepartment of Chemislry, Tokyo Institute of ‘Technology

Ohokayama, Meguro, Tokyo {52, Japan

An N02/R mixture, where R is acelylene (Ac), melhylacelylene
(MeAc), ethylacelylene (ELAc), phenylacelylene (PhAc), or benzene
(Ph), was excilted via visible multipholon absorption resulling in
NO(A22+) chemiluminescence. The relalive officlency of NO(AZX+)
production from Lhe NOg/R mixture was delermined., The trend of
NO(AZZI") production in order of decreasing efficiency is Ac >
MeAe > EtAce > PhAe > Phe Based on Lhe laser powoer dependence of
NO(A22+) chemiluminesconce, Lhe pressure-dependent varintion, and
chemilumines-

encrgelic  consideralions, a triplet mechanism for

cence is sugpested.

NO, + hy = NO,Y
N0y R b nhy = R¥(Lriplet) 1 NO,
N0, 1 R (Lriplen) o> NO(AZRY) 4 RO

NO(AZRH) = NO ¢ hvy (7 ~band)

in order Lo reconcile Lthe present investigalion wilh Lthe  Lriplel
mechanism we concluded Lhal a significant fraction of Lhe excited

state  NOy moleculos (NUZ*) must remain in a nonradintive  colli-

sion=resistant exciled stale for a gipnilfican) period of Lime,
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Two-Photon Chemistry of Azoalkancs in the Laser Jet:
Photochemical Transformations of 1,3-Cyclopentadiyl
Triplet Diradicals by Triplet Benzophenonc

Ralf Finzel, Waldemar Adam
Institute of Organic Chemistry, University of Wiirzburg, Am iubland,
W-8700 Witrzburg, Germany

The triplet-sensitized nitrogen extrusion of azoalkane 1 was cxamined in
the laser jet. Under lamp irradiation only bicyclopentane (2) was formed,
whereas in the laser jet cyclopentene (3) and considerable amounts of
dimers were found. The formation of the dimers is duc to the high
stationary concentration (micromolar) of the triplet diradical T-4.

The amount of cyclopentene (3) depended on the ratio of concentrations
of benzophenone to azoalkane 1, i.e. more rearrangement was observed at
higher ratios. This suggested the existence of a sccond photochemical
step in the pathway to cyclopentene (3).

The dependence of the lifetime of the triplet diyl T-4 on the cylopentene
yield could be demonstrated by using differently substituted azoalkancs.
The longer the lifetime of the triplet diyl T-4, the higher the yield of
cyclopentenc,

Since the formation of cyclopentene (1,2-II-shift) in the photoinduced
clectron transfer reaction of azoalkanes 1 derives [rom the radical cation
5, this specles Is presumably also involved in the benzophenone-
scnsitized photolysis of the laser jet experiment (Scheme 1). The first

Scheme 1 g::;;l:
c“":. PhyCoO

£

Ph,co® Ph,co Phyco®  Phycor

74 - Ny .
, T4 s
‘ Isc
photolysis
mic rel, yields (%) of products l @e l
2 3 Dimers
Lascr Jet 45 10 45
Lamp >99 <l ] Q
N 3

benzophenone triplet acts as sensitizer by energy transfer and the second
as an clectron acceptor by electron transfer; the overall photo-
transformation thereby constitutes a two-photon process.
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RELAXATION RADIATIVE ET REACTIVITE I’IONS MOLLECULAIRES
DE LONGUE DUREE DE VI
S. Jullien, M. Heninger, S. Fenisteln, J. Lemaire, R, Marx et G. Mauclalre
Laboratoire de Physico-Chimie des Rayonnements
CNRS-Unlversité Paris-Sud, 91105 ORSAY, France,

Les durées de vie radiatives d'lons vibrationnellement excités ou dans des états
dlectroniques mdétastables ont été détermindes dans un domaine de temps allant de
la milliseconde & la scconde, en utilisant la technique de I'lon moniteur dans un
speetrométre de FTICR b trols étages (1, 2), Les constantes de vitesse et les distributions
en prodult ont égulement été mesurées pour quelques réactions monitrices,

De nouveaux résultats sur Hy07(X,v) avee CO,, NuO et CO comme gaz moniteurs
seront présentds et comparés sux caleuls théorlques.

Les mesures des déclins des lons dlatomiques métastables Ox*utl,v') et
NO*HadE*+ v) (2) seront réoxominédes a la lumiére de récents caleuls ab Initio,

La possibitité d'utiliser la dissociation Induite par colllslon aussl bien que la réactivité,
pour étudier les dtats dlectroniques mdétastables d'lons polyatomiques sera sussi

discutée (3).

! "Radintive refaxation of NO*(X, v=1-4)"
§. Fenistein, M. lleninger, R. Marx, G. Maucluire and Y.M Yanp
Chiem. Phys. Letters, 172 (1990), 89

2 “Rucintive Lifetimes ond Rewctivity of Metastable NOHadY* v} and Oyt latil, w7
R. Marx, Y.M. Yang, G. Mauclaire, M. Heninger and S, Fenlsteln

aceepté par J. Chem., Phys,
3 "On the Lifetime of Eleetronienlly Exeited Acctone Molecular lons”

8. Fenistein, J, Futreell, R, Marx, G, Mauclaire and Y. M. Yanp
Chem, Phys, Letters, 179 (1991, 125
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RADIATIVE RELAXATION AND REACTIVITY OF LONG LIVED
EXCITED STATES OF MOLECULAR IONS
G. Mauclaire, M. Heninger, S. Fenlsteln, 8. Jullien_ and R, Muarx
Laboratolre de Physico-Chimie des Rayonnements
CNRS-Université Paris-Sud, 91405 ORSAY, France,

Radiative lifetimes of vibrationally excited and metastuble clectronic states of
jons, in the millisecond to second range, have been determined using the monitor
jon technique In a specially deviced triple cell FTICR spectrometer (1,2). Rate
constants and product distributions for several monitor reections have also been

measured,

New results on HzO’(X,v) with COz. Nzo and CO us monitors will be presented

and compared to theorctical caleulutions.

‘The measured decay rutes of diatomic metastabie lons Oyut(atil,v)  and
NO*(a3Z*,v') (2) will be rcexaminated in the light of recent ab Initio coalculations.

The possibility to use CID as well as reactivity to study metastable clectronic

states of polyatomic lons will also be discussed (3).

I "Radiative relaxation of NO*(X, v=1-4)"
S. Fenistein, M. Heninger, R, Marx, G. Mauclaire and Y.M. Yang
Chem. Phys. Letters, 172 (1990), 89

2 "Radiutive Lifctimes and Reactivity of Metastable NO* (w32 v) and U;(u"ﬂu.v)"
R. Marx, Y.M. Yang, G. Mauclaire, M. lleninger and 8. Fenistein
accepted by J. Chem. Phys.

3 "On the Lifcetime of Electronicully Excited Acctone Moleculur lons”
S. Fenistein, J. Futreli, M. Heninger, R. Marx , G. Maucluire and Y. M. Yang
Chem., Phys. Letters, 179 (1991), 125
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Comment arriver & la photo-sélectivité des états finaux dans la
réaction Ca*+nx->Cax*(A,B)+n, ou l’utilisation des
complexes de van der Waals en photochimie

A. Keller et J.P, Visticot, DRECAM/SPAM, CEN Saclay, 91191
Gif~-sur-Yvette cedex, France.

S. Abbes et B. Soep, Laboratoire de Photophysique Moléculaire,
Université Paris-Sud, 91405 Orsay, France

Le systéme Ca+HCl est 1’un des rares exemples de réaction simple
en phase gazeuse ol une sélectivité orbitale a pu étre mise en
évidence. Nous avons étudié les réactions d’atomes de calcium
excités avec des molécules HX (X=Cl,Br,F) par l’excitation
dlectonique des complexes Ca~-HX afférents. Les spectres d’action
qui explorent 1la surface réactive font apparaitre plusieurs
configurations électroniques attribuées aux symétries ¥ et 1, A
1’intérieur desquelles une importante structure vibrationnelle a
été arnalysée en termes de modes locaux de ce complexe. Ceci permet
de caractériser 1la surface de potentiel dans sa vallée
d’entrée.

Cette approche A la réactivité permet aussi d’accéder directement
4 la vallée de sortie par 1l’analyse de la distribution de
1l’énergie dans 1les produits, via la dispersion de 1la
chimiluminescence et l’utilisation d’un laser sonde. La molécule
CaX électroniquement excitée se retrouve portée sur un ensemble de
niveaux vibrationnels qui vont Jjusqu’au seuil énergétique de
réaction. Les deux états electroniques A’Nl et B’Z' du produit cax
sont accessibles. l’excitation des différentes configyurations
électroniques du complexe Ca-liBr présentent de grandes variations
quant au branchement vers les états A et B du produit selon la
nature de la configuration excitée. Celles que nous avons
attribuées a la symétrie N aménent davantage de population a
1’état A tandis que la symétrie I conduit plutét vers B. Ceci est
un exemple frappant de la sélectivité réalisable dans une réaction
photochimique induite dans un complexe de van der Waals.
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Final state selectivity as produced in the Cn'4nx—>Cnx*(A,u)ou
reactions through the van der Waals complex excitation

A. Keller and J.P. Visticot, DRECAM/SPAM, CEN Saclay, 91191
Gif-sur-yvette cedex, France.

S. Abbes and DB. Soep, Laboratoire de Photophysique Moléculaire,
Université Paris-sud, 91405 Orsay, France

The Ca+HCl system has been shown in the past as a model for
orbital selectivity in simple gas phase chemical reactions. We
have studied the chemical reactions of excited state calcium with
HX molecules (X=Cl,Br,F) as produced within the electronically
excited states of the Ca~HX complexes. The action spectra scanning
the reaction potential energy surface reveal several electronic
configurations assigned to & and N symmetries and, within these
configurations, extensive vibrational structure, analysed in terms
of the 1local modes of the complex. This allows for the
characterisation of the entrance valley of the reaction, through
the bending and stretching motions of HX with respect to the Ca
atom. If is also observed that the Ca-HX bending has a strong
influence upon the reactivity.

This approach to reactivity also yields a direct access to the
exit valley of the surface through the analysis of the products
internal energy distribution which has been probed by dispersion
of the chemiluminescence and also by a second laser. The
vibrational energy content of the electronically excited caX
product is high and goes up to the energetical threshold. Two
electronic states A’ and B’:L’ are accessible by the reaction. The
excitation of the various electronic configurations of the Ca-HBr
complex shows large variations in the branching ratio to the A or
B state of the product depending upon the nature of the
configuration. cConfigurations that we have assigned to the 1
symmetry, preferentially populate the A state, and conversely for
the I symmetry, the DB state is preferred. This is a striking
example of state selectivity as produged in a phetochemical
reaction
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0, SCHUMANN-RUNGE ABSORPTION BANDS AND CONTINUUM AT
200-320 NM, AND O3 PIIOTODISSOCIATION STUDIES

R. P. Saxon and T, G. Slanger

Molecular Physics Laboratory, SRI International, Menlo Park, CA 94025

It has been proposcd that photodissociation of highly vibrationally-excited Oz in the
B3E;-X3Z; Schumann-Runge bands is a source of ozone in the upper stratosphere. Simul-
tancously, this O2(vib) population could be excited into the continua of the O2(B) and 13[1,
states, providing additional ozone, Laboratory measurements indicate that both discrete and
continuous processes are operative. Calculations of the Schumann-Runge continuum cross
sections have now been carried out for v* = 12-20, spanning the 200-320 nm wavelength
range. The maximum cross sections are in the 1-2 x 10-18 cm? range, with the O(B) state
contributing 2-3 orders of magnitude greater absorption than the 1311, state. For v" = 12, it
is shown that the Schumann-Runge band and continuum cross sections merge smoothly at
250 nm,

In laboratory experiments on ozone photodissociation at 248 nm, the principal absorption
in product O2(vib) involves the Schumann-Runge 2-7 band and Schumann-Runge continuum
absorption from vibrational levels at v = 12 or higher. Although the cross section for line
absorption is much higher than that for the continuum, it is shown that as a result of a variety
of processes and mechanisms, photodissociation yields in the bands and the continuum are
comparable in magnitude, thereby providing consistency with the laboratory observations,

For lincar absorption systemns, such as the terrestrial atmosphere, high v* absorption in the
Schumann-Runge bands should be substantially more important than continuun absorption,
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INTENSITY CURVES OF THE PH(L z'v/=0+x31"vr=0) EMISSION BAND

G. Di Stefano*, M. Lenzi**, G. Piclacchia®, A. Ricci®

* Istituto Metodologie Avanzate Inorganiche, C.N.R.,
P.0. Box 10, 00016 Monterotondo Scalo, Rome, Italy.

+ Area Della Ricerca, C.N.R., Servizio Laser, P.O. Dox 10,
00016 Monterotondo Scalo, Rome, Italy.

Line strengths in emission spectra of electronically
excited diatomic radicals have been the subject of many
theoretical studies and experimental measurements based on
lifetime determinations. On the other hand intensity
measurements are lacking due to the experimental difficulties
in obtaining reliable data to be compared with the behaviors
predicted by the existing models. Spin forbidden transitions
such as PH(bYE*+x3z")(1) have an intensity dependence on
mixed transitions moments leading to longer 1lifetimes in
pulsed experiments and lower emission signals in equilibrium
conditions. Observations of the relative intensity of the
resolved rotational branches in the above transitions as
obtained in an Ar afterglow apparatus is reported as a
function of the rotational numbers N and J., Experimental
conditions, such as microwave intensity and observation
geometry, are very critical in order to obtain workable data
at high rotational numbers after temperature compensation.
Line strengths are an increasing function of the rotational
excitation as expected(z), but the detailed behavior of the
curves reveals peculiarities that deserve major refinements
of the existing literature expressions. Crossing of F, and F,
terms, due to increasing rotation, leads to an exchange of
the mixing coefficients values and the active transition
moments are predominantly characterized by the parallel
component.

(1) G. Di Stefano, M. Lenzi, A. Margani and C. Nguyen Xuan,
J. Chem Phys. 68 3832 (1977).
(2) J. G. Watson, Can., J. of Physics 46 1637 (1968).
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OVERTONE SPECI'ROSCOPY AND OVERTONE INTENSITIES
H.G. Kjaergaardm, J.D. Goddard, A.W. Tarr(z), B.J, Schattka, and B.R. Henry

University of Guelph, Departnient of Chemistry and Biochcmislfy.
Guelph, Ontario, CANADA NIG 2WI

‘The gas phase overtone spectra of propane, acetone, and dimethyl ether have been
measured by near infrared spectroscopy and intracavity dye laser photoacoustic
spectroscopy in the region Avg; =2 - 7. Overtone intensities are caleulated with a
harmonically coupled, anharmonic oscillator local mode model to obtain the vibrational
wavefunctions, and ab initio calculations at the SCF level to obtain the dipole moment
functions. The calculations, which have no adjustable parameters, can account for the
spectral intensitics with regard to their magnitude, their fall-off with increasing v, and
their relative magnitudes within a given vibrational manifold and between molecules.
The culculations are extended to include electron correlation for overtone intensities
in hydrogen peroxide. The results are used to explain the rotationally resolved
overtone spectra of hydrogen peroxide in the region Avgy, =2 -4,

M Current address: Fysisk Institut, Odense Universitet, DK-5230 Odense M,
Denmark

@ Current address: Whiteshell Laboratories, Atomic Energy of Canada Limited
Rescarch Company, Pinawa, Manitoba, Canada, ROE 1L0
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EFFETS ISOTOPIQUES DANS LA DISSOCIATION DES IONS DE DIMETHYL~
ETHER PARTIELLEMENT DEUTERIE CH3j0CD3*

o.putuit (a), T .paer (P), c.Métayer (&) and J.Lemaire (3)

LURE, Laboratoire mixte CNRS, CEA et MEN, BA&t.209D, Centre
Universitaire d'Orsay, 91405-Orsay Cedex (France)
and
(a) Laboratoire de Physicochimie des Rayonnements, B&t.350,
Centre Universitaire d'Orsay, 91405-Orsay Cedex (France)
(b) Department of Chemistry, University of North Carolina,
Chapel Hill, NC 27599 (USA)

On a étudié la dissociation des ions de diméthyl-éther
partiellement deutérié CH30CD3* dans un domaine d‘'énergie de
photons variant de 10,03 eV {potentiel d'ionisation) & 16 eV,
Les ions sont produits par photoionisation avec le rayonnement
synchrotron et sélectionnés en énergie interne par une méthode
de coincidences entre photoélectrons de seuil et photolons.

Jusqu'd 13 eV, les fragments principaux correspondent &
une perte de H ou de D par simple rupture de 1liaison,
Néanmoins, le décalage des seulls de perte de H et de D
indique qu'il existe une faible énergie d'activation pour 1la
réaction inverse, qul vient des énergles de point zéro des
modes de déformation C-X. On en déduit une nouvelle valeur de
161,1 kcal/mole pour DHg°(CiH3OCH2%). Les produits CHa0H? et
CD20D* apparaissent & 11,75 eV, 0,95 eV au-dessus du seuil
thermodynamique, et leur abondance reste faible dans tout le
dcmaine d'énergie étudié. On n'observe pas de mélange des
atomes H et D. Le calcul du diagramme de fragmentation par la
théorie RRKM montre que les fragments CX30X* (X= H ou D) sont
produits avec une barriére de 1,35 eV. On observe un effet
isotopique dans ces deux canaux de dissociation, qui est bien
expliqué par les différences d'énergie de point 2zéro et de
densités d'états calculées par la théorie RRKM. L'analyse
montre que, dans le domaine d'énergie étudié, l'effet tunnel
n'est pas un processus important dans la formation de CHzOH*.
Aux énergies de photon de 15 et 16 eV, les fragments
principaux sont XCO' et CX3* (X= H ou D). On observe un

mélange non statistique des atomes H et D dans CX3*.

Les effets isotopiques observés permettent ainsi
d'obtenir des informations sur les mécanismes de dissoclation
en fonction de l'énergie interne des ions parents,
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I1SOTOPE EFFECTS IN THE DISSOCIATION OF PARTIALLY DEUTERATED
DIMETHYL ETHER, CH3OCD3*% IONS

o.putuit (&), 7.Baer (P), c.Métayer (8) and J.Lemaire ()

LURE, Laboratoire mixte CNRS, CEA et MEN, B&t.209D, Centre
Universitaire d'Orsay, 91405-Orsay Ccdex (France)
and
(a) Laboratoire de Physicochimie des Rayonnements, B&t.350,
Centre Universitaire d'Orsay, 91405-Orsay Cedex (France)
(b) Department of Chemistry, University of North Carolina,
Chapel Hill, NC 27599 (usAh)

The dissociation of partially deuterated dimethyl ether
ions (CH30CD3*) is studied from the ionization potential of
10.03 eV to 16 eV photon energy. Ions are produced by
photoionization with synchrotron radiation and selected in
internal enerqgy by threshold photoelectron-photoion
coincidences.

Up to 13 eV the major fragments correspond to an H or D
atom loss by a simple bond cleavage. However, the shift in the
H and D loss onsets indicates that there is a small reverse
activation energy as a result of the zero point energies in
the C~X deformation modes. A new value for the DHg°(CH30CH2*%)
of 161.1 kcal/mol is derived. The CH20H' and CD20D* products
appear at 11,75 eV, 0.95 eV above their thermochemical onset,
and remain minor fragments in the whole energy range studied.
No scrambling of the H and D atoms is observed. Modeling of
the breakdown graph by RRKM theory indicates that the CX20x*
(X= H or D) fragments are produced via a 1.35 eV barrier. We
observe an isotope effect in both these dissociation channels
which is well explained by zero point energy, and density of
states differences in the framework of the RRKM calculations,
The analysis shows that in the energy range investigated,
tunneling is not an important process in the CH20H* formation.
At 15 and 16 eV photon energy, the main fragments are XCO' and
€x3* (X =H or D). Non statistical scrambling of the hydrogen

atoms in CX3* is observed.

In view of all these isotope effects, the dissociation
mechanisms are discussed as a function of the internal energy
of parent ions,
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Dynamiques de dissociation du Fer Carbonyle-
Nitrosyle excité en couche interne,

M.Simon'.2, M.Lavollée?!, T. Lebrun!:2,M.J. Hubin3,J.Delwiche3 et P,
Morin1,2

(1) LURE, Université Paris-sud 91405 Orsay Cedex
(2) CEA/CEN/DPWhG/SPAM 91191 Gif sur Yvelte Cédex
(3) LSE Université de Lidge Sart Tilman B-4000 Lidge

Depuis psu, l'excitation en couche interne de molécules polyatomiques
est un sujet passionnant en ce qui concerne la chimie sélectivité (1-3). En
eifet, I'idée de rompre sélectivement une liaison chimique repose sur les
localisations du trou interne et des orbilales moléculaires antiliantes de
certaines liaisons chimiques. L'utilisation du rayonnement synchrotron
monochromalisé pour exciter sélectivement un atome en couche interne
s'impose car c'est la seule source de pholon accordable susceplible de
fournir des photons dans cette gamme d'énergie.

) Dynamique de relaxation

L)ous avons étudié Fe(CO)a(NQ)2 en excitant sélectivement le ligand
carbonyle ou le ligand nitrosyle en couche K du carbone ou de l'azote,
Malgré la trés forte localisation des trous formés, les processus de
fragmentation semblent identiques : Les dilférentes voles d'lonisation multiple
sont las mdmes aprds excitation en couche K du carbone ou K de l'azote.
Nous interprétons ces résullats surprenant comme étant di & une trés rapide
raconversion de I'énergle comparée & la dynamique de fragmentation,

{(IhDynamique de {ragmentation

L'analyse détaillée de la corrélation des ions formés en coincidence lors
de ta double ionisation dissociative permet de tirer des informations sur la
séquentialité des phénoménes de fragmentationd, Nous avons pi en
particulier montrer que le modéle de I'dvaporation successive des ligands
s'adapte particulidrement bien au Fer Carbonyie-Nitrosyle doublement jonisé.

1: J. Murakani, M, C, Nelson, S, Andorson, D.M. Hanson J, Chem, Plys, 85,5755,(1986)
2: R. Murphy, W. Eberhardl J. Chom. Phys. 89,4054 ,(1988)

3: W. Habernicht, H. Baiter, K. Muller-Detsihef, E. Schlag, Physica scripta 41,814 (1890)
4: J. H, Eland, Mol. Phys, 61,725 (1987)
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Dissociation dynamics of Core Excited Iron Carbonyl-
Nitrosyl

M.Simon1.2, M.Lavollée!, T. Lebrun1:2,M.J. Hubin3,J.Delwiche3 et P. Morin1.2

(1) LURE, Université Paris-sud 91405 Orsay Cedex
(2) CEAVCEN/DPhG/SPAM 91191 Gif sur Yvelte Cédex
{3) LSE Universilé de Lidge Sart Tiliman B-4000 Liége

Special attention has been paid recently to core excilation of
polyatomic molecule in the quest for selective photochemistry!-3. Indeed
taking advantage of core hole localizalion as well as localization of
antibonding orbitals along a specific chemical bond, the simple idea marged
up to expect a selective fragmentation following inner-shell excitation using
monochromatized synchrotron radiation.

(1) Dynamics of relaxation
Wa have studied Fe(CO)a(NO)o by exciting selectively the carbonyl

ligand or the nitrosyl liganci from K shell of N and C. Despite the very localized
character of the created holes, fragmentation patltern doesn't exibit any site
selectivity : multiple ionization channels do not depend at all on wether the
carbon or nitrogen has been excited. We intarpret this surprising result as due
to a very fast internal energy conversion as compared to fragmentation

dynamics.

(1) Rynamics of fragmentalion

lons issued from dissociative double lonization are detected in
coincidence. A detailed correlation analysis of their kinetic momemtum
reveals information about fragmentation sequentiality4. We were able to show
that the ligand succesiv evaporation model is particularly well adapted to the
double ionized iron carbonyl nitrosyl dissociation.

1:J. Murakani, M. C, Nelson, S. Anderson, D.M. Hanson J. Chem, Phys. 85,5755,(1986)
2: R. Murphy, W. Eberhardt J. Chem. Phys. 89,4054 ,(1988)

3: W. Habernicht, H. Baiter, K. Muller-Delsthel, E, Schlag, Physica scripta 41,814 (1990)
4:J. H. Eland, Mol. Phys. 61,725 (1987)
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PHOTODISSOCIATION DE LA S-TETRAZINE DANS L'ETAT
(S1) : UN PROCESSUS REGI PAR LA GEOMETRIE DE L'ETAT

DE TRANSITION

L_Nahon'2, P, Morin1:3, M. Larzillidre4 and 1. Nenner!3
1) LURE, bat 209d, Univ, Paris-Sud, 91405 ORSAY Cedex, FRANCE
2) X-RS, Parc Club, 28 rue Jean Rostand, 91893 ORSAY Cedex, FRANCE
3) CEA, CEN Saclay, DSM, SPER, 91191 GIF sur YVETTE, FRANCE
4) LPAM, Université Laval, Quabec, QC G1K7P4 CANADA

La photodissociation d'une molécule polyatomique est un processus
photochimique de base, & l'origine de nombreux travaux. Nous voulons ici nous
pencher sur le cas de la s-tétrazine (CaN4H,) qui ast connue depuls le début du
siécle pour se décomposer en trois fragments : 2HCN + Na. Plusieurs études ont eu
pour objet le mécanisme lui-mémei-3, ainsi que la détermination de ceraines
distributions d'énergie vibrationnelle# (N, v, et vz de HCN),

Nous nous proposons icl de reconsidérer ce probléme gréce & une technique
déja utilisée pour ('étude de la photoionisation de liode atomique produil par
dissociation faser de 5,5 et qui consiste & utiliser un laser continu Ar+ pour exciter
I'état (Sy), et & sonder les fragments par Spectroscopy de PhotoElectrons (SPE) a
l'aide du tayonnemaent synchrotron. En enregistrant des SPE a une énergie de
photons de 23 eV, nous avons observé une dissoclation quasi-compléte avec une
puissance laser de 3 W, et, & I'échelle de temps de notre expérience (~100 ns), nous
n‘avons détecté aucun autre fragment qua N, et HCN, ce qui penche en faveur du
mécanisme de triple dissociation conceriée proposé par Zhao ef al.2, De plus, nous
trouvons que 5.4 % des fragments N, sont dans I'élat v=1, et qu'au moins 26 % de
chaque fragment HCN est vibrationneliement excité, surlout dans ie mode de pliage
(n=1 & 6), et probablement trés peu dans le mode d'élongation C-N (n=1). Ces
résuitals ne s'expliquent pas dans un modsle statistique de redistribution de
I'énergie disponible (109.2 kcal/mol), mals sont, en revanche, parfaitement
consistants avec le modale de la gdométrie de I'état de transilion calculée par
Scheiner ef al. 3, De plus, ces faibles distributions d'énergie vibrationnelle laissent &
penser qu'une forte excitation rotationnelle est présente dans les fragments, en
particufier pour HCN,

1. v.H. Glownia and S.J. Riley, Chem. Phys. Lell, 71, 429 (1980}

2. X. Zhao, W.B. Miller, E.J. Hinlsa and Y.T, Lee, J. AM. Chem, Soc. 108, 8160 (1989).

3. A.C. Scheiner, G.E. Scuseria and H.F. Schaeler Iil, J. Am, Chem, Soc, 108, 8160 (1986).

4, D. Coulter, D. Dows, H. Reisler and G. Wiltig, Chem. Phys. 32, 429 {1978),

§. L. Nahon, J. Tremblay, M. Larzillidre, L. Dulfy and P. Morin, Nucl. Insir. Meth, B 47, 72 (1990).
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PHOTODISSOCIATION OF S-TETRAZINE IN THE (S4) STATE :
A PROCESS GOVERNED BY THE GEOMETRY OF THE
TRANSITION STATE

L_Nahon'?, P, Morin!3, M, Larzillidre4 and [. Nannert.3

1) LURE, bat 209d, Univ. Paris-Sud, 91405 ORSAY Cedex, FRANCE

2) X-RS, Parc Club, 28 nse Jean hostand. 91893 ORSAY Cedex, FRANCE
3) CEA, CEN Saclay, DSM, SPER, 91191 GIF sur YVETTE, FRANCE

4) LPAM, Université Laval, Quebec, QC G1K7P4 CANADA

Photodissociation of a polyatomic molecule is a basic photochemical process,
which study has motivated numerous works, We wish o focus here on the case of s-
tetrazine (CaN4Hj) which is known since the begining of the century to decompose
into three fragments : 2HCN + N,. Several sludies have dealt with the mechanism of
the dissociation itsell-3, as well as the determination of some vibrational
distributions of the fragmants# (Np, vy and v of HCN).

We propose here to reconsider this problem, by means of a technique already
used to investigate the photolonization of atomic iodine produced by the laser
dissociation of 15,5 which consists {o use a cw Ar+ laser to excite s-terazine in the (S,)
state, and to probe the fragments by PhotoElectron Spectroscopy (PES) with the
synchrotron radiation. By recording PES at 23 eV pholon energy, we have
oberserved a nearly-complete photodissociation with a laser power of 3 W, and on
the time scale of our experiment (~100 ns), we do not have detecled any other
fragments than N, and HCN, which is in favor of the triple concerted dissoclation
mechanism proposed by Zhao et al.2. Moreover, we find that 5.4 % of the nascent N,
fragments depart with v=1, and at least 26 % of each HCN fragments are vibrationally
excited, mainly in the bending mode (n=1 to 6), and probably to a very small extent in
the C-N streching mode (n=1), These data cannot be explained by a statistical model
of redistribution of the available energy (109.2 kcal/motl), but are fully consistent with
the equilibrium geometry model of the transition state calculated by Scheiner et al. 3.
Moreover, these low vibrational energy distributions lead to the fact that a high
rotational energy should be carried by the fragments, especially for HCN.

1, J.H. Glownia and S.J. Rilay, Chom, Phys. Lelt. 71, 429 (1980)

2, X. Zhao, W.B. Miller , E.J. Hintsa and Y.T. Leg, J. AM, Chem, Soc, 108, 8160 (1989).

3. A.C. Scheiner, G.E. Scuseria and H.F. Schaaler Ill, J. Am, Chom. Soc, 108, 8160 (1986).

4, D. Couller, D. Dows, H. Reisler and G, Wiltig, Chem, Phys, 32, 429 (1978).

5. L. Nahon, J. Tremblay, M. Larzillidre, L. Dully and P, Morin, Nucl. Instr, Meth. B 47, 72 (1990).
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MICROSOLVATATION DE LA MOLECULE DE BENZENE PAR DES ATOMES DE GAZ RARE
STRUCTURE DES COMPLEXES BENZENE-Ar,.

M. Schmidt. 4. Hons and J, Le Calvé
CEN Saclay, DSM/DRECAM/Service des Photons, Atomes et Molécules
91191 Gif.sur-Yvette, FRANCE,

De nouveaux résultats sur la microsolvatation de la molécule de benzéne
(Bz) par de atomes de gaz raxe (Ar, Kr) ont été obtenus par la technique de
1'ionisation résonnante & deux photons deux couleurs (IR2P-2C) couplée &
une expansion supersonique et A un spectromdtre de masse A temps de vol
/y/.

La mesure des déplacements spectraux par complexation (transition
5, ~— 8§, 63 du Bz) et des spectres d'efficacitd d'fonisation ont permis de
montrer qu‘il existe dans les complexes Bz-Ar, (l<n<?) deux classes
distinctes d'isoméres, responsables des deux séries de bandes (notées A et
B) dans le spectre IR2P des complexes. Dans les Lisomdres A les atomes
d'argon sont distribués des deux cétés de la molécule de benzéne alors que
dans les {soméres B tous les atomes sont situés du méme cété /1/.

Une caractérisation des agrégats portant sur l'’existence d'isomidres,
leur structure géométrique, et leurs propridtés thermodynamiques est
présentéde, notamment pour le complexe Bz-Ar,. L'attribution des bandes A et
B est réalisée d'aprids l'analyse de leur contour rotationnel (résolution
~ 0,09) et avec l’'aice d’un calcul de structure (potentiels atome-atome) et
de simulations Monte Carlo /2/, Les contours rotationnels des sspices 1:2
sont trés différents, Ls contour de 1la bande A, caractéristique d’une
toupie symétrique allongée, présente une structure en sous-bandes K, tandis
que le contour de la bande B, celui d‘une touple assymétrique, possdde une
large branche Q non-structurée et des branches R et P de faible intensité.
Le modédle des potentiels atome-atome suggdre une symétrie C, pour 1’isombre
B dissymétrique formé d’'un atome Ar au dessus du cycle benzénique et d'un
second en position péripherique dans l’espace entre deux H voisins,

Les simulations Monte Carlo montrent
l’existence d'au moins deux
configurations stables pour les
complexes Bz-Rg, (n>l) (Rg =~ Ar, Kr) &
la temperature du jet supersonique., Leur
stabilicé et leurs propriétés
thermodynamiques sont discutdes,

/1/ M. Schmide, M, Mons and J. Le Calvé,
Chem. Phys, Lett, 1221 (1991) 371,
/2/ M. Schmidt, M, Mons and J, Le Calvé,

P. M{111é and C. Cossart-Magos, Chem, Fi8. ¢ Slmulatlon Monte Carlo
Phys. Lett. in press. 4 5 XK du complexe Bz-Ar,.
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LA REACTION PHOTOCHIMIQUE Cs(7P)+H; - Csi1+11.

J.-M.L'Hermite, G.Rahmat, R.Vetier
Laboratoire Aimé Cotton, C.N.R.S. 11, 91405 Orsay Cedex, France,

La réaction a ét¢ dludiée cn faisccaux croisés, avec un faisccau supersonique
d'hydrogene, un faisceau cffusif de cesium ct deux faisceaux Jaser continus, monomodes el
accordables. Le premier est utilisé pour compenser 'endoénergéticité de la réaction (2,7 ¢V)
cn excitant les atomes de cesium sur une transition de résonance 68, = 7P ;53 et le second
pour sonder ['élat des produits de réaction par fa technique de fluorescence induite par faser
(F.LL.). L'analyse A haute résolution des profils de fluorescence de CsH conduit 3 la mesure
des scctions efficaces totales et différenticlles pour tous les états rotationnels peuplés par la
réaction,

-La mesure des sections cfficaces lotales donne: 6(7Pyy) = 4.2 10” 16cm2et o(7P3p) =
11016 cm2, Elle permet de comparer Vefficacité du processus photochimigue (Cs dans I'état
7P) A celle des processus inélastiques dus aux autres $tats excités (Cs dans I'état 6S, 6P, 5D et
78S). De plus, elle montre 'existence d'un “effet de structure finc”, interprété dans [e cadre d'un
mécanisme de harponnage. Ce résultat cst confirmé par I'existence d'un "effet de structure
hyperfinc" montrant que la scction cfficace varie lorsque 'on tourne I polarisation du faisccau
laser qui excite les atomes de cesivm,

~Les scctions cfficaces différenticlles sont mesurées dirccicment dans le centre des
masscs (technicue Doppler), La forme des profils de fluorescence cnregistrés quand le faisceau
laser d'analysc cst paralldle A I'axe de collision montre un fort piquage vers 'avant des produits
CsH, le long de la vilesse initinle du cesium; Fangle de diffusion diminuc avee I'éncrgic de
collision mais est indépendant de 1a rotation de CsH. Ces résultats sont cn accord avec des
calculs semi-classiques et des calculs quantiques,

-Des expériences d'absorption saturée peuvent Gtre menées sur ce systdme, la détection
des produits se faisant cn régime de saturation cohérente, En renvoyant le faisccau laser
d'analyse sur lui-m&me au volume de collision, on obscrve un creux au sommet du profil de
fluorescence; il correspond aux moléeules qui diffusent dans le plan de collision, L'application
de cette technique pourrait conduire & la sélection de produits de réaction dans un plan ou selon
une direction,
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THE Cs(7P)+H, = Csti+H PHIOTOCHEMICAL REACTION.

J.-M.L'Hermite, G.Rahmat, R.Vetler
Laboratoire Aimé Cotton, C.N.R.S, I, 91405 Orsay Cedex, France.

The title reaction is studicd with a crossed-beam apparatus involving a supersonic beam
of hydrogen, an effusive beam of cesium and two C.W, narrow-band tunable dye laser beams.
The first one is uscd to compensate the endocergiticity of the reaction (= 2.7 c¢V) by exciting Cs
atoms on a 6S,,, - 7Pyp3.3, resonant transition and the sccond one to probe CsH product
statcs through the laser-induced fluorescence technique (L.LE.). High resolution analyses of
CsH fluorescence profiles lcad to the measurement of total and differential reactive cross
scctions for all rotational states populated by the reaction,

~Total reactive cross sections are: 6(7P, ) = 4.2 10-16 cm2 and o(7P,) = 1 10-16
cm?, They give a clear indication of the efficiency of the photochemical reactive process (Cs
atoms in the 7P state) with respect to the inclastic processes associated with other excited states
(Cs atoms in the 6S, 6P, SD and 78 states). Furthermore, they show the existence of a "fine
structure cffect” which is interpreted in the frame of & harpooning mechanism, This result is
confirmed by observing a "hyperfine structure effect”, where the reactive cross section is a
function of the polarization of the laser beam which excites Cs atoms,

-The diffcrential cross scctions are measured directly in the center of mass, by use of the
Doppler technique. The shape of fluorescence profiles recorded when the analysis laser beam is
pasallel to the collision axis reveals a pronouced "forward” peaking of CsH products along the
direction of incoming Cs atoms; it narrows with reagent collision energy but is independent of
product rotation, These results are in agreement with scmi-classical and quantal calculations.

-Saturated-absorption experiments can be conducied on this system, the L.LF, detection
being performed in a coherent saturation regime. By sending the analysis laser beam back to the
collision volume (counterpropagating waves), onc obscrves a narrow dip at the top of
fluorescence profiles; under our experimental conditions, it corresponds to CsH products which
scatter in the collision plane. Application of this technique could lead to the sclection of
products which scatter in a given plane or in a given dircction,
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LA PHOTOCHIMIE DU ¢is-PENTADIENE-1,3 EN PHASE
GAZEUSE A 184,9 ET 147,0 nm.!

Guy J. COLLIN®, Héléne DESLAURIERS® et George R. DE MARE*

* Département des Sciences fondamentales, Université du Québec & Chicoutimi, Chicoutimi,
Québee, Canada,
** Laboratoire de Chimie Physique Moléculaire, Faculté des Sciences CP.160, Université Libre
de Bruxelies, 50, av.F.D. Roosevelt, D-1050 Bruxelles, Belgique.

La photochimie du eis-pentadiene-1,3 n été éoadiée & 184,9 ct & 147,0 min en phese
gazeuse. Les produits majeurs obscrvés & 184,9 nm, outre le trans-pentndidne-1,3, sont
le cyclopentadiéne-1,3 et divers radicaux révélés par I'addition d'iodure d'hydrogéne. Le
cyclopentadidne cst formé trés probablement via ’élimination successive de deux atomes
d'hydrogine avee isomérisation concurrente du radical pentaditnyle vers la structure cy-

clopéntenyle: ®q(cyclo-Csllg) =~ 0.25,

L'élimination du radical méthyle ($y 2 0.50) est également importante. 1l y & for-
mation concomittante des radicaux CH,=CHCH="CH* et dans une moindre mesure
des radicaux CH,=C=C"{*CH;}. On n'a cependant pas pu établir si ce dernier radical
provient de I'isomérisation du précédent, ou s'il provient d’une molécule de pentadiéne-
1,2** résultant dc lisomérisation de la molécule photoexcitée. On a pu enfin observer

une isomérisation conduisant vers la formation de pentaditne-1,4 (%o & 0.035 & 0.01,).

A1470 nin, on retrouve les némes carnctéristiques, avee une fragmentation plus poussée
des intermédinires. L'énergie supéricure disponible & cette longueur d'onde explique
cctte observation, Globalement, la photofragmentation du eis-pentadiéne-1,3 s’apparente
beauconp plus & la photochimic des alcénes ar:ycliques et nsscz peu & celle du butaditne-

1,3 qui passe surtout par l'isomérisntion vers la structure butaditne-1,2.2

1G.J. Collin, II. Deslanticrs et G.R. De Maré, Can. J. Chem., sous presse.
3G.J. Collin, I1., Deslauticrs, G.R. De Maré et R.A. Poitier, J. Phys. Chem., 9/ (1990) 13{.
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PHOTOCIHEMISTRY OF GASEOUS cis-1,3-PENTADIENE AT
184.9 AND 147.0 umn.?

Guy J. COLLIN®, Héléne DESLAURIERS® and George R. DE MARE™

* Département des Sciences fondamentales, Université du Québec & Chicoutimi, Chicoutimi,
Québec, Canada.
** Laboratoire de Chimie Physique Moléculaire, Faculté des Sciences CP.160, Université Libre
de Bruxelles, 50, av.I.D. Roosevelt, B~1050 Brussels, Delgium.

The photochemistry of gascous c¢is-1,3-pentadicne has been studied at 184.9 and 147.0
nm. Trans-1,3-pentadicne and 1,3-cyclopentadiene are the main products obscrved at
184.9 nm. The formation of radicals also occurs as is shown through the use of DI as
o radical scovenger. Cyclopentadicne is the likely product of successive climinations of
two hydrogen atoms from the photoexcited molecule after rearrangement of the penta-

dicnyl radical to the cyclopentenyl structure: ®o(cyclo-CyHg) ¢ 0.25.

Elimination of a methyl radical (¥ = 0.60) also occurs yiclding CH,=CHClI="Cli*
and, to a lesser extent CH,=C=CH*CHj} radicals. However, it is not possible to identify
properly the mechanism of the formation of the latter radical. It may be the result of
the isomerisation of either the photoexcited molecules or the 1,3-butadicn-1-yl radicals.

A small amount of 1,4-pentadiene formation is also observed $o(cyclo-Cylig) =~ 0.25.

At 147.0 nin, the same caracteristics are observed, together with higher fragmento-
ticn due to the higher encrgy content of the photoexcited molecules. It appears that
the photofragmentation at both wavelengths is more in line with that of acyclic alkenes,
contrary to that of 1,3-butadicne which involves an important isomerisation of the pho-

toexcited molecules to the 1,2-butadicne structure.?

1G.J. Collin, il. Deslautiera and G.R. De Maré, Can. J. Chem., in press,
G.J. Collin, I{. Deatauriers, G.R. De Maré and R.A. Poirier, J. Phys. Chem., 94 (1990) 134.
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Reactivity of binary clusters
N;0 - (Ar), with barium atems

A. Lallement, J. Cuvellier, J.-M. Mestdugh and P. Meynadier,
P. de Pujo, O. Sublemontier, J.-P. Visticot,
J. Berlande, and X. Biquard

Service des Photons, Alomes el Molécules
C.E.N. Saclay
91191 Gif-sur-Yvette cedez, France

Our group is involved in investigating the reactivity of homogeneous and
binary van der Waals clusters with ground state and electronically excited
metal atoms (barium at the present time).

Several experiments of our group have revealed that reactions that are
normally chemiluminescent in the gas phase (e.g. Ba(6s6p'P,) + H,0 —
BaOH" +H ) are no longer chemjluminescent when taking place within large
homogeneous clusters. The clusters studied so far are (N30),, (H10)n, or
(CO3)a with n ranging from a few hundred to a few thousand.*? This ob-
servation was interpreted as due to the solvation of the reaction product
within the remaining of the cluster. The numerous non radiative couplings
available in molecular clusters then account for the quenching of the chemi-
luminescence.

The new results that will be presented at the conference show that
in contrast, chemiluminescence is not quenched when the reaction occurs
within a binary cluster. One of the result presented concerns barium react-
ing with N;O — (Ar),. The noble gas cluster (Ar), in which the reactant
N,0 was deposited plays to different roles: i) it is a "net” that catches the
flying barium with a large cross section and ii) it is a solvent in which the
reaction tukes place, i.e. it allows the two reactants to migrate and to be
close enough to react.

1. J.P. Visticot, J.M. Mestdagh, C. Alcaraz, J. Cuvellier and J. Berlande,
J. Chem. Phys. 88, (1988) 3081. )

2. 1. Cuvellier, J.M. Mestdagh, P. Meynadier, P. de Pujo, O. Suble-
montier, J.P. Visticot, J. Berlande, A.J. Bell and J.G. Frey Chem. Phys.
Lett. 176, (1991) 325.
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Photodissociation Dynamics of Doubly Bxcited States of 11,
Murk A. Buntine®, David P. Baldwin and David W. Chandler
Combustion Rescarch Facilily, Sandin National Laboratorics,
Livermore, CA, 94551
and
* De:partment of Chemistry, Stanford University
Stanford, CA, 94305

We have applied photofragment ion imaging to investigate the dissociation dynamics of
low lying doubly excited states of molecular hydrogen. Two-step, two-color multiphoton
excitation of g, first via 201 nm, two-photon excitation into the E,F 12g+ (v=0, I=1) state,
followed by 563 nm, 1+m (m=1,2) excitation through the D ll’lu (v=2,])=1,2), B" lz:u+ (v=0,
1=0,2), B' 1L+ (v=4, J=0,2) and C 1[I, (v=11, J=l) states provides a ready means of
populating scveral low lying doubly excited states of 113 as a function of increasing internuclcar
distance. From these repulsive states, predissociation and autoionization are both possible.
Becaue~ the excitation energy remains essentially constant as each intermediate state is accessed,
diffe.ences in the photodissociation dynamics via ench state can be ascribed directly to the
cffects of changing internuclear separation. 1+ fragments detected from each photodissociation
pathway are distinguished by their differing velocities in an ion image. A typical image consists
of concentric rings of 11 fragment ions.

Image analysis of EH* ions formed following photodissociation from the repulsive states
has shown that several predissociation and autoionization channels are active. At smaller
internuclear separations, absorption of two red photons in a resorant process through cither the
D (v=2) or B" (v=0) intermedinte states leads to predissociation via the In g (2poy)(2pnyy)
repulsive state, resulting in H (n=1) and H (n=3) production. The electronically excited 1 atom
absorbs a further red photon which leads to its ionization and detection.

Increasing the internuclear separation by excitation through the B' (v=4) or C (v=11)
intermediate states shows dramatically different photodissociation behavior, 141 photon
absorption via these state leads to 1t (n=1) and H (n=3) production as a result of predissociation
via the lng (2poy)(2pmy,) repulsive state. In addition, absorption of two red photons from the
B' (v=4) or the C (v=11) state (which can be thought of as a 1+2 rc'sonam absorption from the
E,F state) leads to H dissociation via the 111, (2po,)(2pry) state with concomitant production
of 11 (n=1) and I (n=5). Competing with predissociation via the B' (v=4) intennediate state,
autoionization from the ll'lg (2poy)(2pry;) state leads to Hp* formation. Prompt absorption of
an additional red photon from Hy* (v=2-5) leads to dissociation of the molecular jon,

This work is supported by the U.S, Department of Encryy, Office of Basic Encrgy Scicnces, Division of

Chemical Sciences,
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Cage effect on the photodissociation of small molecules
in rare gas matrices

R. Schriever, H. Kunz, K.H. Gddderz, M. Chergui, J. McCaffrey and N. Schwentner
Institut {ir Experimentalphysik, FU Berlin, Arnimallee 14, D-1000 Berlin 33

The first step in understanding photochemical reactions in condensed media goes via 2
microscopic deseription of the most elementary of such reactions: the photodissociation
process on a purely repulsive potential surface and the resulting effect of the cage en it.
In other words, what are the energy barriers for cage exit and what is the energy
dependence of the photodissociation qmntu{n yield? This problem has been studied by
us on H;0 and Cl; trapped in rare gas matrices, by means of synchrotron radiation.
Cage induced barriers for H atom escape have been determined for dissociation of H,0
in the first continuum in Ar, Kr and Xe matrices. Temperature as well as deuteration
effects have also been investigated. Finally, absolute photodissociation quantum yields
have been measured. Models accounting for the barrier energies and for the dependence
of the dissociation efficiency above threshold with matrix, iosotopic and temperature
changes will be presented and discussed. Similar investigations were carried out for the
case of Cl; and the discussion will focuss on the influence of the local structure and the
distribution of final sites of the fragments on the dissociation energy barriers and effi-
ciencies. Our results will also be compared to recent Molecular Dynamics simulations.
These predict a direct and delayed cage exit mechanism for heavy (C!) and light (H)

fragments, respectively,
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ON THE 193 NM PHOTODISSOCIATION OF ACETONE

Ruth McDiarmid
National Institutes of Health, Bethesda, Md. 20892, USA

The 193 nm laser line has been used as an excitation
source for investigating the photodissociation of acetone.
Light of this frequency excites acetone in its 3s Rydberg
<~ X transition region. The undexstanding of the spectrum
of this state 3is thus sought to assist 4in the
interpretation of acetone 193 nm photodissociation.

éhe absorption spectra of acetone and acetone-d, around
193 nm were measured at several different temperatures,
analyzed, and compared with those obtained for the 3p
Rydberg and fon <- X transitions. Lifetimes were estimated
from published spectra. The results were interpreted to
demonstrate a comparable stability of acetone in its 3s and
3p Rydberg states but a significant alteration in the
methyl end of the molecule in the 3s Rydberg state relative
to either its ground, other Rydberg, or ion states.
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PHOTOPHYSICS OF JET-COOLED AROMATIC AMINES
David Phillips, Evelyn Joslin, Haiping-Yu, Rachel Howell and Alan G. Taylor

- Department of Chemistry, Imperial College, London SW7 2AZ, UK.

Many aromatic amines typically exhibit in solution 'anomalous’ fluorescence from TICT
(Twisted Intramolecular Charge Transfer) states produced by rotation of the amine moiety in
the molecule with respect to the aromatic framework. For many molecules, the mediation of a
polar solvent in producing such emission is a requirement,

We have investigated dimethylamino benzonitrile (DMABN) and the related esters
dimethylamino methyl benzoate (DMAMB) and dimethylamino ethyl benzoate (DMAEB) in
supersonic nozzle expansions at varying partial pressures of fluorophore and polar and non-
polar solvents. Although red-shified fluorescence is observed in all cases, in no case can this
be ascribed 1o TICT emission, being due instead to excitation of ground state dimers and self-
complexes, and solvated clusters of these.

A comparison has been made of the laser-induced fluorescence of jet-cooled N-(4-
phenyl)carbazole and the hydrogen-bonded complex between carbazole and benzonitrile. The
clectronic origin of the hydrogen bonded complex is shifted bathochromically to a greater
exient than that of the covalently linked molecule. In both cases the conformation of the ring
systems appears to be perpendicular in both ground and first excited electronic states. The
spectroscopy can be explained in terms of a perturbed carbazole chromophore. Again, no
evidence for TICT emission was found in the jet, in contrast to solution phase results.

Some results on the dynamics of decay of fluorescence, with emphasis on intramolecular

vibrational redistribution, in 3 and 4 aminobenzonitriles, will be presented.
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DETECTION OF THE HOCO RADICAL AND
ITS LIFETIME IN GAS PHASE

A, Miyoshi, N. Washida and H. Matsui®
The National Institute for Environmental Studies, Tsukuba
305, Japan J('The University of Tokyo, Tokyo 113, Japan)

The HOCO radical has been inferred to be an intermediate
of the important reaction OH + CO—3) H + CO2. Before the
recent study of Ruscic et al.,! the radical had only been
detected in a low-temperature matrix.? In the present study,
the HOCO radical has been successfully detected by a
photoionization mass spectrometry method in the gas phase. The
HOCO radicals were generated by the reaction of Cl + HCOOH or
the photolysis of acrylic acid (CaHaCOOH). The HOCO radical
produced by the reaction of Cl + HCOOH (with small excess
energy; 13.1 kcal mol~!) was found to be stale and its lifetime
vas confirmed to be very long (>10ms) at room temperature., On
the other hand, the HOCO radical formed by 193-nm photolysis of
C2H3aCOOH (with large excess energy; 53.8 kcal mol-!) exhibits
short and pressure dependent lifetime [Figure 1]. This (is
attributed to the competition of thermal decomposition and
relaxation of 'hot' radicals,
Further, this lifetime show
an apparent {sotope effect
(HOoCO/DOCO) [Figure 1] and
this suggests that the decom- W %

I

position mainly proceeds via -g sook
'tunneling' H-atom elimi-

nation. The rate of reaction {
of HOCO with 0 was also 00C0
determined.

Total Pressure(Hy) | Torr

Figure 1. Lifetine of HOCO (DOCO) radical
producsd by tha photolysis’ of acrylic acid,

! B. Ruscic et al., J. Chem, Phys., 981, 6780 (1989)
2 p. E, Milligan and M. E. Jacox, J. Chem. Phys. 54, 927 (1971
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DIRECT INVESTIGATIONS OF ABSOLUTE REACTIVE CROSS SECTIONS AND PRODUCT
STATE DISTRIBUTIONS OF OH RADICALS PRODUCED BY VERY FAST
H ATOM - MOLECULE REACTIONS

A, Jacobs, F.M.Schuler, H.R. Voipp, M. Wahi * and J. Woltrum

Physikalisch-Chemisches Institut der Universitat Heidelberg
Im Neuenheimer Feld 253, 6900 Heidelberg
F. R. Germany

Using 193 nm photolysis of HBr, and HCI respectively, we have studied the hot H atom reactions

(a) H+0, —> OH4+O dp (1.85 eV) = 0.37 £ 0.20 A2
op (2.14 eV) = 0.15 + 0.08 A2
0 (2.57 8V) = 0.10 + 0.05 A?

{b) H+NO —> OH4+N 0 (257 eV) = 0.01 £ 0.005 A2

() H+CO, —> OH+CO g (1.86 9V) = 0.39 + 0.20 A2
OR (257 eV) = 4.0+ 1.0 A2

(@) H4H0 —> OH4H, o (2.52 V) = 0.30 £ 0.10 A

at different center ol mass collision energies under single collision condilions, Laser induced
fluorescence (LIF) was used 1o probe the nascent vibrational, rotational fine structure distributions of
the OH product molecules. Absolute reaclive cross section og (E,,n,) for the reactions were
obtained by calibraling the OH signals from the reactions against signals from well defined OH
concenirations generated via photolysis of H,0, at 193 nm.

We have compared our experimenially determined OH product state distributions to statistical
distributions. and in the case of reactions (a) and (d), to internal OH product state distributions
obtained from trajectory calculalions on ab initio polential energy surfaces. In the case of reaclions
(a), (c) and (d), we compare our experimental values of the absolule reactive cross sections to theo-
retical values obtained from quasi classical trajectory calculations. New resulls of absolute reactive
cross sections and fine structure resolved OH product state distributions for the reaction (J) are also
presented.

) Europdisches Patentam!, 8000 Minchen 2, Erhardstr. 27
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TRIPLET GXCIMERS INVOLVING CARBAZOLE
THE ROLE OF ION RECOMBINATION

Richard D, Burkhart and Gregory W. Haggquist

Department of Chemistry, University of Nevada, Reno, Nevada USA

Both monomeric and excimer delayed luminescence may be obscrved from solutions
of N-cthylcarbazole (NEC) photoexcited by 308 nm pulses from an excimer laser. The
excimeric emission, recorded in the low microsccond time regime, is favored in solvents
of high diclectric constant such as cthanol (EtOH) and N,N-dimethyformamide (DMF)
whercas nonpolar solvents such as cyclolicxanc and paraffin oil favor the production of
monomeric delayed fluorescence, A (ransicnt absorption band with a peak absorbance at
500 nm is also found as a promi~2nt feature of transicnt specira recorded in {he higher
diclectric solvents. This band has been assigned to the triplet excimer of NEC. It has
been proposed that triplet excimers in this system arise by the geminate recombination of
ion pairs consisting of carbazolyl radical cations and radical anions, The decay of the 500
nm band obeys a double exponential rale Jaw, The ralc constant atiributed first order
relaxation of the triplet excimer is 4.5x10" 5%, The other component of the double
exponcntial decay corresponds (o decay of the precursor ion pair and has the value 5.0x10°

st in FLOH and 4.2x10° s in DM,
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ELECTRONXIC DXCITED STATE PROTON TRANSFER IN
2~ (2’-HYDROXYPHENYL) IMIDAZO[1, 2-a) PXRIDINE

A. Douhal, H. Kandori and K. Yeshihaxa.
Institute For Molecular SGienée, Myodaiji, okazaki 444, Japan.

We present a picosecond time resolved transient absorption
spectra of 2-(2’~hydroxyphenyl)imidazo[(l,2~a)pyridine (HPIP) and
its methoxylated derivative (OMePIP) in cyclohexane and dioxane.

H-0 ’ O.JWe
N N
OMaPIP

HPIP
Dua to the long lifetime, (on the nanosecond time scrle}i’ot
¢

.the excited tautomer of HPIP (formed after proton transfar)

we are able to obsarve its transient'absorption spectra without
any contribution from the ground state tautomer (Fig. 1 a and b).
OMePIP shows a stimulated emission with a maximum axround 400 nm

and different kinetics.

(b)
7 0.0 r\m\\
.§ T 4 . ] 100 p3
: g TN Lo
g [ *“~N3F=ame.
o ']

3- . 2 J W H\—\‘ML 500 ps
2 0.00 Xy 2 Af '
o o 1 700 ps

l 1 1) ¥ L) {’ T 1 )

360 400 440 . 480 " 520 3605 400 440 480 520

Wavelength / nm Wavejength / nm

Fig.l: Transient absorption spectra of HPIP in cyclohexane (a)
and dioxane (b) at different delay tinma.

Direct data from these spectra show that the_rate constant
for proton transfer in S, is greater than (0.5 ps) . For the first
time, we observed a cooling (picosecond regime) of the hot
vibrational excited tautomer (Fig. 1-a). As we did not detect any
absorption due to the ground state tautomer (Fig. 1-b), we
suggest that the reverse proton transfer occurs within the hot
molecule which easily passes over the low barf%fr on the
potentiel energy surface of the ground state .

(1) A. Douhal, A.U. Acuﬁh, F. Amat, Conference on
Photochemistry and Photomaterials, Sept. 1990, Kyoto.
M.Wiechman, H. Port, F. Learmer, W. Frey, T. Elsaesser,

(2)
Chem. Phys. Letters, 165 (1990) 28 .
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VISIBLE-LIGHT INDUCED ELECTRON TRANSFER ON QUANTIZED CdS

Shozo Yanagida, Shinako Fukami, Hirofumi Ankyu, and Tsutomu Shiragami
Chemical Process Engineering, Faculty of Enginecring,
Osaka University, Suita, Osaka 565, Japan

We perviously reported that quantized ZaS and CdS provide efficient photo-induced
electron transfer systems, catalyzing two-electron transfer reductions of ketones to
alcohols.|/2 Here we report that visible-light induccd clectron transfer on quantized CdS is
controliable by photochemical and sophisticated modification of the CdS.

Quantized CdS (CdS-0) calalyzes two-electron transfer pholoreductions of aromatic
ketones and electron-deficient olefins in methand! under visible light irradiation using
triethylamine (TEA) as an electron donor, giving alcohols and dihydro compounds as
exemplified by following two reactions.2

0 Iv (>400 nmy) oH Ph Ph
Ph-C-Ph ——————= Ph-G-Ph andor Ph=C-G~Ph
CdS-O/TEA M HO OH
1 2
HOOC. COOH hv(>400nm) HOOG COOH HOOC COOH HOOG GOOH
‘c=C’ ————— H-C-C~H andhr H-C- —-—-—-—E— -H
H o H CdS-G/TEA g B E E g
4 3 ]

CdS-0 suspensions prepared at 0 °C from equal amounts of methanolic solution of
Cd(Cl04)2 and Na2S$ consist of 2-5 nm microcrystallites and their loosc aggregales. Visible
light irradiation of CdS-0 with TEA leads to the formation of the colored CdS-0 suspension
(CdS-0-Cd) possibly duc to the reduction of lallice Cd2* near to sulfur vacancies. CdS-0-Cd
has now been found to be much more selective for the formation of the alcoho! (2) and the
dihydro compound (§), whose formation is rationalized by sequential two-clectron transfer
reduction. However, the presence of excess $2- in the reaclion system suppress the formation
of CdS-0-Cd and resulted in the exclusive formation of onc-electron transfer reduction
products, 3 and 6, respectively,

(1) §. Yanagida, M. Yoshiya, T, Shiragami, C. Pac, H. Mori, and H, Fujita, J, Phys.

Chem. , 94, 3104 (1990).
2) T. Shiragami, C, Pac, and S. Yanagida, J. Phys, Chem. , 94, 504 (1990).
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PICOSECOND FLUORESCENCE STUDIES OF INTRAMOLECULAR CHARGE
TRANSFER. A NEW VIEW AT TICT

Uwe Leinhos, Wolfgang Kihnle and Klaas A, Zachariasse
Max-Planck-Institut fir b.ophysikalische Chemie
Abt. Spektroskopie, D-3400 Gottingen, FRG

Intramolecular charge transfer has been studied, with a time
resolutior down to 20 psec, for several p-aminobenzonitriles and
related compounds in solvents of different polarity and
viscosity. By an analysis of double- and triple-exponential
monomer and exciplex fluorescence decays (SPC), the rate
constants of forward and backward charge transfer were
determined as a function of temperature and solvent properties.
This gives, for the first time, values for the activation
energies of these processes and, hence, for AH and AS. Special
attention was paid to the role of the longitudinal dielectric
relaxation time in the charge transfer process.

It could be shown that for the aminobenzonitriles:

- A rotation of the amino group with respect to the benzo-
nitrile moiety is not a prerequisite for charge
transter.(l)

- Longitudinal dielectric relaxation times cannot be related
to the rate of charge transfer.

-~ Charge transfer and dual emission also occur in solvents
such as toluene (no n-electrons), showing that 1:1 complex
formation with the solvent is not a gencral mechanism for
TICT.

(1) U, Leinhos, W. Kilhnle, and K.A. 2achariasse,
J. Phys. Chem. 95 (1991) 2013,
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Photoinduced Elcctron ‘Iransfer Chemistry of
Azoalkanes: Generation of 1,3-Cyclopentadiyl
Radical Cations and their Transformations

Jirgen Scndelbach, Waldemar Adam, Institute of Organic Chemistry, University of Wirzburg,
8700 Wirzburg, I.R.G.

Azonlkancs give on photosensitized electron transfer products and/or product diswibutions
that are different from those obtained in dircct photolyses or thermolyses. In this context
azoalkane 1 was examined, which yiclded on direct photolysis (A = 333 - 364 nin) und on
thermolysis (T < 300 °C) only housanc 2, Thermolysis of 1 or 2 at T 2 500 °C led 10
cyclopentenes 3 and 4, of which the former was the thermodynamically favored product
(Scheme 1), Also in the photosensitized electron transfer proviess with 9,10-dicyanoanthracene

OH oH
N wor &? T2 500 °C O"J @"/
N e ————————— rrem———— +
oH

TS 300C

1 ’ 2 3 4
80 : 20

Scheme 1; Direct photolysis and thermiolysis of azoalkane 1

(DCA) or 2,4.6-ter‘i})hcnylpyrylium tetrafluoroborate (TPT) as sensitizers, the cyclopentenes 3
and 4 were formed, however, now the latter was the major olefinic product (Scheme 2).

i LP i i
SINS 120N @—/ O_J
N eernmm—— LY et i + +
eé:" hv (& < 400 ren) . oM
=Ny ] 3 4
™ siNs

1 DCA,CILCN: 42 16 : 42
SUNS = DCA ot TPT TPL, CIKEN: 16 ¢ 14 H k[]
DCACILG: 65 ¢ 7 : 38
TPE, CIROy: 38 : 6 : 59

Scheme 2: Photosensitized electron transfer reaction of azoalkane 1

These contrasting results are rationnlized in terms of diradical intermediates in the former
(Scheme 1) and radical cations in the latier (Scheme 2). An unsymmetric charge/spin
distribution in the radical cation intermediate favors rearrangement to the thermodynamic less
stable cyclopentene 4. Photomechanistic implications, influence of solvent polarity and
sensitizer and studies towards trapping of the radical cation intermediates will be discussed.

Acknowledgements:
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SITE-SELECTIVITY AND SOLVENT DYNAMICS CONTROL IN
ELECTRON-TRANSFER REACTION OF BIANTHYL IN POLAR
SOLVENTS AND IN COMPLEXES WITH PROTEIN MOLECULES

Mexander P. Demchenko and Alexander 1. Sytnik
Institute of Biochemistry, 9 Leontovich Strect, 252030 Kiev (Ukraine)

Statistical distributions of solute-solvent interaction energies and
the rates of intermolecular relaxations may determine the pathways and
rates of different charge-transfer reactions and therefore are especially
important in polar solvents and in bioloyical macromolecules. If the re-
laxations are slow, the high interaction energy part of the distribution
can be photeselected by excitation at the red (long-wavelength) edge of ab-
sorption bands. We observe that intramolecular electron transfer in bi-
anthyl molecule from the locally-excited (LE) to charge-transfer (CT)
state, which requires solvent relaxations and is usually not observed in
solid media, is dramatically facilitated in a number of low-temperature
glassy solvents by the red-edge excitation. This allows to obtain the pure
CT form spectroscopically and observe the dependence of its spectra upon
the relaxational properties of the solvent which were modulated by changing
the temperature. The strony correlation between the reaction rate and the
rate of solvent relaxations was found in these experiments. A qualitative
model of these effects describes the solvent dynamics control of ET rate by
formation of optimal solvent-environment configurations rather than by di-
rect involvement of these dynamics in electron transfer act. These configu-
rations are rare in solid environments, and they can be photoselected only
at the red-edge. In Jiquid solvents there exist the two steps of relaxa-
tion: one results in the dynamic formation of CT slate, and the other is
the relaxation of solvent dipoles to equilibrium with the high dipole mo-
ment of this state. The experiments with serum albumin-bianthyl complexes
demonstrate that protein molecules may behave as microscopic solid bodies
inhibiting the ET rate and displaying the red-edge effects.
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PHOTOCHEMICAL REDUCTION OF CO2 CATALYZLED BY OLIGO(»-PHENYLENE)S
Shinjiro Matsuoka, Chyongjin Pac, and Shozo Yanagida
Chemical Process Engineering, Faculty of Engineering,
Osaka University, Suita, Osaka 565, Japan

Carbon dioxide {ixation using light energy has attracted much inlerest in view of the
global greenhouse effect. Photochemical reduction of CO) were extensively studied and novel
photocatalysts or photosensitizer have been requisite for the purpose. Here, we report that p-
terphenyl induces effective photoreduction of CO2 to formic acid (HCOOH) and carbon
monoxide (CO) in aprotic polar solvent.!)

As shown in Table 1, the pholoreductive formation of HCOOH and CO in anhydrous
organic solvent systems was observed, where the photocatalysis of p-terphenyl in N,N-
dimethylformamide (DMF) led to the most effective formation of HCOOH and CO (the
quantum yield (01 2HCOOH) was 0.072 at 313 nm.). A trace amount of H2 was detectable,
The turnever number of p-terphenyl for the formation of HCOOH in DMF is about 4, implying
a cyclic activity of the system. On the other hand, o-terphenyl and m-terphenyl which are both
very soluble in aprotic polar solvent showed much poorer activity than p-terphenyl, suggesting
that p-phenylene unit is an important factor for the effective charge separation and electron
transfer. 1t was previously reported that photocarboxylation of aromatic hydrocarbons such as
phenanthrene, anthracene, and pyrenc occurs in photolyses in the presence of various amines
and CO2 of their dimethyl sulfoxide and DMF solution.2) In the present photolysis, however,
no photocarboxylation was observed. In conclusion, the result in Table | indicates the first
example of direct photoreduction of CO? catalyzed by organic sensitizer without an electron
mediator. Further studies on the photoinduced charge separation and clectron transfer in this
system are in progress,

Table I. Photochemical Reduction of CO2 by Terphenyls in Anhydrous Organic Solventd)

Catalyst Solvent Photoproducts / pmol Solubitity in solvenib)
HCOOH CO H» Culnlysllmglcm3 COu/M

p-Terphenyl DMF 42 5.6 L.l 6.6 0.23
o-"Terphenyl DMF 1.9 0.1 04 670 0.23
m-Terphenyl DMF 3.6 03 0.7 207 0.23

None DMFP 0 0.2 0.1 - 0.23
p-Terphenyl CH3CN 11 0.2 04 0.83 0.14
p-Terpheny! CH30H 0 0 02 0.28 0.19
p-Terphenyl THF 4.8 12 0.2 375 0.33

a) After irradiation at > 290 nin for 15 h. b) Solubilities of terphenyls and CO2
in each solvent at 25 °C,

n
1) S. Matsuoka, S. Kohzuki, C. Pac, and S, Yanagida, Chem. Lett,, 1501 (1990).
2) 8. Tazuke, S. Kazama, and N. Kitamura, J. Org. Chem,, 51, 4548 (1986),
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ON THE MULTIPLE FLUORESCENCE EMISSION OF A CLASS
OF UNSYMMETICAL D-A-D’ MOLECULES: UNSYMMETRICAL SQUARAINES
Kock-Yee Law
Xerox Webster Research Center
800 Phillips Road, 0114-39D, Webster, NY 14580, U.S.A.

Bis(4-dimethylaminophenyl)squaraine and derivatives, a class of D-A.D
molecules, are shown to exhibit multiple emission bands from the Franck-
Condon states of the squaraine and the squaraine-solvent complex, and a TICT
state. In this paper, the multiple emission of unsymmetrical squaraines, 4-
dimethylaminophenyl-4'-methoxyphenylsquaraine (1) and derivatives, is
reported (Figure 1). Evidence is provided that the multiple emission bands are
due to vibronic bands of the excited states of 1 and its solvent complex. The
absence of any emission from the TICT state wil! be discussed.

ex em Q0 cH
. 3
A\ /
. e, 0-O-CP~O) N
- ’ O CHy
- IN CHLOROFORM

INTENSITY

] 1 1 l 1

540 560 580 600 620 640 660 680 700 720
WAVELENGTH (nm)

Figure 1 Excitation and corrected fluorescence spectra of 1
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LES N~PHENYLAZA«15~-CROW.-5t CIHROMO EX FLUOROIONOPHORES POUR L'ETUDE DE LA
COMPLEXATION DE DIVERS CATIONS PAR LES ALACOURONNES.

J.F. LEUTARD, K. CZESCHKA, R. SCIHUMACIHER at R. LAPOQUYADE.

Photophysique et Photochimio Moléculaire, URA318, Univorsité de DORDEAUX I,
351 cours de la Libération, 3J)405 Talence (FRANCE).

La grande sensibilité des spectroscopies d'abaorption édlectronique
et de fluoruscence a conduit A la conception et A la synthdse de Chromo at
Fluorolnophores pour 1'étude de la complexation des lons par les
mlc:ocyclolf ), Quand l'un des hétérostomes de 1'ionophore eot partie
intégrante du chrotophore, la complexation des cations modifie leos étato
éloctroniquas en fonction de la valeur et de la direction das momonts
dipolajires A l'état fondsmental ug et A l'état exclté uali=3)

Nous  décrivons les propriétés photophysiques de trois sonden
(I~IIXI) classées saelon la densité é&lectronique décroissante A 1'état
fondamental et la charge positive crolssante & 1'état excitdé, sur l'atome
d'azote, prds du cation complexé.

ol Y
OO P O P GO%

Dane les solvants polaires on pouvealt s'attendre & ce que
l'azacouronne analogue du DMABN (II) forme A& l'état excitd un transfert deo
charge intramoléculajire orthogonal (TICT)} dans leguel l'azota porteralt une
charge pon&tlvc‘ ). Récemment nous avons montrd que les dérivés du
stilbiéne, tols que IIX, conduisent dgalement A un état TICT mais avec le
groupe d!llgyllnlllnc comme donnour sur lequel la churye posjitive est
délocalisée(®/,

Les constantes de complexations (log K) de divers cations par los
trois sondes ont &té déterminées spectroscopiquement dans différentn
solvants (CHzCly, CH30H, CH3CN) et les caractéristiques de la fluorescence
sont attribuées A 1'interaction modulée entre la charge du cation et le
dipdle du chr-mophore,

1~ H.G. LOHR, F. VOGTLE, Acc.Chem.Res., 1985, 18, 65-72.

2- §. FERY-FORGUES, J. BOURSON, L. DALLERY, B. VALEUR, New. J.Chem. 1990,
14, 617623 et références cltées.

3- S.A. JONKER, 8.1. VAN DIJK, K. GOUBITZ, C.A. REISS, W.SCIIUDDEBOOM,
J.VERHOEVEN, Mol.Cryst.Lig.Cryst., 1990, 183, 273-282.

4~ 2.R. GRABOWSKI, K.ROTKIEWICZ, A. SIEMIARCZUK, D. J. COWLEY, W. BAUMANN,
Nouv.J.Chim., 1979, 3, 443.

5= R. LAPOUYADB, K. CZESCHKA, W. MAJENZ, W.RETTIG, E. GILABERT, C.RULLIERE,
en préparation.
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N~PHENYLAZA~15-CROWN~5 AS FLUORESCENT PROBES
OF THE DETAILED FEATURES OF IONS COMPLEXATION

J.F. LETARD, K. C2ESCHKA, R. SCHUMACHER and R. LAPOUYADE.

Photophysique et Photochimie Noléculaire, URA3I(E, Unive~sité de BORDEAUX I,
351 cours de la Libération, 31405 Talence (FRANCE).

The recognized high sensibility of the absorption and fluorescence
spectroscopies led recently to the design of Chromo- and Fluorolonophorss
for the study of ions binding by multidentate macroeyclic compoundn“).
When one of the haterocatoms of the lonophore is part of the mesomeric
system of the chromophore, catlons complexation influences the electronic
lt?t.l deopending on the size and direction of the dipole moments ug and
ue

We report the photophysical properties of the three probes (I-III)
classified according to increased charge localisation on the nitrogen atom,
near the complexed catlion, in the excited state.
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In polar solvants the azacrown ether analogue of DMABN (III) was
expected to lead to an excited state with mutually perpendicular n-systems
and complete charge separation between the azacrown donor, which
consequently bear a positive charge on the nitrogen, and the benzonitrile
acceptor group ‘i, Recently we showed that in the stilbene serie, similar
“Twisted Intramolecular Charge Transfer" (TICT) states ars formed when the
donor-acceptor strength of the aubstituents reaches a threshold as in II,
but the dialkylanilino group is now the donor group where the positive
charge is delocalized. .

The cationn binding properties (log K) of I-IIXI ware determined
from spactrophotometric titration in solvents of various polarity (CHyClp,
ClI30H, CHACN) and the striking fluorascaent characteristice were aseigned to
the modulated, cation charge-chromophore dipole, interaction.

1- H.G. LOHR, F. VOGTLE, Acc.Chem.Res., 1985, 18, 65-72.
2- 8. PFERY-FORGUES, J. BOURSON, L. DALLERY, B. VALEUR, New. J.Chem. 1990, .

14, 617-623 and ref therein.

3- S.A. JONKER, S.I. VAN DIJK, K. GOUBITZ, C.A. REISS, W,SCHUDDEBOOM,
J.VERHOEVEN, Mol.Cryst.Lig.Cryst., 1990, 183, 273-282.

4~ Z,R. CRABOWSKI, K.ROTKIEWICZ, A. SIEMIARCZUK, D. J. COWLEY, W. BAUMANN,

Nouv.J.Chim., 1979, 3, 443,
5~ R, LAPOUYADE, K. CZESCHKA, W. MAJENZ, W.RETTIG, E. GILABERT, C.RULLIERE,

in preparation.
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THE CUARGE-TRANSFER STATE AND SINGLET
OXYGEN PRODUCTION IN PHOTOEXCITED ORGANIC
MOLECULE-MOLECULAR OXYGEN COMPLEXES

Marianne Kristiansen and Peter R. Ogilby
Department of Chemistry, University of New Mexico,
Albuquerque, NM 87131 USA

We examined charge-transfer (CT) state participation in
an excited state organic molecule(M)-molecular oxygen complex
by using a variety of spectroscopic probes. We showed
earlier that singlet oxygen (‘AQOz) is formed upon.
dissociation of the photoexcited CT complex (M*-02°:) when the
CT state energy is lower than that of the triplet state
(3M;) .12 We now examine a molecule whose CT state energy is
higher than that of 3M;. Relative 14407 and 3M; yields were
determined upon 1) photolysis into the M-O3 CT band of
l-methylnaphthalene and 2} 325'02 quenching of triplet
1-methylnaphthalene. In non-polar solvents, 1Ag0; and 3M; yields
were independent of the *(M-02) production method, indicating
that relaxation of the 1:3cT states to the 1:3(3M;...3%4"02)
states is very efficient. 1In a polar solvent where the CT state
is more stable, the data indicate that gdirect coupling between
the CT and ground state surface [3(IMo...3%4"02) may increase.
CT mediated indirect coupling of the 1.3(3M...3Z5"02) and other
M-0O2 excited states to the ground state surface should also
increase in a polar solvent, 1Agoz quantum yields obtained upon
direct photolysis of six aromatic hydrocarbons support this
interpretation. Our data are consistent with a model for oxygen
induced intersystem crossing in which coupling between singlet
and triplet states is facilitated by mixing with a CT state.

1. scurlock,R.D.; Ogilby,P.R. J.Am.Chem,Soc, 1988, 110, 640-641,
2. Scurlock,R.D.; Ogilby,P.R. J.Phys.Chem. 1989, 93, 5493-5500.
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SWING ELECTRON TRANSFER ACTIVATION OF OXYGEN
TOWARDS AROMATIC COMPOUNDS

Michel Julliard and Michel Chanon

Laboratoire AM3 Activation, Mécanismes, Modélisation Moléculaire,
Faculté des Sciences et Techniques Saint Jéréme - 13397 Marseille cedex 13 - France.

The reduction potential of oxygen vs. SCE range from - 0.57 V (H,0) to - 0.82 V
(CH4CN). Theoretically, oxygen cannot oxidize by electron transfer substrates whose
oxidation potential is less negative than approximately - 0.2 V (H5O) or- 0.5 V (CH4CN).

Most of the neutral organic molecules do not have a negative enough oxidation potential to react
spontaneously with oxygen. Nevertheless, photooxygenation may be performed using the
concept of "swing electron transfer activation”,

o+

1\2
Photoscnsitizcr\\

Toluéne
0 =25V

Exciled toluene
= - 2 volts

0 Oz =~ 0.5 volt

The figure illustrates why the word "swing" describes this activation. If the scale of redox
potentials is represented globully as a curved arrow, only the zone situated on the right side of
O corresponds to a spontancous reaction by clectron transfer between substrates and 20;.

There are however two tricks to enlarge this reactivity : one is to swing the substrate from 1 to
this zone by photoexcitation (case of toluene : E°q = 2.5V E%, o =-2 V), the other one

3uite paradoxical consists in oxidizing the substrate (i.c. displuce its redox potentials in the
irccuog 2). The oxidized form then displays a good reactivity (not by electton transfer)

towird 209, : CHy
As an example, when supported i NO, X
2,4,6-trinitrobenzene is used to activate §i-(CH9,-NM NO. + |
alkylaromatic hydrocarbons, the excited ; O R/ #
H 3

chromophore at the surface of the silica
accepts an electron {rom the substrate and

generates in the medium the substrate -¢

radical cation, species which is still more

difficult to oxidize, This highly acidic

radical cation (pKa=-10) is deprotonited

and leads to a radical which reacts with
0O, at a diffusion controlled rate.

Electron acceptors bound to silica act
as photosensitizers. They can be reused

after an easy scparation from the medium ;
: . " . cHo cH,
by filtration or centrifugation. They are a N
way to improve the use of preparative i N O, ‘
photochemistry. y & Kz
R R

hv

1 cH,

\ NO,
Sa-(cn,),.NHONO: + @
H NO; R
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LI "PENDULE REDOX" OU COMMENT ACTIVER
L' OXYGENE VIS A YIS DES COMPOSES AROMATIQUES

Michel Jullimd ct Michel Chanon

Lubotaoirc AM3 ¢ Activation, Mécanismes, Modélismion Moléculaire,
Faculté des Sciences ct Techniques Saint JérOme - 13397 Marscitle cedex 13 - Friunce,

Le poteaticl de réduction de Poxygene (vs SCE) se situe enuc - 0,57 V (11,0) et - 0,82V
(CH13CN). Théoriquement, l'oxygne ne peut oxyder par un transfert monoélectronique les
substrats dont e potenticl d'oxydation cst supéricur A - 0,2 V (110) ou - 0,5 ¥V (CH3CN). La

plupart des molécules organiques neutres n'ont pus un potenticl d'oxydation suffisamment
faible pour réagir spoutanément avee l'oxygine. Leur photooxygéuation peut cependant ire
mise en ocuvre grice au “pendule rédox”,

Photoscnsibilisatcur

‘Toluéne excité
n - 2 valts

0 Oy =~ 0.5 valt

La figure illustic cette image de "pendule rédox”. Si l'dchelle des potenticls rédox est
représentée plobalement comme une fléche courbe, scule la zdne située A droite de Oy
correspond 3 une réuction spontunée par transfert monoélectronique cutre les substrats et 302.
1L existe cependant deux moyens pour élargir ce domaine de réactivité : 'un cst de déplacer par
photoexcitation le substrat depuis le point 1 jusque dans la z6ne de droite (cas du toluéne E°
fond = 2,5 V ; E° exc = -2 V) l'autre, quelque peu paradoxal, consiste & oxyder le substrat
(c’est A dire déplacer son polentiel d'oxydntion duns la dircction 2). La forme oxydée présente
alors une bonne réactivité (pus par transfert monoélceironique) vis A vis de Y0,

Quand le trinitrobenzdne-2,4,6 st ci
utilisé pour activer des hydrocarburcs f NO; o
alkyl aromatiques vis & vis de 302. le 55~(¢H-):-NH-Q-NO. . i =
chromophore excité, lié i Ia sitice, accepic l xo. R/ #
un électron du substrat ot crée dans e :
milicu un radical calion, espéce qui est . v
encore plus difficile } oxyder, Néauoins
ce radical cation, trés acide (pKa= -10), MO cK,
est déprotoné et conduit A un radical ’ b
benzylique qui réagit avec 302 A une ?HC"%*"“N": + /®
vitessc contrdlée par la diffusion. Les i NOy X
accepteurs d'éleciron li€s A la silice
peuvent &tre réutilis’s aprés une H
séparation du iilicu aisément réalisée par p
filtration ou centrifugation, Jls constituent HO cH
unc voie susceptible d' étendre le domaine ! :
de Ia photochitmie préparative, , ~ 9; ’ N
n/ Z R/ #
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THE SOLVENT POLARITY DEPENDENCE OF TICT FORMATION RATES

Pavid Braun and Wolfgang Rettig

Iwan-N.-Stranski Institute, Techn. Univ. Berlin, StraBe des
17. Juni 112, W-1000 Berlin 12, FRG

The dual fluorescence of dimethylaminobenzonitrile
(DMABN) and its derivatives has been the subject of numerous
kinetic studies because the adiabatic photoreaction
populating the A* (or "Twisted Intramolecular Charge Transfer"
(TICT) state) can be viewed as a prototype example of an
electron transfer (ET) reaction which is strongly coupled to
both intramolecular motion (twisting process, controlled by
solvent viscosity) and the dynamics of dipolar solvent
reorganization. In particular, the question arose, which of
these factors is the most important one and whether there are
still other factcrs important for the description of TICT
formation dynamics /1/.

It will be shown that important factors are the
dependence of the observed kinetics on initial conditions and
the presence of a conical intersection for DMABN (Fig. 1).
Additionally, the different time-scales for the twisting
motion and the solvent relaxation have to be taken into
account. It is shown that solvent-controlled electron transfer
mainly occurs under conditions where solvent relaxation is
slow as compared to the twisting motion.

®
-0h Fig. 1: Schematic
'K—C:>6”\ug representation of the conical
anergy intersection coupling S, and
5, S, in DMABN. For conformations
- 47 of reduced symmetry (coordinate
NG { b q,), the crossing between s,
A and S, is avoided creating a
LU S cone on S;. This has strong
Ly-lype | 3eiss % aézzal_ kinetic conseguences for the
' et reaction kinetics towards the

L/ﬂ TICT state.

/0"9;( w 9

/1/ W. Rettig, Ber. Bunsenges. Phys. Chem., 95 (1991) 259

The support by BMFT within project 05414 FAB1l is gratefully acknowledged.
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PARAMETERIZATION OF ELECTRON-TRANSFER QUENCHING
IN THE FINITE SINK APPROXIMATION

Drinn Stevens, David N. McKeithan and Carl J. Biver 111
Department of Chemistry
University of South Florida, Tampa, FL. 33620
The finite sink modification of the Soluchowski-Collins-Kimball expression:-
1/ko(C) = 1K + (1- p/r)/kp

provides a quantitative description of the dependence of the time-independent
quenching rate constant kq(C) on quencher concentration C in liquids if the sink
radius r, is assigned as the most probable nearest neighbour separation (2xN'C)™*, and
permils recovery of the relative diffusion coefficient D together with the limiting rate
constant kg’ (C=0) = kpk® /(ky + k°).

For electron-transfer quenching the parameter of interest is k*, the intrinsic
rate constunt for electron transfer in the encountered donor/acceptor pair at
separation p; this is available as kq* in the reaction limit 4xN'Dp = kj, > > k* =
kq" but otherwise requires an independent estimate of p from the diffusion-limited
condition k* > > ky = ko' when

k' [kg(C) = 1-k* (2xNC)*p/(k* + kp) = 1- (2rNC)*p

For a particular donor/acceptor system this limit is established by an increase
in solvent viscosity n until the experimental quantity (1 - ko' /ko(C)/C* is
independent of D(n, T) as found for 9,10-dicyanoanthrene (DCNA) quenching by
various clectron donors in ethylene glycol over the temperature range 0° - S0°C.

Recovered estimates of p(+10%) for DCNA quenching by benzylamine (4.1 A,
1.2 V), aniline (7.4 A, 1.02V), dimethylaniline(8.3 A, 0.81V) and DABCO(7.8 A, 0.57V)
increase with reduction in quencher oxidation potential while the valuc for k* in
methanol at 25°C is a maximum for aniline indicative of a Marcus inverted region,

Acknowledgement, Supported by the Division of Chemical Sciences, U.S.D.0.E., under
Award No, DE-FG05-88ER-13975,
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LIGHT-INDUCED ELECTRON TRANSFER AND CONFORMATIONAL DYNAMICS
IN TRICHROMOPHORIC ELECTRON DONOR-ACCEPTOR MOLECULES.
A.M. Brouwer, R.D. Mout, P.H. Maassen van den Brink, I.J. van Rumesdonk,
1.W. Verhoeven, J.M. Warman® and S.A. Jonker®
Laboratory of Organic Chemistry, Nieuwe Achtergracht 129, 1018 WS AMSTERDAM, and
#IR], Technical University DELIFT, The Netherlands

We have studied some of the photophysical propertics of compounds 1 and 2, which can
be viewed as trichromophoric Donory-Donor-Acceptor systems

Fluorescence and time-resolved microwave H
conductivity (TRMC)' measuremeats indicate D“——D'
that in 2 a D2-Dy*-A" stute (u~24 Debije) is
formed upon excilation in solvents of medium
solvating power. In contrast, compound 1 x-u
gives rise to a much more polar transient
specics (34 Debije), best described as Dy*-Dj-A" (1)

The positive charge in the asymmetric piperazine Donorg-Donor fragments appears to
be mainly localized on one of the nitrogen atoms, A similar conclusion is drawn from a stuay
of the optical absorption spectra of the radical cations of Donorq-Donor; model systems. For
a symmetric piperazine radical cation, @ the optical absorption spectrum was recently taken
as evidence for a delocalized structure, so it would scen that u small difference between the
properties of the nitrogen sites is sufficient to swiich from a delocalized to a localized
structure.

In alkane solvents compound 1 displays a remarkable behaviour : three distinct
fluorescence bands are seen, which can be assigned to a local emission of the initially excited
acceptor chromophore, a charge-transfer emission from an extended conformation and
another long-wavelength CT-emission from an exciplex-like conformation,  The
electrostatically driven conversion from one conformation to the other, a phenomenon
recently demonstrated with simpler molecular systems in our lnboratories.(3) could be
monitored on a nanosecond timescale with fluorescence spectroscopy and TRMC,

(1) AM. Brouwer, R.D. Mout, P.H, Maasscn van den Brink, HJ. van Rumesdonk, J.W, Vechoeven, M, .
Warman, S.A. Jonker, Chem. Phys, Let, n press,

(2) J. Gebicki, A, Marcinck, C, Stradowski, J. Phys, Org. Chem,, 3 (1990) 606, ;

(3) B. Wegewijs, R.M, Hermam, J.W. Verbooven, A.G.M Kunst, R.P.H. Rettschnick, Chem, Phys, Leti. 140
(1987) 587; J.W Verhoeven, Pure Appl, Chiem, 62 (1990) 1585; T. Scherer, R.J. Willemse, J.W. Veshoeven,
Rect, Trav, Chim. Pays-Bas 110 (1991) 95.
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PHOTOINDUCED ACRIDINE FORMATION
Michael F.Budyka and Michael V.Alfimov

Photochemistry department, Institute of Chemical Physics, USSR
Academy oI Sclences, 142432, Chernogolovka, Moscow region, USSR

The 1irradiation of solutions of diarylamines (Ams) in
chloroform or bromoform resulted in production of acridines
with quantum yields about 0.1 and preparative yields up to 50%.
The reaction was assumed to proceed viac photoinduced electron
transfer from amine to acceptor followed by recombination of
amine cation-radical and CHXé radical and intramolecular
cyclization of intermediate (IM) formed.

Am + ClX, i [an* - s, 7] — 1] ~R
N
Am: ﬂ-@-g-@-n; R: N, Alkyl; X: Cl, Br

The photochemical reaction of di-p-tolylamine (DTA,
R=CHy) and CHBr, in toluene solution was studied in more
detail.

The transient absorption spectrum (A . ~700nm), which was
recorded 200us following flash lamp excitation, corresponded
with the spectrum of amine cation-radical DTA**. The DTA*:
disappeared on second order kinetics, and the spectrum of
intermediate (Amnx~540nm) arose within time region to some
seconds.

Both the rale constant of IM appearance (k*) and the rate
constant of IM decay (k™) obeyed first order kinetics, but the
k* value showed in turn first-order dependence on the concen-
tration of DPA. Therefore, second amine molecule should take
part in the IM formation reactlon.

S e o s 7




il W Wt R I - .

[1-16

EXCLTED STATE SOLVENT INTERACTIONS OF ALLPHATLC
AND AROMATIC AMINES

Gottfried Kdhler

lnstitut Lir theoretische Chemie und Strahlenchemle
University of Vienna, Wihringerstr, 38, A-1090 Vienna (Austrla)

Solvent effects on excited state propertiecs were studies compara-
tively for a series of alipshtic and aromatic amines in various binary
solvent mixtures. Formation of fluorescent exciplexes of excited triethyl-
amine and l-aza-bicyclo-2,2,2-octane (ABCO) with alcoliols and ethers in
n-hexane solution were followed by nanosecond time and energy resolved
fluorescence spectroscopy. The results are discussed on the bases of a
successive association model. Structural features of these exciplexes
were obtained Lrom ab fnitio calculations. Bonding interactions arise
essentially from an overlap of the lone pairs of the subunits,

The models for intermolecular {nteractions obtained from these
studies on aliphatic systems werc spplied to explain local solvent
effects in binary alcohol-hexane solvent on some aromatic amine systems
showing intramolecular charge transfer. These systems are essentially p-
cyano-N,N-dimethylsniline, commonly accepted as a model compound for the
phenomenon of "twisted intremolecular charge transfer®, and N,N-dimethyl-
2-phenylethylamine.

Contrary to these systems, solvent effects upon fluorescence of N,N-
dimethylamine and related molecules can be explained by electrostatic
interactions with the molecular environment and are thus related to
macroscopic solvent parameters., Primary snd secondary aromatic amines
(e.g. aniline) show, however, excited state complexation reactions in
amine-alcoliol-hexane ternary systems which can be attributed to hydrogen
bonding interactions in the excited state. The influence of solvent on
various deactivation pathways is discussed in detail.
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Intramolecular Triplet Excimers of
Bridged Diaryl Compounds

Steve Modiano, Jozef Dresner and E_C. Lim

Knight Chemical Laboratory, The University of Akron
Akren, OH 44325-3603, U. 3. A.

Formation znd decay of intramolecular triplet excimers of
bridged diaryl compounds, in fluid solutions at room temperature,
have been investigated by time-resolved optical spectroscopy. The
dependence of the excited-state dynamics on the nature of the
bridging group, the nature of the aromatic moiety, the position of the
linkage, and the nature of the solvent will be described.
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ELECTRONIC RELAXATION IN 2~-PYRIDONE VYIA
HYDROGEN BONDED DIMNERS
A. C. Tesmta

Department of Chemistry, St. John'e University
Jamuica, New York 11439 (U.S.A.)

The influence of donor-acceptor interactions on the lumi-
nescence properties of molecular systems can manifest itself
in many vays. v- HIVI investigated the fluorescence and phos-
phorescence behavior of 2-pyridone und our results indicate
the existence of a hitherto unrecognized intermolecular relax-
ation channel. This molecule has sustained continuing interest
in many laboratories due to its tautomeric equilibrium. A com-
parative athdy with 2-methoxypyridine, which does not involve
the keto/enol tautomeric equilibrium, is very revealing in im-
plicating a hydrogen bonded dimer in the excited state of 2-
pyridone, which most likely undergoes s double proton tranafer
in the excited state, 0Of significant interest is the dramatic
increase in its fluorescence and phosphorescerce yield ob-
served in alkaline media, which is in sharp contrast to che
enhanced luminescence observed for aromatic nitrogen heterocy-
clice upon protonation. Our interpretation is supported by
fluorescence and phosphorescence lifetime and quantum yield
data, wvhich vill be presented. Our semi-empirical MO calcu-
lations of this molecule illustrate the existence of close
n,n and n,n states, and the inversion of states occurring
with protonation of the nitrogen lone pair. Our datn will
provide evidence for the existence of a hydrogen bonded dimer
in the excited state, which undergoes a double proton trans-

fer,
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THE GROUND STATE BENZENE-OXYGEN COMPLEX

Edward A. Gooding and Peter R. Ogilby
Department of Chemistry, University of New Mexico,
Albuquerque, NM 87131 USA

The Drago-Rosel/Benesi-Hildebrand? spectrophotometric method
has been used to quantify ground state complex formation
between benzene and oxygen in the gas phase at 295 K.
Absorption to the benzene-oxygen charge-transfer state? was
the experimental, parameter monitored. Assuming a 1:1
reaction stoichiometry, the data yield a free energy for
complex formation (AGzggk) of -1.2 #0.3 Kcal/mole and a
complex extinction coefficient of 14 #4 cm-! M-l at 218 nm.
Independent experiments based on Dalton’s Law of partial
pressures, however, indicate that the Drago-Rose/Benesi-
Hildebrand results most likely overestimate the stability of
the benzene-oxygen complex and that a more accurate AG value
is ~-0.8 Kcal/mole. In an analogous experiment, the
methanol-oxygen charge-transfer absorption was quantified in
a series of aqueous solutions at 295 K. 1In this case, the
data do not indicate the presence of a weakly bound complex,
but rather are consistent with Mulliken’'s definition of a
“contact” complex.4

1. Rose, N.J.; Drago, R.S. J.Am.Chem.Soc., 1959, 81, 6138-
6141.

2. Benesi, H.A.; Hildebrand, J.H. Z.Am.Chem.Soc, 1949, 11,
2703-2707.

3. Tsubomura, i.; Mulliken, R.S5. J.Am.Chem.Soc, 1960, 82,
5966-5974.

4, Orgel, L.E.; Mulliken, R.S. J.Am.Chem,Soc, 1957, 19, 4839-

4846.

NP TN N e awrrRgaRR P s mewens e




11-20

PARTIALLY CONSTRAINED PROXIMATE CHROMOPIIORES:
EXCIMER STRUCTURE AND KINETICS IN DIANTIIRACENE.

Gregary D, Scholes, Kenneth P. Ghiggino and Gerard J. Wilson
Depuirtiment of Chemisiry, The University of Melbourne, Parkville 3052 (Austrulia)

During an invesligalion of a serics of linked-anthracenes(!) and their
photodimers (Fig. 1), it was found that some of the fluorcscence decay curves
were only filted satisfactorily by a sum of two exponentials. Examination of
the fluorescence emission by picosecond time-resolved spectroscopy indicated
that it was aclually composed of two overlapping bands. The p-ssible
formation of 0-xylene excimors has been proposed.

n-alkane backbone % Eé

(ne23405) q

Figure 1
An inquiry is currently underway (o examine: :
(i) The kinetics of the excited state processes occurring in these molecules; '
(ii) The consequence of apparently small structural perturbations in the o-
framework on the excimer minimum, and hence the photophysics;
(iii) The geomelrical and electronic changes occurring upon excilation, using
both ab initio and semiempirical calculations.
Recont workers have explored the kinetics of excimers formed from van
der Waals dimers in the rotationally and vibrationally cold environment of a
supersonic jel(?), It is belioved that the present study focuses on such
phenomena occurring in the condensed phase, but in this case the
chromophores are held in a closely overlapped configuration by a rigid
"c-framework". As a consequence, valuable insight is gained into the topology *
of the exciled state hypersurface in the region of excimer formation, ’

(1) G.D. Scholes, K.P. Ghiggino and G.J, Wilson, Chem. Phys., (in press).
() ¢.g., 11. Saigusa and E.C. Lim, J, Phys. Chem., 95, 2364 (1991).
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A photochemical and lasec-flash-photolysis study on exciplexes
of some diarylethylenes with electron donars and acceptors.

G.G. Aloisi, F. Elisei and U. Mazzucato ¢
Dipartimento di Chimica, Universitd di Pperugia
1-06100 Pecrugia, Italy

Several papers in the last decade have shown that intersystem
crossing and trans -+ cis photoisomecization of diarylethylenes
(DAEs) can be enhanced by charge transfer (CT) interactions with
electron donors or acceptors (1). In our laboratory a study on
exciplexes of styryl-derivatives of phenanthrene and anthracene
with am:nes (electron donors) has been cacried out, The effect
of the quencher on the (fluorescence and photoisomerization
quantum ylelds of the olefin has been investigated (2),
Moceover, the transients originated by CT interactions have been
characterized by pulsed techniques., 1In non-polar solvent the
tciplet is the main transient obgserved, while, in gcneral, only
vtadical ions acve present in acetonitrile (3).

In order to extend this investigation, we unde:took a
photophysical and photochemical study of the exciplexes of the
trans isomers of styrylnaphthalenes and their aza-analogues,
9=-styrylphenanthrene and some arylthienylethylenes with
dicyanobenzene, dimethylterephthalate and fumaronitrile
(electron acceptors),

the Fluorimetric measurements showed that the rate constants
for the quenching of the olefin fluorescence by the electron
accdeptors increase with decreasing of the reduction potential of
the quencher and reach the diffusional value for fumaronitrile
{the strongest acceptor) in acetonitrile, The trans - c¢is
photoisomerization is quenched or enhanced depending on the
ethylenic compound and on the solvent.

Laser flash photolysis experiments showed that in non-polar
solvents the main transient is the olefin triplet while in
acetonitrile the CT interaction produces the corresponding
radical lon pairs. The spectral and kinetic characteristics of
the radical cations of diarylethylenes were obtained in terms of
absorption spectra, lifetimes and formation quantum yields.

The laser flash photolysis investigation of these DAES was
also extended to the exciplexes with amines. Charactervization of
the vadical anion and of the triplet state was also performed.

ftleferences

(L) See w¢.g. P, D, Lewis, in “"Photoinduced Electron Transfer,
Part C. Photoinduced Electron Tcansfer Reactions: Ocganic
Substrates", M.A. Fox and M. Chanon €Eds,; Elsevier,
Amsterdam, 1988, and references therein, p. 1.

G.G. Aloisi and f. Elisei, J. Phys, Chem., 94, 5813 (1990).
F. Elisei, G.G. Aloisi and U. Mazzucato, J, Phys. Chem.,94,
5818 (1990); G.G. Aloisi, F, Elisei and H. Gdrner, J. Phys.
Chem., 95,000 (1991); .. Grner, F. Elisei and G.G. Aloisi,
J. Chem. Soc., Faraday Trans. 2, submitted.
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PHOTOINDUCED INTRAMOLECULAR CHARGE
SEPARATION IN PYRENE-DIMETHYLANILINE COMPOUNDS
(PDMA). AN EXPERIMENTAL STUDY IN n-HEXANOL

Gereon Hittmann, Wolfgang Kihnle, Hubert Stacrk and Alexander Wicssner

Max-Planck-Institut fiir biophysikalische Chemie, Ableilung Spekiroskopic
Am Fassberg, D-W3400 Gottingen, Germany

The intramolecular charge transfer (CT) reaction and solvalion dynamics of the
bichromophoric compounds 1-PDMA and 4-PDMA(s) have been studicd in alcohols using
picosecond emission spectroscopy and broadband picosecond time-resolved absorplion
spectroscopy. While fluorescence quenching and solvation in acctonitrile take place in < 500
femtoseconds the processes are slowed down ¢.8. in n-liexanol by about a factor of 100, and
can be followed spectroscopically at room temperature in the 10-500 ps range, The decay of
the locally cxited state (LEB) is strongly nonexponcatial and in the casc of 1-PDMA shorler
than the low-frequency dielectric relaxation time (tr,) of the alcohol solvent. The CT
fluorescence spectra show an unstructured broad emission band which undergoes a very large
bathochromic shift with increasing solvent polarity indicating a large dipole moment of the CT
species. The complex fluorescence kinetics which depend on wavelength can in fact be
explained in part by the time dependent red shift of the CT emission bands, Such kinetic
behaviour has recently also been observed with a different class of bichromophoric molecuies
in alcohols,'?

The results oblained with the model compounds PDMA provide the key for
understanding the kinetics of linked molecules e.g. of the type A-(CHy),-D, n = 1-4, in
alcohols,

o
\;/_g\\ *

't ,* ~ A
%@ o ©

4-PDMA(s) 1~-PDMA

L F, Heisel, J.A. Miehé, AW Szemik; Chem. Phys Letr, |38 (1987) 321.
2 C. Eckert, F. Heisel, J.A, Miché, R, Laponyade, L. Ducasse; Chem. Phys, Lent, 133 (1988) 357
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SOLVATOCHROMISMN IN ANILS

Eugenia Lambi, Dina Geagiou and Eugene Hadjoudis

N.C.8.R. “Demokritos”, 153 10 Aghia Paraskevi-attiki, Greece

The phenomenon of solvatochromism in anilsls2 (development of a new
absorption band in the spectral region near d40nm Lin polar hydrogen
bonding solvents) appsars much stronger in N-salicylidene-benzylamines
and -ethylamino and.propylamino anilines in comparison to N-salicylide~
neaniline, bconul; of the presence of the methyl groups hetween the
C = N double bond and the neighbouring to the nitrogen aromatic ring
which interrupts the resonance of the imino nitrogen lone pair electrons
with the N aystem of the aromatic ring resulting in a more basic
character of the imino nitrogen in the electronic ground state.

solvatochromism of anila has been attributed to an enol-keto

tautomeriam3.
vy = QO
OH O H tn

anol cis-keto
N-salicylideneaniline

However, IR and Raman spectra of N-salicylideneaniline (1) in
solvents less acidic than hexaflucroisopropanol have shown that the
C = N double bond remains intact and thus no tautomerization occurs®., 1t
sppears therefore that the origin of the 440nm visible absorption band
remains open for further ressearch.

In the present work the above mentioned compounds have been studied
comparatively in CHCljy and trifluoroethanol (TFE) by FT-IR spectroscopy.
In all cases in TFE new absorption bands are observed in the region
1700-1560 em~! indicating the formation of tha ¢is-keto tautomer. Kinatic
studies in ethanol indicate also, that the cis-keto tautomer is connected

by intermolecular hydrogen bond to one molecule of the soivent (2).

(1) J.Charette et al., Spectrochim. Acts, 20, 597 (1964).

(2) M.D, Cohen and s. Flavian, J. chem. Soc, B,321 (1967}).

{3) J.W. Ledbetter Jr., J. Phys, Chem, 81, 54 (1977).

(4) J.¥. Lewis and €. sandorfy, Can. J. Chem. §0, 1727 (1982),




TR

11-24

DYNAMICS OF MULTICOMPONENT SOLVATION SHELL

Viastimil Fidler™, Katefina Krijtova®, Stefan Vajda®, and Jirg Sehroeder

() Charles University, Department of Physical Chemistry, Albertoy 2030,
CS 128 40 Praha 2, (Czechostovakia)

(h) Institut fiir Physikalische Chetie, Universitiit Gittingen, Tammannstr.6,
W 3400 Gittingen, (Germany)

‘The solvation dynamics ol a Muoreseent probe (Coumarin 102) in the presence of an
clectrolyte (LICIO,) was studied by varying the ion concentration at smbicat and eleva-
ted pressure in acctone solution. Fluorescence decays were deterinined by time-correla-
ted single photon counting as described prcviuusly('),. ‘They were analyzed by two difle-
rent methods to yicld the solvation correlation lunction C(t) deseribing the solvation
cnergy relaxation after initial photoexcitation: (i) reconstruction of the complete time-
resolved emission spcclru(z) and (i) the time saving single-wavelength mclhod.(a'”

In the Coumarin 102/LiCIO/Acctone system a slow (ns) solvation shell refaxation
component was observed that appeared to be similar to the one reported by Huppert et
al.(s ). Atambient pressure, the relaxation time increased with decreasing ion concen-
tration even under conditions where LiCIO 4 Was stifl in excess of coumarin, At high
pressures (p = 300 MPa), however, this concentration dependence was found to be far
less pronounced. At certain jon concentrations the reconstructed spectra first showed u
rapid blue shift after excitation, followed by the expected red shift at later times. Similar
phenomena have been observed for dansyl dissolved in pure glycerol at specific
temperatures (viscusili«.:s)(o).

The applicability of the single-wavelength method is discussed in view of these
experimental results, which are interpreted in terms of diftusive contributions (o the
mechanism of sotvation shell relaxation,

(1) V.Fidler, §.Vujdu, Z.Limpouchovd, J.Dvotik, K.Prochidzka, and B, Bednif,
Coll.Czech.Conun, 50 (1989) 3011,

(2) M.Maroncelli and G.R.Fleming, J.Chem. Phys.86 (1987) 6221.

(3) V.luah and D.Huppert, Chem.Phys.Lett. 173 (1990) 496.

(4) V.Nagarajan, A,M.Brcarley, T.J.Kang, and P,F.Barbara, J.Chem. Phys.86 (1987) 3183,

(5) D.Huppert, V.Ittah, and E.M.Kosower, Clicm.Phys.Lett. 159 (1989) 267.

(6) §.Vajda ctal., to be published.
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KETO~ENOL TAUTOMERISM IN TIIE METASTABLE TRIPLET
STATE OF 2-(2~-DEUTEROXYPHENYL)BENZOXAZOLE AND
2-(2-DEUTEROXY-4-METIIYLPIENYL)BENZOXAZOLE

Heike Bisenborger, Beenhard Nickel, A, Andreas Ruth,
Wajili Al-Soufi, Karl 11, Greltmann and Mercedes Novo

Max-Planck~lnstitut fiie Biophysikalische Chemie, Ableilung Spektroskopie,
Am Fassberg, D-3400 Gottingen, Germany

Due to intramolecular proton transfer 2-(2'-hydroxyphenyl)benzoxazole (11BO) can
exist in two Lautomeric forms, an enol form (E) and a keto (K) form. Accidentally, in
the metastable triplet state of HBO, both forms have the same encrgy. For this reason
1BO shows a dual phosphorescence!, 3K* — 'K and 3E* ~ 'E, In 1{BO the keto-cnol
equilibration PK* = 313* is too rapid for its observation in an phosphorescence experiment.
lu its deuteroxy analogue DBO this equilibration is much stower than in 1130 and strongly
affects the initial time dependence of the dual phosphorescence.

In 2-(2'<hydroxy-4'-methylphenyl)benzoxazole (1n-Mell30) the energy of the keto
triplet state is higher than the energy of the enol triplet state and, thercfore, no keto
phosphorescence is observed.  In m-MeDBO, lowever, the 2K* w2 315 cquilibration is
slower and time-resolved measurciments show an initial keto phosphorescence.

Tnn both cases the sum of the rate constauts ki and kgg has been obtained from Lk
initial Ltime dependence of the dual phosphorescence, in good agreement with resuits of
Lransient-absorption experiments, It can be concluded froin these plhosphorescence expe-
riments that 315 is alinost exclusively populated by 3K* ~ 315* and not by intersystem
crossing '15° ~ ?12*, Purthermore, a large isotope clfect on the rate constants ky and ky;
has heen found,
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YMLI. Ntodrigner Privto, B. Nickel, K.1. CGrellmaun, A, Mordziiiski, Chem. Phys, Lalters 146, 387
(1088).
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EXCIMER AND EXCIPLEX INTERMEDIATES IN ANTHRACENE BUTTERFLIES

Gerurd 1. Wilson, Gregory D. Scholes and Kenneth P, Ghiggino by
The University of Melbourne, '
Parkville 3052, Victoria, Australia

Free radical synthesis of 1,2-(bis-9-anthryl)ethane (AEA) produces the isomer L as a side
product (1), It has been given the trivial name 'lepidopterene’ on account of its suggestive

shape.

The remarkably different photophysics and photochemistry of lepidopterene, AEA and the
photoisomer of AEA (AEAPI) have been examined using sieady-state and time-resolved
spectroscopy (), Temperature-dependent fluorescent spectra of AEA were numerically
resolved into the contributions from various underlying components using Principal Facior
Analysis, In addition the ground- and excited-state potential encrgy hypersurfaces were ;
detenmined using the semi-ecmpirical foree field of Warshel and Karplus modified to take into
account excimer interaction in the excited state ),
‘The quite different behaviours of the isomers can be rationalized in terms of the theoretical
ideas developed by Michl, based on the Woodwiud - Hoffminn rules for the conscrvation of
orbital symmetry,

(1) G.Felix, R.Lapouyade, A.Castcllan, 11,Bouas-Laurent, J.Gaultier and C.llauw
Tetrahedron Letts., 409 (1975)

(2 HL.-D.Becker K.Sandros and K.Andcrsson Chem. Phys. Letts 77 246 (1981);
J.Ferguson, R.J.Robbins and G.J.Wilson J.Phys.Chem., §8 5193 (1984)

(3) G.D.Scholes, G.J.Wilson and K.P.Ghiggino Chem. Phys. (in press)
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NAPHTHYL-QUINOLYL~ETHYLENES CONFORMERS:
A PHOTOPHYSICAL STUDY.

Giorgio Gennari, Pietro Bortolus and Guido Galiazzo.
Universita® di Padova, Via Loredan 2, 35131 ~ Padova (Italy),

The presence of rotational conformers of trans diaryl-
ethylenes in solulion is a well exlablished phenomenonl'zg In
our labc¢ratory, particular attention was devoted Lo the solvent
dependence of the photochemical and photophysical properties of
the rotamers of trans Styrylquinolines, both in neutral and
protonated forms. In general, the behavior of these molecules
depends on the position of the styryl residue with respect to
the heteraocyclic nitrogena. The twe conformers, when present,
have quite different deactivation parameters so that a strong
dependence of the photoisomerization and fluorescence quantum
yields on the excitation wavelength was observedd. This effect
is especially clear for the positional isomers bearing the
styryl group linked to the benzenic ring of the quinoline,
oWwing to high fluorescence yields and long lifetimes,

In order to study the conformational equilibrium of the
compounds substituded on the pyridinic ring, we have synthesi-
zed a series of naphthyl-quinolyl ethylenes, because the enlar-~
gement of the aromatic system generally increases the fluore-
scence properties, As expected, the obtained compounds display
a8 greater quantum yield of fluorescence and in this communica-
tion we report a detailed study of the emission characteri-
stics, studied by phase fluorometry technique, and their depen-
dence on the excitation wavelength.

1. E.Fischer, J.Photochem., 1981, 17, 331
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2 U.Mazzucato and F.Momicchioli, Chem.Rev.. in press §
3 G.Galiazzo, P.Bortolus and G.Gennari, Gazz.Chim.ltal, 1990, f
120, 581

4, G.Gennari, P.Bortolus and G.Galiazzo, J.Mol.Struct. in presc %
%
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EXCITED-STATE PROTON-TRANSFER PROCESSES
IN 2-PYRIDYLBENZIMIDAZOLES
M. Mosquera, M. Novo, C. Rios, F. Rodriguez Pri=sto
Dpto. Quimica Fisica. Universidad de Santiago.
E-15706 santiago de Compostela., SPAIN.

Ground- and excited-state acid-base behaviour of 2-(n'-
pyridyl)benzimidazoles (n' = 2,3,4 called 2pPBl, 3PBI and 4PBIl
respectively) in agueous solution has been studied over a wide
range of acldity. UV absorption and £luorescence eminsion
spectra were measured as a function of pH in ordex to identlify
the varlous species that exist depending on acidity and the
processes taking place between those specles.

Absoxrption spectra reveal that the £irst ptotonptlon of
2PBI and 3PBI isomers takes place at the benzimidazole N3,
whercas for 4PBI the N3-protonated specles and the specles
protonated at the pyridyl N are present in roughly equal
propoxtions due to the simllarity of the basicities of these
two N atoms,

Dual fluorescence is observed for 2PBI in acid media® and
for 4PBl at any acidity in the pH range from 1 to 13, whereas a
single band appears in the emission spectra of 3PBI. The high-
energy emission band shown by all three compounds is due to
emission of both neutral species and monocation protonated at
the benzimidazole N3 as a function of acidity. For 2PBI and
4PBI, the low-energy emission band is attributed to the species
protonated at the pyridyl N, which is formed by proton-transfer
processes in 2PBI and also by direct excitation in 4PB1, due to
an increase of baciclity of that N atom in the excited state.

2PBl1 3PBI 4PBI

1. F. Rodrxiguez Prieto, M. Mosquera, M. Novo, J, Phys. Chem.,
1990, 94, 8536,
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WAVELENGTII AND TEMPERATURE EFFECTS ON
TTE PHOTOCHEMISTRY OF VITAMIN D

LM, Yroom and I1.).C. Jucobs
Leiden University, Departiient of Organic Chemistry,
P.0. Box 9502, NL-2300 RA leiden, The Netherlands

Ultraviolet irradiation of vitamin D produces six photoproducts S1 to S6(1): two
stereoisomeric bicyclo]3.1.0Jhexenc derivatives, suprasicrols S1 and 82, two siereoisomeric
allene derivatives, suprasterols S3 and 84, and two stercoisomeric cyclobutene derivatives,
suprasterols 85 and S6. The two suprasterols S1 and 52 arc formed as major photoproducts.
The cis/trans isomerization product, trans-vitamin D, is only isolated after short-tenm irradiation

in sotution(®), The formation of S1 and S2 has been related( to the occurrence of vitamin D in

two ¢Zt conformations that ditfer in the scnsc of helicity of the triene chromophore,

In order to investigute the relationship between the helicity and the possible influence of
varying amounts of excitation energy on the photoproduct formation and in particular on the
ratio S1/82 we have studied the effects of wavelength, solvent and temperature on the
photochemistry of vitamin D. Quantum yields of product formation in diethyl ether were
determined. Crystalline vitamin D and vitamin D analogues were also irradiated.

When vitamin D is irradiated at room temperature at wavelengths longer than 302 nm all
six photoproducts are formed. At shorter wavelengths the two allene derivatives 83 and §4 arc
not found in the irradiation mixture, The rutio of S1 and $2 docs not reflect the ground state
equilibrium. At lower temperature irradintion at 302 and 313 nm produces more S2 than
expected from the temperature-induced change of the ground state equilibrium, At A shorter
than 302 nm the formation of S1 is favoured in the solvent isooctane; in cther and cthanol the
proportion of S2 grows faster,

Irradiation of crystalline vitamin D and its analogues does not show a direct relation
between the helicity in the ground stite and the formation of ST and 82 cither,

(1) S.A. Bakker, J. Lugtenburg and E, Havinga, Recl. Trav, Chim. Pays-Bas 1972, 91,
1459

(2) R. Mermet-Bouvier, Bull. Soc. Chim, Fr. 1973, 3023

(3) JL.W.J. Giclen, Ph.D, Thesis, Leiden 1981

(4) EM. Vroom and 11.1.C, Jucobs, Abstracts of the X1thh IUPAC Symposium on
Phiotochemistry, University of Warwick, Coventry 1990
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ULTRAFAST CONFORMATIONAL RELAXATION PROCESSES IN
SATURABLE DYES STUDIED BY TIME RESOLVED SPECTROSCOPY

Monique M. MARTIN, Pascul PLAZA, Nguyen DAL HUNG, Yves i1, MEYER
Laboratoire de Photophysique Moléculaire du CNRS, B4t 213,
Université Paris-Sud, 91405 ORSAY, Fruvce,

Photoinduced conformational relaxation such as photoisomerization involve lurge
amplitude internal molecular motion which can be monitored by time-resolved spectroscopy.
Extensive experimental studies have be. n reported on intramolccular rearrangements of
olefines, polymethine and triphenylmethiane dyes. In the recent years, particular attention was
given to ultrafast photoisomerism processes in the latter three classes of compounds by
picosccond and femtosecond studics (1-3 and refcrences therein). Polymethine and
triphenylmethanc saturable absorber dyes are used for luser applications such as passive mode-
locking or short pulse amplifiers decoupling. More recently they have been applicd to
extracavity lascr pulse shortening down to the subpicosecond level (4,5].

In order to understand the molecular processes responsible for the ultrafast absorption
recovery of triphenylmethane saturable absorber dycs in fluid solutions, we measured their
time-resolved transicnt absorption and gain spectra in the 320-750 nm wavelength runge after
subpicosccond laser excitution [6]. The obscrved transient spectra can be described by the
superposition of the ubsorption and/or gain spectra of the ground and first excited stafes, and of
a highly unstable transicut state involved in the excited state relaxation process. The absorption
cross scctions of the transient state as well as the absorption and stimulated emission cross
scctions of the dye first excited Sy stute were extracted from these experiments and from
stationury fluorescence measurements, The transicnt state absorption spectrum wats found to be
similar to that of S but spectrully shified 10 higher encrgies and attiibuted to a non fluorescent
excited state conformer,

In order to characterize the photoinduced conformational change we undertook time-
resolved anisotropy experiments. Pump-probe experiments with polarized light provide a mean
to monitor changes in Uic direction of the transition dipole moment for the solution excited state
clectronic absorption during its relaxation process, The results obtained in time-resolved
anisotropy measurements in the range of a few picoscconds will be presented.

[1) S. Abrash, S, Repinee, and R.M, Hochsirasser, J, Chiem, Phys,, 93, 1041, (1990)

2] I%. Heiscl, JLA, Miché and J, Rachidi, Chem, Phys, Letiers, 334, 379 (1987)

131 A, Moklari, L, Fini and J, Chesnoy, J. Chem, Phys., 87, 3429, (1987)

(4] F. Nesa, M. M, Martin and Y, H, Mcyer, Opt, Commun,, 75, 294, (1990)

151 N.D, Hung, Y. 1. Meyer, M. M, Murtin, F. Nesa, “Ultrafast Phenomena in Spectroscopy®, Bds.E, Klose,
B. Withemi, Springer Proceedings in Physics 49, Springer-Verlag, 1990 p, 33

{6} M.M. Martin, P. Plaza, Y1, Meyer, Chem.Phys,(1991) in press
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RELAXATION CONFORMATIONNELLE ULTRARAPIDE DES COLORANTS
SATURABLES ETUDIEL PAR SPECTROSCOPE RESOLUL EN TEM{'S

Mounique M. MARTIN, Puscal PLAZA, Nguyen DAT HUNG, Yves 11 MEYER
Laboratoire de Photophysique Molécutuire du CNRS, Bt 213,
Université€ Paris-Sud, 91405 ORSAY, France.

Lau reluxution conformationnclic photoinduite, par excruple Iu photoisomérisation, met en
jeu des mouvements moléculaires de grande amplitude qui peuvent &re détectés par
spectroscopic résolue en temps. Au cours de ces dernidres nnnées les réarrangements
intramoléculaises ont fait I'objet d'un grand nombre d'éludes expérimentales A 'échelle des
pico- et femtosccondes, duns les oféfines, les polyméthdnes ct les triphénylmdthunes [1-3 et
références incluses). Les colorants appartenant sux familles des polyméthenes et
triphénylméthancs sont des absorbants saturubles trds wtilisés cn technologic laser, pour le
blocage en phase des modes d'une cavité ou pour découpler les amplificateurs des sysitmes
fasers & impulsions courtes et plus récemment, pour raccourcir les impuisions lasers par
propagation résonnunte extracavitd, jusqu'au nivean subpicoscconde {4,5]

Dans le but de comprendre les processus moléeulnires responsablies du retour
d'ubsorption ultrarapide des solutions de triphénylmthanes utilisées comme absorbants
saturables, nous avons mesuré les spectres d'absorption transitoire et de gain de ces solutions,
entre 320 et 750 nin, uprés une excitition luser subpicoseconde {6}, Nous avons montré que les
spectres transitoires observés peuvent &ire décrits comme la superposition de spectres
d'absorption ct/ou de gain de I'état fondamental, du premier €lat excité Sy et d’un éint transitoire
fugace mis ¢n jeu dans le processus de relaxation non radiutive de 1'élat Sy, Nous avons extrait
de cette analyse les spectres de sections efficaces d'absorption de état Sy et de Uinennédiaire.
Le specire de Vétat interméedinire est voisin de celui de Sq, mals déplacé vers les hautes
fréquences, Nous avons attribué cet intermélinire 3 un confonmdre non fluorescent de 1'étut
cxcité,

Dans fe but de caractériser le changement de géométric de 'état excité, nous avons
cntrepris des mesures d'anisotropic, Les expéricnces pompe-sonde résolucs en temps en
lumidre polarisée (en Nixunt les directions de polurisation des laisceaux pompe et sonde,
orthogonales ou paratidles), permettent de suivre fe changement de direction du moment
dipolaire de transition d'absorption de 'état excilé accompngnant le changement de péométric,
Nous présenterons fes résultats obtenus dans I'élde de Fanisotropic & I'éehelle de quelques
picosecontles,

{1] S, Abrash, S, Repinec, and R.M. Hochstrasser, . Chem, Phys,, 93, 1041, (1990)

12) F. Heiscl, J.A, Miché and J, Rachidi, Chem, Phys, Letters, 134, 329 (1987)

13 A, Mokhtad, L. Fini and J. Chesnoy, . Chein, Phiys,, 87, 129, (1987)

{4] F. Nesa, M. M, Martio and Y, 1. Meyer, Opt. Commun,, 75, 294, (19%0)

15) N.D, Hung, Y. i}, Meyer, M. M, Martin, I, Nesa, “Ultrfast Phenomena in Speclioscopy”, Bds.E. Klose,

0. Wilhiemi, Springer froceedings in Physics 49, Springer-Verfug, 1990 p. 33
16] MM, Matin, P, Mlaza, Y11 Meyer, Chiem Pliys.(1991) in press
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ETUDES PAR SPECTROSCOPIE LASER ULTRARAPIDE DU
TRANSFERT DE CHARGE INTRAMOLECULAIRE ET DE
L'ISOMERISATION TRANS-CIS. LE ROLE DU SOLVANT.

L C. Mialocq , S. Marguet , Ph, Hébert , T, Gustavsson , X. Armand
CEA/ CE Saclay , DSM , DRECAM /SCM / URA331 CNRS et
DRECAM /SPAM. F-91191 Gif-sur-Yvette Cedex (France)

Les molécules de colorant possédant un groupe donneur et un
groupe accepteur d'¢lectron reliés par un pont insaturé présentent un
fuible recouvrement entre leur spectres d'absorption et de fluorescence.
Certaines ont d'excellentes propriétés laser: large accordabilité, fort taux
de conversion, et faible scuil de pompage. Le composé DCM ( 4-
(dicyanométhylene)-2-méthyl-6-[p-(diméthylamino)styryl}-4h-pyrane est
un colorant laser styrénique largement utilisé, Cependant, des composés
organiques connus comme rotors moléculaires, bien que présentant des
structures chimiques et des spectres d'absorption et de fluorescence
similaires, ont de mauvaises propriétés laser. Nous présentons dans ce
papier une étude des propriéiés photophysiques et photochimiques du
DCM cn tant que moléculc modile pour la détermination des
caractéristiques de nouveaux colorants laser.

Les importantes modifications induites par le solvant sur les
propri€iés spectrales et la compétition entre les processus radiatifs et
non radiatifs (conversion interne S{— S, trans-cis isomérisation) ont été
étudiées A l'aide de spectroscopies lasers nanoseconde et picoseconde.
Nous avons déterminé quantativement 'efficacité des différents
processus de désactivation du premier état singulet excité, Les
rendements quantiques absolus de photoisomérisation du DCM ont été ¢
obtenus précisément au moyen d'un actinomitre au ferrioxalate. Plus
que la viscosité, la polarité du solvant scmble étre un facteur
déterminant, La photoisomérisation cst limitée dans les solvants trds
polaires (méthanol, acétonitrile, diméthylsulfoxide, formamide,
méthylformamide, diméthyiformamide,...) mais trés efficace dans les
sofvants faiblement polaires (chloroforme, dichlorométhane,
tétrahydrofurane,...). Nous commenterons plusicurs modeles possibles de
désactivation non radiative du premier état singulet excité,
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ULTRAFAST LASER SPECTROSCOPY STUDIES OF PIIOTOINDUCED
INTRAMOLECULAR CHARGE TRANSFER AND TRANS-CIS ISOMERXIZATION,
THE ROLE OF THE SOLVENT,

J. C. Mialocq, S. Marguet, Ph. Hébert, T. Gustavsson, X. Armand

CEA/CE Saclay, DSM, DRECAM/SCM/URA331 CNRS and DRECAM/SPAM
F-91191 Gif-sur-Yvette Cedex (France)

Dye molecules baged on donor-acceptor chromogens
constituted of an electron donor group and an blectron acceptor
group linked by an unsaturated bridge are romarkable as regards
the weak overlap between the absorption and £luorescence
spectra. Some of them present excellant laser properties: broad
tunability, high conversion efficiency end 1low pumping
threshold. The compound DCM or 4-(dicyanomethylene)-2-methyl-
6-[p-(dimethylamino)styryl]-4li-pyran is a8 widely used styrene
lager dye. However, organic compounds known as molecular
rotors, although presenting similar chemical structuras,
absorption and fluorescence spectra, have poor fluorescing and
lasing properties. The present paper is devoted to an extensive
study of the photophysical and photochemical properties of DCM,
as a model molecule in order to design new efficient laser dye
molecules.

The dramatic effect of the solvent on the spectral
properties and the competition between the radistive and
nonradiative $1—8Sy 1internal conversion and trans-cis
isomerization processes 1s examined using picosecond and
nanosecond laser spectroscopy. The various paths of the
deactivation of the first excited singlet state are
quantitatively determined. The absolute quantum yields of DCM
trans-cis photoisomerization have been measured accurately with
respact to the ferrioxalate actinometer. Besides viscosity, the
solvent polarity i1s shown to play a more important role.
Photoisomerization i1is inefficient in highly polar solvents

(methanol, acetonitrile, dimethylsulfoxide, formamide,
methylformamide, dimethy’formamide,...) but very efficient in
low polarity solvents (chloroform, dichloromethane,

tetrahydrofuran,...). Possible models for the non radiative
deactivation of the first singlet excited state are discussed.
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Adiabatic cis-trans photoisomerizations of some bisstyryl

compounds
lugjnld Anger*, Mikacl Sundabd®*, Kjell Sandtos**, Olof Wennerstrim®*

The traditionally accepted mechanisin of Z-E photoisomerizations of
olefins has been the diabatic mechanisin: in the excited state the most stable
geometry is such that the double bond is twisted 90°, FFrom this geometry the
excited molecule decays to the ground state where it isomerizes to either Z or
E configuration!. However, Prof, K. Tokumaru and co-workers have found
somne antracenyl ethylenes where the plare geometry, in the excited triplet
state, is more stabilized than the perpendicular one. This means that these
substances, in the excited state, isomerizes according to an adiabatic
mechanism.The adiabatic mechanis.n implies that the entire isomerization
process occurrs on the excited er-rgy surface, and that it is usually one-way
(usually cis to trans)?,

As a consequence of the adiabatic isomerization process, substunces with
more than one double bond, on a single excitation, might show Z-E
photoisomerization of more than one double bond. A styryl stilbene (1),
studied by K. Sandros, M. Sundahl et. al., shows adiabatic Z-E isomerization

on both the excited singlet and triplet excited surfaces®4, A few other
bisstyryl compounds (:,3,4) have been studied with respect to isomerization
quantum yields, photostationary states, and triplet life-times, determined with
laser flash photolysis. In this series of bisstyryl compounds it seems that the
adiabatic behaviour of the Z-E photoisomerization becomes increasingly
pronounced as the triplet energy of the central aromatic unit drops.

X \ O
5 X oo

,\/ ’\’

ZE (1) ZE (2) ZE (3) EGE (4)

ko 4 P2

!Saltiel, J.; Charlton, J. L. Rearrangements in ground and excited states, Vol 3, ed.
P. de Mayo (Academic Press, New York, 1980).

250, T et. al. Pure Appl Chem. 60 (1988) 989 and references therein,

ISandros, K. er. al. J. Am. Chem. Svc. £12 (1990) 3082.

4Sundalil, M, et. al. J. Phys. Chem, 94 (1990) 6731,

*Department of Organic Chemistry, Chalmers University of Technology, s-412 96
Giteborg Sweden,

**Deptment of Physical Chemistry, Chaltmers University of Technology, s-412 96
Giteborg Sweden.
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ETUDE THEORIQUE DU COLORANT STYRENIQUE DCM:
EFFICACITE DE LA PHOTOISOMERISATION ET ETATS TICT.
UNE ETUDE CS-INDO MRCI.

S, MARGUIZT, J.C. MIALOC@* and . MILLIE

CEA CE Sacluy, DSM/ DRECAM/ SPAM 91191 Gif - sur -Yvelle Cedex Fratce,

* SCM, URA 331 CNRS.

G. BERTIIER

Institut de Dlologle Physico-Chimique, 13 Rue Pierre el Marte Curile, 75005 Parls,
F. MOMICCHIOLI

Diparttmento dt Chtinica, Untversita di Molena, Via Campt 183, 41100 Modena, ltaly

Dans le but d'expliquer l'effet de la polarité du solvant sur
I'efficacité de 1a photloisomérisation trans-cls el la struclure
électronique des étlats excliés du colorant laser DCM, des calculs de
chimie quantique MRCI (Mulll. References. Configuration,
Interaction) ont été cffectués dans le cadre des approximations
INDO. Nous présenterons ainsl, les courbes d'énergic potenticlle, ics
moments dipolaires ct Ia répartition des charges éiectroniques
correspondant A I'état fondomental et aux premiers états cxcités
singulets ct triplets du DCM, obtenus lorsque i'on fail tourner la
molécule autour de la double lialson centrale ct de la llalson simple
entre le groupe diméthylamino- et le noyau benzénique, Nous avons
¢galement envisagé les rotations autour des trols stimples laisons
pouvant condulre A la formation d'états TICT (Twisted
Intramolccular Charge Transfer). La méthode a été testée sur une
molécule modéle le DMABN & partir de laquclle nous commenterons
la validité des différents modéles de solvalation ulilisés.

La courbe du premier élal excllé singulet du DCM, présente
une faible barriére d'énergic potenticlle & Pisomérisation trans-cis,
qui n'est pas allectée par la polarité du solvant. Le scul état excilé
singulet présentant un large caractére de translert de charge est
I'état S2 dans une conformation ot le groupe diméthylamino est
perpendiculalre au noyau benzénique. La proposition d'une
désactivation électronique de I''somére trans dans I'élat localement
excité par formation d'un élal TICT sera commentée en tenant
comple des approximations de cette approche théorique.
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THEORETICAL STUDY OF THE DCM STYRENE DYE :
PHOTOISOMERIZATION EFFICIENCY AND TICT STATE.
A CS-INDO MRCI STUDY.

S, MARGUET, J.C. MIALOCQ* and P. MILLIE

CEA CE Saclay, DSM/ DRECAM/ SPAM 91191 Gif - sur -Yuelle Cedex France,

® SCM URA 331 CNRS,

G. BERTHIER

Institut de Biologle Plystco-Chinique, 13 Rue Pierre et Marle Curle, F-75005 Paris,
F. MOMICCHIOLI

Dipartimenio dt Chinlca, Unlversita dt Modena, Via Campt 183, 41100 Modena, Italy

The solvent-induced changes upon the trans-cis isomecrization
cfficlency and clectronic structure of the excited states of the DCM
styrene dye (4-(dicyanomethylene)-2-methyl-6-|p-(dimethylamino)
styrylj-4H-pyran) , have been considered by means of CS INDO MRCI
calculations (Conformations. Spectra, Intermediate. Neglect of
Differential. Overlap, Multl, References. Configuration. Interaction),
Potential enerdy curves, dipole moments and atomic charge
densities as a function of two internal coordinates, namely, the
rotation angle about the central "double” bond and the twisting of the
dimethylamino group, have been obtained for the ground state and
the lowest excited states. Structural requircments for the existence
of ICT (Intramolecular Charge Transfer) cxcited states has been
investigated by consldering intcrnal rotations about three single
bonds. The relfability of the potentlal energy surfaces and of the
solvation models has been discussed from test-calculations on the
DMABN molecule,

In the first excited singlet state of DCM, the low energy barrier
to the trans-cis Isomerization, has been found unaffected by the
solvent polarity. The only singlet excited state, presenting a large
ICT character, has becn found to be the S2 state for a
perpendicularly twisted conformation of the dimethylamino group
(TICT state). The assumption of a deactivation of the trans-isomer in -
the locally exclled state, through the TICT funnel has been largely
discussed with reference to the simplifications of the present
theoretical approach.
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HYDROGEN TUNNEL EFFECTS IN THE
METASTABLE TRIPLET STATES OF
2-(2'-lIYDROXYPIENYL)BENZOXAZOLE AND
2-(2'~-HYDROXY-4~METHYLPHENYL)BENZOXAZOLE

Whajih Al=Soufi, Karl Il. Grellmann and Bernhard Nickel

Max-Planck-lustitut fiir Diophysikalische Chemie, Abteilung Spektroskopie,
An Fassberg, D-3400 Gattingen, Germany

2-(2'-hydroxyphenyl)bensoxazole (11BO) and 2-(2'~hydroxy~4'-methylphenyl)bensoxasole
{MHBO) can exist in two tautomeric forins, the enol-tautomer E, and the keto-tautomer K.

SH-0 e
N
LA S~
O 0
R=1H: npo E K
R=Clly: MHBO B, Km

Flash exitation of IIBO leads to the exclusive forination of the keto triplet state *IK* within

a few nanoseconds. This state then rearranges to the enol triplet state 31*, whereby an equi-
Ayo
librium *K* 7=3E* is established within microseconds. During this equilibration a hydrogen

atomn migrat:': between the N- and the O-atom of HBO,

The temperature dependence of the rate constants ky, and ky is soleley determined by hydro-
gen tunnel effects. Replacement of the migrating hydrogen by deuteriuim (DBO) reduces the
equilibration rate by a factor of 1000, i.e. due to this isotope effect the equilibrium between
the two triplet states of DBO is established within milliseconds, Below =70 K the equilibration
reaction of HBO and DBO becomes temperature independent.

Since the observed lifetines have values which can easily be determined experimentally, the
couple IBO and DBO is the first example where rate constans of hydrogen tunneling could be
determined for both isotopomers between 30K and 250K in a varicty of alkane solvents with
drastically different viscosities. This nade il possible to explore the important question how
solvent friction influences hydrogen tunnel effects,

After introduction of a methyl group in 4'-position of IIBQ, the two triplet states 3K, and
3E;, are no longer isoenergelic, with the result that the equilibrium is shifted towards 3Ej,,
because 3K?, lies 2300cm=! above 3E:,. The influence of this shift on the hydrogen tunnel
effects has been investigated at different temperatures between 30 K and 250 K and the results
are compared with those obtained with the unsubstituted compound 11BO,
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The Oxenium Jon, an Intermediate formed by
Protonation of Aromatic Ketones in the Triplet State ?

P Senn and J. Wirz

Institut fiir Physikalische Chemie der Universitiit Basel
Klingelbergstrasse 80, CHI-4056 Bascl (Switzerland)

Although the photochcmistry of aromatic ketones has been studied
extensively, little is known about the reactivity of their cxcited states in
water.(1:2) Protons quench n* triplets,(2) but it is not known what the nature
of the quenching is. To address this question we have studied acctophenone and
related aromatic ketones.

Upon photolysis of acctophenone with an excimer laser or a conventional
flash lamp, a long-lived intermedi-te I with absorption maximum at 280 nm is
formed in acidic aqucous solution. The lifetime of I, t=0.5 s, at room
temperature docs not depend on oxygen or proton concentration, Stern-Volmer
analysis shows that the intermediate I is o product of the protonation of the
triplet. For acctophenone this intermediate I is formed within the 20 ns lascr
pulse, but for benzophenone a new intermediate 11 leading to I is formed with
the same rate as the decay of the triplet. The lifetime of IT is 50 ns and does not
depend on the proton concentration.

No stable products arc formed under conditions where the intermediates I
and 11 are detccted. Also, no 11/D exchange in the phenyl ring is found,

The scheme represents our current working hypothesis to explain the
obscrvations. Suggestions for critical experimental tests or alternative
hypotheses are welcome,

Scheme
3 3 i
R_.O RO+
I
ma———
tl enm—
hv
R_.O 1
11,0
RH

R
R = Me, l’h:\ 0
(B’" "
e !
1

() J. B Ircland, P AL LL Wyatt, J.C.S. Faraday 1, 1973, 69, 161
(2) M. B. Ledger, G. Porter, J.C.S. Faraday 1, 1972, 68, 539
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PHOTOLYSIS OF MATRIX~-ISOLATED NHs:
MODEL~ASSISTED IDENTIFICATION OF TRAPPING SITES
IN ELECTRONIC SPECTRA OF THE PRODUCTS

Ulrich Schurath, Carsten Blindauer and Martin Winter
Institut filr Physikalische Chemie, Wegelerstr. 12, D-53 Bonn 1

It has been generally assumed ip the literature that doping of
rare gas matrices with ammonia yields NH: on single substitu-
tional sites in an fcc environment. In situ photolysis of
matrix~isolated NHy in the VUV yields NH: and NH. While the
visible absorption spectrum of NH: in Ar, Kr, and Xe exhibits
only one site, two sites are resolved in approximately equal
proportions in Ne, separated by about 50 cm-!, We have recently
shown! , by analysing a substructure superimposed on each rota-
tional line of the forbidden atA <-> X?%- transition that NH
actually occupies two nearly degenerate sites in Ar, Kr, and
Xe, in approximately equal proportions, We assign these to NH
in single substitutional sites in fce and hep environments,
Site-selective detection on the spectrally resolved substruc-
ture components of the a'A -> X33~ rotational lines has enabled
us to resolve excitation spectra of either site on the Alf <~
X33~ transition, but not on the ¢!l <~ a!'A transition, which
was studied in a two 1laser experiment. Local modes can be
observed in the phonon sidebands of the ¢gas phase forbidden
bty -> a!A transition, which is vibronically induced by the
matrix. Comparison of the local mode frequency in argon with
model calculations strongly supports the assignment to a single
substitutional site, The calculations confirm the degeneracy of
the sites in fece and hep, and predict local modes of conside-
rably hig: er freguency on interstitial sites. A careful search
of the atA ¢-> X3¥- spectrum, while exciting different portions
of the A3 <~ X?¥- transition region, confirms the existence of
another non-rotating NH with local modes in the expected fre-
quency range, which is tentatively assinged to interstitial NH.

1C. Blindauer et al., Chem. Phys. 150 (1991) 93-108
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Generation and Transformation of Excited
Hydroxydiphenylmethyl Radicals in the
Benzophenone-Ethanol System

Rolf Schulte Og¢strich, Waldemar Adam
Institute of Organic Chemistry, University of Wiirzburg, Aimn Hubland,
D-8700 Wiirzburg, Germany

The chemistry of the hydroxydiphenylmethylradical 1 in clhanol was
examined. Radical 1 was preparcd by hydrogen abstraction of triplet
benzophenone from cthanol. At low photon Intensitics (lamp), radical 1
combines with a solvent-derived radical to form pinacol 2 or it dimerizes
to benzpinacol (4). At high photon densitles {laser jet) excitatlon of
radical 1 ylelds mych higher amounts of the substituted benzophenone 3
and benzhydrol (5).

rei. yizld [%] of products”

PhC=0
Photolysis mode 2 3 4 5
i hv Laser Jet 20 51 11 18
Ph,C=0° Lamp 1 30 o6 3
4 anaLal a) Normalized 1o 100%,; error ca. 5 % of stated value

. . ¢ lv . *
l:Ph;,COH + nocncu{l .~ PiCOH — > PhCOM |
cag

1 1
) CILCH,On
hv P, 00N
OX.
cugion il
o .
Ph-C CHCHy M, C-ClICH Ph,C - CPh 5 _
A o ;1% i 1o it PloCHOLE  PhyC=0
2 3 4 5
Scheme 1

Formation of 2 is rationalized by combination of radical 1 with an cthanol
derived radical and subsequent in situ oxidation. The intensity dependent
formation of benzhydrol speaks for the ability of the excited radical 1* Lo
abstract hydrogen from ethanol, a hitherto unknown reactivity of this
exc..cd radical species.

Acknowledgements
For genecrous flnanclal support by the DFG, the Fonds der Chemischien
Industrie, and the Sufterverband we are most grateful.
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THE PHOTOCHEMISTRY OF SOME 2-HALO-1,3-DIENES

Erik S. Krijnen and Gerrit Lodder
Leiden University, Department of Organic Chemistry
P.O. Box 9502, NL-2300 RA Leiden, The Netherlands

Irradiation of vinyl halides in solution affords both products derived
from vinyl radical- and from vinyl calion-intermediates The mechanism of
formation of these Intermediates is still a subject of discussion. Homolytic
bond cleavage of the. carbon-halogen bond and subsequent electron transier
as well as direct homolysis and heterolysis have been suggested".

In order to get more insight in the mechanism and as part of our
quantitative study of structure-photoreaclivity relations in vinyl halide photo-
chemisity we have studied a series of {i-halo,-fi-(methyl-subslituted) ethenyl-
styrene systems such as |, Il and il ( X = Cl, Br ).

cH, €,

CHy

Quite efficient dehaloger.ation (from S,) and formation of (i.a. allylic
rearranged) ionic producls are observed. No radical products were delected.

" See e.g.¢

Kropp, P.J., McNeely, S.A., Davis, R.D., J. Am. Chem. Soc., 105, 6907
(1983).

Kitamura, T., Kobayashi, S., Taniguchi, H., J. Am. Chem. Soc., 108, 2641
(1986).

Van Ginkel, FIM., Cornelisse, J., Lodder, G., J. Am. Chem. Soc,, 113,
{1991) in press.
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CIDNP and CIDEP Studies on Intramolecular Hydrogen
Atgtraction Reaction of Polymethylene linked
xanthone and xanthene.

Kiminori Maeda, Naotoshi Suzuki, Qing-Xiang Meng, Kouei Suzuki,
Masahide Terazima'), Tohru Azumi.

Department of Chemistry, Faculty of Science, 7Tohoku University,
Sendai 980, Japan.

Yoshifumi Tanimoto

Department of Chemistry, Faculty of Science, Hiroshima University,
Hiroshima 730, Japan.

Intramolecular hydrogen abstraction reaction of a polymethylene
linked xanthone and xanthene is investigated by using chemically
induced dynamic nuclear and electron polarization (CIDNP and CIDEP)
methods. The reaction scheme is determined from the CIDNP and CIDEP
spectra of unlinked xanthone and xanthene system. The exchange
integral J between the two terminal radicals of the polymethylene
linked system is obtained from both of the simulation of the radical
pair CIDEP spectrum and the magnetic field effect of the low field
CIDNP respectively,

In the simulation process of the CIDEP, we used the spin
correlated CIDEP theory modified with (a) the fast population
relaxation between the central S$-Ty mixed statel’, (b) the
contribution from the triplet mechanism, and (c)hyperfine line
dependent line width?), The J values obtained from this method
depend on the polymethylene chain length and the temperature. The K
magnetic field effect of the CIDNP is simulated by the stochastic
Liouville method, and the effective J value is obtained from the
peak position of the magnetic field effect. The tendency of the
chain length and the temperature dependence of the effective J
values is same as the results of CIDEP. But the quantitative value
is larger than that of the CIDEP. We conclude that the isomers of
the biradicals which have shorter interradical distance can be
measured by the CIDNP method than that of CIDEP.

+) Present address: Department of Chemistry Faculty of Science,
Kyoto University, Kyoto , Japan.

\} M,Terazima, K.Maeda, T.Azumi, Y.Tanimoto, N.Okada, M. Itoh Chenm.
Phys. Lett. 1989, 164, 562.

2) K.Maeda, M,Terazima, T.Azumi, Y.Tanimoto, J. Phys, Chem.
1991, 95, 197.
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SPECTROSCOPIE LASER DE PHOTOAMORCEURS SOUFRES :
LES COMPOSES S-PHENYL THIOBENZOATES

F. MORLET-SAVARY, J.P. FOUASSIER, D. RUHLMANN

Laboratoire de Photochimie Générale, Ecole Nationale Supérieure de Chimie de
Mulhouse, 3 rue A. Werner 68093 Mulhouse Cedex (France)

H. TOMIOKA

Department of Industrial Chemistry, Faculty of Engineering,
Mie University, TSU MIE 514 (Japan)

Y. TAKIMOTO

Technical centre, Nippon Paint Co., i.td., Neyagawa, Osaka 572 (Japan)

Le photoamorgage d'un processus de photopolymérisation radicalaire dépend
de V'efficacité du photoamorceur. De nombreux photoamorceurs efficaces existent,
mais on recherche de nouveaux composés possédant a la fols une meilleure
photosensibilité et une plus grande réactivité., Les compasés S-phényl
thiobenzoatles de part fa faiblesse de la liaison C-S générent facilement des
radicaux benzoyls. Nous avons moniré que les radicaux benzoy! et thiyl étaient"
formés par coupure de la liaison C-S dans le premier état excité triplet {1].

Les expériences de speclroscopie laser résolue dans le temps nous ont permis
de metire en évidence le radical benzoyl ainsi que d'étudier la désactivation de
I'état triplet. L'étude de la photopolymérisation amorcée par les composés S-phényl
. thiobenzoales a montré que le rendement est directement lié a I'efficacité du
photoamorceur. Caes expériences nous aménent 4 conclure que certains de ces
composds peuvent étre plus elficaces que les composés de type benzoine éther.
Cecli est vraisemblablement lié¢ & une meilleure absorption de la lumiére. Les
radicaux benzoy! et thiyl agissent respoclivement dans I'élape d'amorcage et de
terminaison.

Réiérences :

{1] H. Tomioka, Y. Takimolo, M. Kawabala, M. Harada, J.P. Fouassier and D.
Ruhimann, J. Photochem. Photobiol. A : Chem., §3, 359, (1990).
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LASER FLASII PIIOTOLYSIS AND ‘T1IE PIIOTOPOLYMERIZATION STUDY
ON SULPHUR CONTAINING PHOTOINITIATORS: S-PHENYL
THIOBLENZOATE.,

F. MORLET-SAVARY, J.P. FOUASSIER, D. RUIILMANN

Laboratoire de Photochhinie Générale, Ecole Nallonale
Supéricure de Chimie,
3, ruc Alfred Werner, 68093 MULIIOUSE Cedex {France).

II. TOMIOKA

Department of Industrial Chemistry, Faculty of Engincering,
Mic University, TSU MIE 514 (Japan).

Y. TAKIMOTO
Technical Centre, Nippon Paint Co., Ltd., Ncyagawa, Osaka 572 (Japan)

The photoinitiation of radical chain polymerization depends on the
cfficiency of the photoinitiator, Many efficients photoinitlators are
available, but improved systems which exhibit faster curing speed and
better photosensitivity are required. S-phenyl thiobenzoate compounds
can caslly generate benzoyl radicals due to the weak C-S bound. We show

that both benzoyl and thiyl radicals arise from the o cleavage of the C-S
bound in the first excited triplet state. (1)

Laser flash photolysls experiment allow us to observe benzoyl radical
and to study the deactivation of the triplet state, The yield of polymer from
the photopolymerization initiate by S-phenyl thiobenzoate is directly
related to the photoinitiator reactivity, These experiments lead us to
conclude that these photoinitiators are more reactive than benzoin cthers.
The benzoyl and thlyl radicals act as fnitiator and terminator agents.,

References:

/1/ . Tomioka, Y. Takimoto, M, Kawabala, M. Harada, J.P, Fouassler and
D. Ruhlman, J. Photochem. Photoblol. A: Chem 53 {1990) 359.
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Diffusional Kinetics of Bimolecular Photoreactions on Solid Surfaces

D. Oelkrug, M. Brun, M. Gregor, S. Reich
Institut fur Physikalische und Theoretische Chemie der Universitit,

D-7400 Tubingen, Federal Republic of Germany

Bimolecular chemical reactions on solid surfaces require some mo-
bility of the adsorbed species. In the lollowing, the kinetics of dif-
fusion controlled deactivation processes T, + T, = S; + S, and
D* + e = S, are quantified by time-resolved fluorescence and
transient absorption spectroscopy after pulsed laser excitation. The
first type of reaction is investigated with polycondensed aromatic
nitrogen heterocycles, the second one with phenylenevinylenes and
diphenylpolyenes, all adsorbed on aluminas and silicas with pore si-
zes from 4-100 nm and very different hydroxyl coverages. De-
pending on the latter parameters, the diffusional rate constants of
triplet-triplet annihilation and radical-electron recombination vary
by several orders of magnitude. Both reactions are thermally acti-
vated with diffusional barriers of 5-10 kcal mol-l,

The decay kinetics was analysed in detail with conventional second
order and geminate first order rate equations in limited and unli-
mited compartments, and with the fractal approach. The first me-
thod is reliable on adsorbents with large pore diameters. We found
diffusional coefficients depending strongly on the masses and steri-
cal requirements of the adsorbates. The second method was used
with a spectral dimension of dg= 4/3. Then this method is quanti-
tatively applicable to adsorbales with very small pore sizes, where
interporal diffusion is necessary for bimolecular collisions. Since
one of the aims of the fractal approach is the quantification of
"irregularity” and since the approach can be successfully applied to
our results of interporal diffusion bul not to the intraporal ones,
we conclude that only the pore distribution in the oxides is irregu-
lar, whereas the pores themselves are formed by reguiar, smooth
surfaces.
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CIDEP GENERATED IN THE S, AND T, MOLECULES-RADICAL INTERACTIONS

Akio Kawai and Kinichi Obj
Department of Chemislry, Tokyo Instilute of Technology,

Ohokayama, Meguroku, Tokyo 152, Japan

It ie well known that Lhe lowest excited singlot (Sl) or triplet
(Tl) states are quenched by [ree radicals, Kinetle studies have
been done aboul Lhese phenomena by laser flash photolysis and tLhe
quenching mechanisms have been discussod based on Lhese works. Time
resolved ESR (TR-ESR) is useful to study Intermediate paramagnotic
specles, but rewl'z) works were carried out on quenching mechanisms by
TR-KSR,

We applied TR-ESR to study quenching mechanlism and found out Lhe
chemically induced dynamle eclectron polarization (CIDEP) on free radicals
generated Lhrough Lhe §)-~ and T molecules-radical Interactions. The riles
of Lhe CIDEP generation are summarized as follows,

8 molecule-radical A+ AR, Ty molecule-radical B+ B/A,
where A and E mean total microwave absorption and emisslon, respectively, and
E/A mcans emission in low and absorption in high magnetic ficlds. Total
absorptive and emissive polarizalions are explained by the avoided crossing of
jQ-3/2> and |l)l/2> slaleg of triplet-radical palr through Lhe znero-fieki-
splilling  Interaction of triplel molecule, The hyperfine dependent
polarization is inlerpreted by the mixing of |(2:!:l/2> and ll)-.t 1/2> slates in
Lthe region of non-z;:ro exchange Interaction due to hyperfine interaction
followed by the exchange interaction by the reencounter.

1) 't lmomura, O, Onitsuka, and K. ObI, J. Phys. Chem. 90, 6741 (1986).

2) C. Blattler, 1. Jont, and I Paul, Chem, Phys. lell. 166, 375 (1990).

e 2




11-43

PHOTOCHEMICAL PRIMARY PROCESSES OF POLY(ETHYLENE
TEREPHTHALATE) SOLID POWDERS: A DIFFUSE REFLECTANCE

LASER PHOTOLYSIS STUDY

Norimasa Fukazawa, Kazunori Yoshioka, Hiroshi Fukumura®,
Hiroshi Masuhara® and Akira ltaya

Kyoto Institute of Technology, Matsugasaki, Kyoto 606 (Japan)
*Osaka University, Suita, Osaka 565 (Japan)

Three photo-excited species of poly(ethylene terephthalate) (PET) solid

powders were observed with diffuse reflectance laser photolysis and their

assignment was discussed.

The transient absorption spectra are shown in Fig. 1. A broad peak

around 430nm was quenched by oxygen at nearly diffusion controlled rate,

but not qienched by N20, As N2Q is a good

electron atceptor, an anion

radical is excluded as a possible intermediate. Doping PET with several

molecules of known triplet energy, we performed T-T energy transfer exper-

iments, In the case of p-terphenyl-doped

powders, an absorption peak at 460nm which
is assigned to the triplet of p-terphenyl was
the 430nm band of PET.

These results indicate that the latter band is

observed instead of

due to the triplet state of PET powders, From
kinetical studies, we found that the transient
absorption around 430am consists of two
components. An absocrption band around 520nm
was observed additionally when the sample
was excited with 308am pulse. Examining
various possibilities, the band was assigned
to a precursor of the above triplet (430nm)
The band (around 520nm) could be

assigned to the triplet state of PET powders

species,

from the consideration of temporal behavior.

These primary processes will be dis~
cussed in terms of inhomogeneity of polymer
structure.
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Fig.l. Transient absorption
spectra of PET powdars at
room tswperacure (a), (b),
and 77K (c). The axcitation
vavelength is given in the
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THE GENERATION OF a,a- DIMETIIYLBENZYL CATION IN THE PIIOTOLYSIS
OF 2,3-DIMETIIYL-2,3-DIPHENYLBUTANE. PROTONATION INDUCED SIDE-CHAIN
FRAGMENTATION,

Jouaquim L., Faria! nnd Steen Steenken
Max-Planck-Institut flir Struhlenchemie, Stiftstr, 34-36, 4330 Miitheim (Germany)

The photofrngmentation of 2,3-dimethyl-2,3-diphenylbutane was studied by nanosecond
248 nm laser flash photolysis. In the course of our investigation, we observed the formation of
a,a-dimethylbenzyl radical from the parent molecule in deoxygenated 1,1,1-trifluoroethanol
(TTE) solutions and foynd that its generation requircs more than one photon, This finding is
consistent with the formation of the 2,3-dimethyl-2,3-diphenylbuty! radical cation by biphotonic
jonization followed by fragmentatior of the Cp-C; bond to yizld both a,a-dimethylbenzy! radical
and cation, the latter being too short lived to be observed.

When the polarity of the solvent was decreased by going to dichloromethane, only the
radical was observed, This time, its generation is monophotonic which is consistent with
homolytic photoclenvage of the central C-C bond.

In order to observe the expected cation, a solvent of high polarity and low nucleophilicity
is required. 1,1,1,3,3,3-Hexafluoroisopropanol (IIFIP) fulfills these requirements?, However, in
this solvent the predominant product, from the 248 nm laser excitution, is the a,a-dimethylbenzy!
cation while the corresponding radical is not observed. To explain this obscrvation, we propose
the initial generation of a cyclohexadienyl type cation by photoprotonation of the substrate, This
carbonium jon undergoes heterolytic side-chain cleavage to yield the a,a-dimethylbenzy! cation

and isocumene.
TFE o+
e OHO T O - O
= r— CHaCly A
\ / \) T 2 @"(
HEP  H H =\
W H — e - H’©‘<

In order 1o test the generality of this novel method with respect to generation of carbonium
jons, the photochemistry of 1,1-dimethyl-2-phenylethyl alcohol in HFIP was studied. Product
analysis after 254 nm photolysis revenled the formation of toluene and acetone as major products,

which is in support of the photoprotonation mechanism.
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(1) ‘This work is part of the Ph.D. thesis of J.L.F, who gratefully acknowledges financial support
from the Deutscher Akademischer Austauschdienst (DAAD).
(2) R.A. McClelland, N. Mathivanan, S. Steenken, J. Am. Chem, Soc., 112, 4857 (1990).
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SEPARATIONS EN CHAMP NUL DES SOUS-NIVEAUX DU TRIPLET FLUORESCENT
DES CARBENES AROMATIQUES
A.Després, V.Lejeune and E, Migirdicyan

Laboratoire de Photophysique Moléculaire du CNRS
Université Paris-Sud - ORSAY (France)

M.S. PLATZ
Department of Chemistry, The Ohlo State Unlversity - COLUMBUS (USA)

Les carbénes aromatiques tels que le dibenzocycloheptadiénylidéne (DBC)
sont des intermédialires réactionnels possédant deux électrons non appariés
locallsés sur le méme atome de carbone., Ces espéces se forment par photolyse
UV “in situ” de composés dlazotés en matrice d'hexane-n ou heptane-n 2
15-20 K. Ils sont détectés par leur fluorescence triplet-triplet. Les études
de RPE“) ont montré que le triplet fondamental To du DBC a une séparation
entre sous-niveaux D = 0.3932 cm™’,

La fluorescence du DBC plégé en matrice & 15-20 K décroit sulvant une
lol non exponentlielle. Ceci est expliqué par une émission & partir de
soug-niveaux distincts de Tl. plus rapide que la relaxatlon spln-réseau,
dans nos conditlons expér!mentales(". En présence d'un champ magnétique, la
durée de vie T, de 1a composante lente du déclin est raccourcie. En sulvant

' nous calculons la dépendance de

la méme démarche que pour le m-xylylénef
T, en fonction d'un champ magnétique falble pour différentes valeurs du
paramétre D 4 1'état exclté T‘ d'une molécule supposée plane, Pour le DBC,
la courbe théorique qui traverse au mieux les points expérimentaux
correspond & D = (0.07 ¢ 0,01) cem Puisque la valeur de D est
essentiellement contrblée par 1'interaction spin-spin, la décrolssance de D
entre 1'état fondamental To et 1'état excité 'l'l montre que les deux
électrons non apparlés locallsés sur le carbone central divalent 4 1'état
To’ tendent & se délocaliser sur les noyaux aromatiques & 1°'état Tl.

Alors que les séparatlons des sous-niveaux triplets des carbénes &
1'é4tat fondamental sont mesurées par RPE, le paramétre D dans un é&tat excité
de durée inférieure 4 la microseconde se trouve atteint pour la premiére
fols, grace a 1'effet d'un champ magnétique sur les déclins de fluorescence.
Références :

(1) I, Moritani, S,1. Murahashi, M, itshino, Y. Yamamoto, K., Itoh and
N. Mataga, J. Am. Chem., Soc. 89, 1259 (1967).

(2) X.¥. ilalder, M.S, Platz, A, Després, V. Lejeune and E, Migirdicyan,
J. Phys. Chem. 94, 142 (1990).

(3) V. Lejeune, A. Després and E, Migirdicyan, J. Phys. Chem. 94, 8861

(1990)
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ZERO-FIELD SPLITTING OF THE FIRST EXCITED TRIPLET STATE IN AROMATIC
CARBENES ESTIMATED FROM MAGNETIC EFFECTS ON FLUORESCENCE DECAYS

A. Després, V, Lejeune and E. Miglrdicyan
Laboratoire de Photophysique Moléculaire du CNRS
Université Paris-Sud ~ ORSAY (France)

M.S. Platz
Department of Chemistry, The Ohio State University. - COLUMBUS (USA)

Matrix-isolated aromatlc carbenes such as dlbenzocycloheptadlenylidene
(DBC) are generated "in situ" by UV photolysis of the corresponding diazo
precursors dispersed in n-hexane or n-heptane at 15-20 K. They are detected
by their triplet-triplet fluorescence spectra. ESR experlnentl(', indicate
that DBC has a triplet ground state T; with a ZFS parameter D = 0.3932 enl,

The fluorescence decay of DBC in n-hexane or n-heptane at 15-20 K is
nonexponential and significantly modified in the presence of a magnetic
fileld. As: the fleld increases the lifetime o of the slow component
decreases drastically., The nonexponential decay is attributed to the
fluorescence from different sublevels of the emitting triplet T‘ at a rate
faster than the spin-lattice relaxation between the different sublevels'?,

As for m-.ylylene, the dependence of T, 282 function of a weak magne-
tic fleld can be calculated for different values of the ZFS parameter D.(a)
assuming a planar molecule. For DBC, the best fit between the calculated
curve and the experimental points corresponds to D = (0.0710.01)cm™’. This
shows that the D value decreases by a least an order of magnltude by
excitation from the ground triplet state To to the first triplet Tl.Slnce
the D value is mainly controlled by spin-spin interaction, our result
suggests that the unpaired electrons which are mainly localized on the
central divalent C atom in the To state, become largely delocalized on the
aromatic rings in the Tx state.

Whereas the 2FS parameter D is currently measured by ESR for
matrix-isolated carbenes in the ground state To. this parameter has been
determined, for the first time, in the first exclted triplet T‘ of these
species by using the above-described method.

References :

(1) I. Moritani, S.I. Murahashi, M, Nishino, Y. Yamamoto, K. Itoh and
N. Mataga, J. Am, Chem, Soc. §9, 1259 (1967).

(2) K.W., Halder, M.S. Platz, A. Després, V. Lejeune and E. Migirdicyan,
J. Phys. Chem. 94, 142 (199%0).

(3) V. Lejoune, A. Després and E, Mlgirdicyan, J. Phys. Chem. 94, 8861
(1990).
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EPUDE SPECIROCINETIQUE DE LA DEGRADATION UV
DL SYSTEMES PHOTOCHROMIQUES

G. Falgayrac, V. Pimienta, G. Lévy, D. Lavabre, J. P. Laplante’
and J.C. Micheau

URA 470 Université& P, Sabatier F-31062 l'oulouse
#: Dept Chem. Chem. Eng. RMC Kingston Ontario K7K 5LO (Canada)

Le photochromisme orange/bleu du dithizonate de mercure a
¢té étudié par une nouvelle méthode spectrocinétique gqui permet
l/évaluation compléte du spectre UV/Visible de 1l‘’isomére bleu
thermiquement instable'. En solution dans le tétrachlorure de
carbone, il se produit une photodécoloration progressive.
L’origine de cette dégradation provient de la catalyse du retour
thermique bleu ----> orange par des produits de photodégradation.
Parmi ces produits, l’effet de la dithizone libre a été étudié’.
Aprés repos dans l’obscurité, l’effet de fatigue a tendance a
disparaitre et le photochromisme est récupéré. Un mécanisme a é&té
établi et les paramétres cinétigues et spectroscopiques les plus
importants ont été déterminéds. La participation d’un complexe
monodithizonate de mercure est proposée.

D’un  autre co6té, le cas du TPID/CHCL, (TPID =
triphenylimidazolyle dimére) illustre un systéme expérimental
relativement différent (jaune pAle/violet) ou 1la dégradation
augmente méme aprés repos A l’obscurité. L’origine de cette
dégradation fortement accélérée réside dans un mécanisme
réactionnel peu commun qui fait du systéme TPID/CHCl, le seul
exemple connu ol un tel effet non linéaire a ét& mis en
évidence’. Une boucle autocatalytique apparait lorsque les
radicaux triphenylimidazolyle (TPI'), qui initialement font écran
et empéchent la photolyse du chloroforme, commencent & é&tre
décolorés sous l’influence des ions H' produits justement par 1la
photodécomposition du CHCl,. Cette boucle est responsable de la
forte accélération du processus de décoloration sous irradiation

UV en continu.

PHOTOCOLORATION

La Figure 1 compare les cinétiques de photodégradation des deux
systémes:

a)-ralentissement (dithizonate de mercure /CCl,):

b)-accélération (TPID/CHCL,),

Références:
1)-H. Rau and G. Greiner, EPA Newsletters 41, March 1991, 40-55,

2)-A.E. Goodwin and H, Mottola, Anal.Chem., 55, 329-34 (1983).
J)-B.Borderie, D.Lavabre, G.Levy, J.C. Micheau and J.P. Laplante
J.A.C.S8. 112(11), 4105-9, (1990).
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SPECTROKINETIC INVESTIGATION OF 'TIHE UV DEGRADATION
OF PHOTOCHROMIC SYSTULMS

G. Falgayrac, V. Pimienta, G. Lévy, D. Lavabre, J. P. Laplante®
and J.C. Micheau

URA 470 Université P, Sabatier F~31062 Toulouse
*: Dept Chem. Chem. Eng. RMC Kingston Ontario K7K 5LO (Canada)

The orange/blue photochromism of mercury dithizonate has
been investigated using a new spectrokinetic method' allowing the
complete evaluation of the UV/Visible spectrum of the thermally
unstable blue isomer. In carbon tetrachloride solution, a gradual
photofading occurs. The origin of this decay must be related to
the catalysis by photodegradation products of the blue ===>
orange thermal return. Among these photoproducts, the effect of
the free ligand dithizone was investigated'. After several hours
in the dark, the fatigue phanomenon disappears and the
photochromic effect is recovered. A reaction mechanism was
established, and the relevant kinetic and spectroscopic
parameters waere determined. The involvement of a monodithizonate
mercuric complexe is assumed.

on the other hand, the case of the 1PID/CHCL, (1PID =
triphenylimidazolyl dimer} illustrates a rather different
experimant.! system (pale yecllow/violot) where the fading
increases even aftar a rest in the dark. The origin of this
strong accelerating decay lies in a very special mechanism
making thae TRID/CHCL, system the only example so far where such a
non lincar kinetic effect has been recognized'. A feecdback loop
occurs when the triphenylimidazolyl radicals (1PI°), which
initially have a screening effect and prevent photolysis of
chloroform, start to be bleached by the H' ions produced by ClC],
photodecomposition. fhis loop 1is responsible of the strong
acceleration of the fading process during continuous UV

irradiation.
3
,. ... 1KY

23 0TO(OLORATION

Figure 1 compares the kinetics of the photodegradation of the two
systems:
a)-slowing down (mercury dithizonate/CCl)):
h)=-acceleraiting (1PLL/CICY,).
leferencaes:

1)=ll. Rau and G, Grainer, EPA Newsletters 41, March 1991, 40-~55.
2)=A.E, Goodwin and 1. Mottola, Anal.Chem. %%, 329-34 (1983).
3)-B.Borderie, D.,Lavabre, G.Levy, J.C. Micheau and J.P. Laplante

J.ACLS, 112(11), 4105-9, (1990).
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HIGH STABILIZATION OF COLORED SPIRONAPHTHOXAZINES
BY PHOTOCHROMIC CHELATE FORMATION

Takashi TAMAKI, Masako SAKURAGI, Takahiro SEKI, and Yuji KAWANISHI

Research Institute for Palymers and Textiles,
1-1-4 ligashi, Tsukuba Ibaraki 305, JAPAN

So far, spironaphthoxazines have been used [or several commercial
applications such as light filters, ophthalmic lenses, sunglasses, and ski
loules(“. "This is mainly due to their excellent fatigue resistance and
rapid color changes both in the light and in the dark. The colored
merocyanine form l;neratod upon exposure to the light Is thermally
unstable, recovering colorless spiro form immediately after the offszet of
the light. Our effort has been focused on keeping the colored form
more stable in the dark. This report demonstrates that the chelate
formation with di- and trivalent metal ions is quite suitable for this
purpose, {f the compound has a coordinating group adjacent to the
oxazinyl oxygen which acts as another coordinating group in the
merocyanine form. The reaction scheme [s shown below(2),

Methoxy, hydroxy, and sulfonyl groups were used as the coordinat-
ing group (Ry) and the metal jons employed were inorganic salts or mixed
complexes with acetylacetonate -and ethylenediamine, The hall lifetime
of the colored form in the dark was 10 - 10° times longer in the
presence of metal ions than in their absence. This stability offect was
dependent on metal ions, ligands, and/or matrices. Generally, it in-
creased with the iacrease in the electron negativity of metal fons and
in the donating ability of ligands, The excess stabilization was greater
in polymer [ilms than in solutions. The bathochromic shift to the near

infrared region was also observed.
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() N. Y. C. Chu, "Photochromism: Molecules and Systems”, ed by H. Dirr,

Elsevier, p.879 (1990),
(2) T. Tamaki and K. Ichimura, J. Chem. Soc., Chem. Commun., 1477 (1989).
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A PHOTOCHROMIC SYSTEM BASED ON ‘TME FORMATION OF
FLAVYLIUM DYES

Glinter Haucke, Peter Czerney and Ute Kurzer
Institute of Physical Chemistry, Friedrich-Schiller-
University, 0-6900 Jena, Germany

Flavylium ions can react with hydroxid jions to form
different products [1)]. In a glycerol-borax class of high
viacosity obviously the pseudo base B is formed. On irradi-
ation B can be transformed back to the flavylium ion F':

The dependence of the photochemical and the thermal reaction
on structural and environmental effects has heen atudied. Botlh
reactions depend strongly on structural and environmental
effects (viscosity, pil}. In particular, the effect of the donor
strength of the substituents R! and R’, the effect of bridging
the 2-phenyl group to the benzopyrylium moiety (position 3) and
Lhe role of nubstituents in 4-position has been ntudied,

Spectral data and reactlon rate parameters (quantum yield,
decay time, rato conntants, activation energy) were determinad.

(1) R.A. McClelland and 8. Gedge, J. Am. Chem. Soc. 102
(1900) 5838
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PHOTOCHEMISTRY AND PHOTOPHYSICS WITHIN CYCLODEXTRIN CAVITIES
Eugene Hadioudis, I. Moustakali-Mavridis and George Pistolis

N.C.S.R. "Demokritos®, 153 10 Aghia Paraskevi-Attiki, Greace

In studies of solid-state photochemistry, it has been recognized
that the topochemical relations among neighboring molecules and atoms
dictate the outcome of photochemical excitationl, However, photochemistry
within cp cavities involves features quite distinct from those of
crystalline solids since the interior of the cavity constitutes an
isolated environment. Also, since included species are usually present
only as single molecules within the cavity, photochemistry is restricted
to intramolecular events, except in cases of multiple occupation of
cavities or such cccupences that intermolecular interaction i{s possible.
These features offer opportunities to the photochemist to use the CD
cavity as a vehicle to focus experiments only on certain specific aspects
of a mechanistic problem and to use it as a microvesssl to carry out
selective phototransformations. Thus, we will examine photochemical and
photophysical processes that occur in molecules complexed within cD's and
we will compare the output to that which occurs in solution and in the
solid state. Such, more ol less systematic studies, may help in under-
standin the chemical and physical properties of organic molecules
included in cp’s.

In the present wotk we present two examples : the photochemical
dimerization of p-Hoo-cinnlmch acid and the photochromhmJ of
N-5-Cl-salicylideneaniline insite the cyclodextrin cavity.

(1) V. Ramamurthy and D.F. Eaton, Acc. Chem. Res. 2], 300 (1988) and
references herein.

e

(2) G.M.J. schmidt, Reactivity of the Photoexcited oOrganic Moleculs,
Interscience, New York, 1967.

PN

(3) E. Hadjoudis, Tautomerism by NHydrogen Transfer in Anils, in
Photochromism : Molecules and Systems (eds. M. Durr and H., Bouas-
Laurent), Elsevier 1990,
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POLYKER NATRIX EFFECT ON THE PHOTOCHROMISH OF SPIROPYRAN

Tadahiro Ishii
Depariment of Applied Chemistry, Science University of Tokyo,
Kagurazaka, Shinjuku-ku, Tokyo 162, Japan

Telsuro Hajlima
The Institute of Physical and Chemical Rescarch (RIKEN),
Kirosawa, Wako-shi, Saitama 351-01, Japan

In relation to the photochromisa of 1,3,3-trimethylindolino=6'~nitro~
8'-substituted~benzospiropyran derivatives (SP), polymer matrix effect on
the decoloration accompanying the reaction of merocyanine (KC) to SP in
polymethylmathacrylate (PNKA, Ho= 7x10%-1x10%), @ copolymer of HHA and a
monoser having s SP group (CP, Na= 6.3x10%), and polystyrenc (PSt, Nax 7.8
x104) ilms was studicd by [lash photolysis wusing Nd:YAG laser (355nm) at
various tcmperatures,

The decoloration rate is charscterized by non-homogencous distri-
bution of the freec volume In polymer films and anslyzed based on a kinetic
matrix eflect, The dispersive paramcter in the kinetic matrix effect (8)
was obtained: B = 0.5 in PHMA and CP [ilas and B = 0,37-0.45 in PSt [ilm,
Arrhenius plots of the matrix response [unclion time constant (a) versus
inverse ol Lemperature change significantly at Ty (370-380K) corresponding
to the glass transition, T (240-270K), and T8’ (310-330K). T8 s
observed in MC-PHNA {ilms, when HC has a ester group at 8' positionol HC,
On the vther hand, TA' is observed ncither in PHMA [ilm dispersed with
NC having no ester groups nor in CP and PSt films, Therefore, the distri-
bution of the frec volume in polymer filws depends significantly on onset
of scgmental motions, onset of motions of side groups, and the inter-
action between two ester groups of MC and PMMA, respectively.

Fast and slow processes are found in the decoloration of NC having a
weter group aL 8 position below 273K in PHMA and CP [ilms, The fast
decay rate is constant at 183-273K,  The ratio of HC undergoing the fast
process Lo HKC doiug the slow one increases with decreasing temperature.
Stable KC and unsitavle KC DLelow 273K correspond to trans~NC and cis-NC
isomers in PHMA and CP [ilms, while only trans~MC isomer forms in PSL
film, 1L is suggested that cis-HC is stabilized in polar mateix (PHNA)

through the interaction betwaeen wwo ester groups of KC and PEHA,
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TRANSFERT DE PROTON INTRAMOLECULAIRE PHOTOINDUIT PRESENTE
PAR LA METIHYL-4 OMBELLIFERONE

Elisabeth Bardez, Patrick Boutin ¢t Bemard Valeur

Laboratoire de Chimie Générale (CNRS URA 1103), Conservatoire National des Arts ct
Métiers, 292 ruc Saint-Martin, 75003 Paris (France)

La méthyl-4 ombelliférone (4-MU) est un indicateur fluorcscent ct un colorant laser au
domaine d'émission exceptionncticment large (360-590 nm). Ceci est dil A 'existence de quatre
formes fluorescentes éventuelles, cui peuvent &tre sélectionnées sclon le solvant et le pH: la
forme ncutre (N*), et les formes: anionique (A*), cationique (C*) et tautomere (I*), dérivant
de N* par transfert de proton 2 'état excité, suivant le schéma général:

CH,
~ 20
+
%’ \\*\\H’ 0 0" ~oH
-H* CH* e
ettt it . T.

+
N°* ou
s CH
l v \\ A_.H‘ +Hb/ ‘\‘ \3
l ~
CH, 'HN / -H* .
N C* (o) 0" “OH

HO

Le mécanisme de la réaction de tautomérisation photoinduite n'a pas encore été
totalement élucidé. La question de savoir si N* &== T* peut se produire par transfert de
proton intramoléculaire (assisté par des molécules de solvant), ou obligatoirement par
l'intermédiaire des esptces A* ou C*, demeure un sujet de controverse. En fait ce probldme est
1i€ & 1a nature de T*, éventucllement zwitterionique,

L'étude présentée ici a pour but de contribuer & I'€laboration du modgle réactionnel en
meltant 3 profit des mesures cinétiques réalisées par fluorimétrie de phase multifréquence, Les
résultats portent sur le comportement de la méthyl-4 ombelliférone dans un solvant
hydroxylique tel que le n-butanol particulidrement adapté A 'observation des seules formes N*
ct T*. L'ajout graduel d'cau au systetme a €€ étudié, et, en parallele avec les mesures
cinétiques, l'examen des spectres de fluorescence permet d'approfondir le rdle des molécules
"relayant” le transfert de proton lors de la tautomérisation de 4-MU.
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PHOTOINDUCED INTRAMOLECULAR PROTON TRANSFER
IN 4- METHYLUMBELLIFERONE

Elisabeth Bardez, Patrick Boutin and Bemard Valeur

Laboratoire de Chimie Générale (CNRS URA 1103), Conservaloire Nationul des Arts et
Métiers, 292 rue Saint-Martin, 75003 Paris (France)

4-Methylumbelliferone (4-MU) is a fluorescent indicator and a laser dye whose
emission range is exceptionally broad (360-590 nm). This is due to the existence of four
possible fluorescent species, which can be selected depending on solvent and pli: the neutral
form (N*), and the anionic (A*), cationic (C*) and tantomeric (I'*) forns stemmed from N* by
excited-state proton transfer, according to the general scheme ¢

CH,
+
“H* o+ !
A it e e ————— T:

+
Nt e e Y.

or
R - w7 ‘\\ (l:H_-,
+ +H? AN

. N
o [N o,
e c* o] 0" "OH

ceeeer N
HO 0" 70

The mechanism of photoinduced tautomerizition has not been cleared up yet. A debated
question remains whether N* &= T* may occur dircctly by intramoleculir proton wansfer, or
necessarily via A* or C* intermediates. In fact, this problem is related to the possible

zwitterionic nature of T*,

The present study aims at bringing the contribution of time-resolved measurements
using multifrequency phase fluorometry to an elaboration of the reaction model, The presented
results focus on 4-MU behavior in a hydroxylic solvent such as #-butanol which tumns out to be
a convenicnt medium for isolating the only emission from N* and T* forms, The effcct of
gradual addition of water is investigated, and in conjunclion with kinetic measurements,
fluorescence spectra studies allow us to point out how water molecules may relay proton

transfer in 4-MU tautomerization,
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TRANSFERT D'ENERGIE PHOTOINDULIT DANS UNE SUPERMOLECULE
COUMARINIQUE. DETERMINATION DE LA DISTRIBUTION DE
DISTANCE INTERCHROMOPHORE ET EFFET DE LA COMPLEXATION
PAR UN CATION

B.Valeurd, M. Kaschkeb, J.Pouget®, J.Bourson® and N.Emstingb

aLaboratoire de Chimic Générale (CNRS URA 1103), Conscrvatoire National des Arts ct
Métiers, 292 ruc Saint-Manrtin, 75003 Paris (France)

bMax-Planck-Institut fiir biophysikulishe Chemie, Ableilung Laserphysik,
3400 Gottingen (Allemagnce)

Le transfert d'éncrgie électronique au scin d'une supermolécule constituée de deux
coumarines liées par une chaine s flexible (pentnoxyéthyldne), a éié étudié par spectroscopic
de fluorescence stationnaire et par spectroscopie d'absorption résolue dans le temps,

Fa
m )
0 (o] (O - CH; - CHy)g «NH [o] [o]

DONNEUR ACCEPTEUR

Des mesures dynamicques par la tlechnique "pump-probe” A I'échelle sub-picoseconde
montrent que le transfert se produit en quelques picosecondes, et les résultats peuvent étre
interprétés par un modtle du type interaction dipble-dipdle impliquant une distribution
Gaussicnne des distances entre les deux coumarines, La distribution Gaussienne déduite des
résultats expérimentaux est en bon accord avec celle obtenue par des calculs conformationnels,

La chaine liant les deux coumarines est capable de complexer certains cations. Une
complexation cfficace a é1é obscrvée avec du perchlorate de plomb dans le carbonate de
propylenc et I'acéronitrile. Il en résulte une modification importante des propriétés
photophysiques de Ia supermolécule; en particulier le rendement de transfert est augmenté de
fagon significative lors de la complexation, La stocchiométric du complexe a pu &tre détenuinée
A partir de 'évolution du spectre d'absorption lors de I'addition de cation,

N
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PIHOTOINDUCED ENERGY TRANSFER IN A DONOR-ACCEPTOR
COUMARIN SUPERMOLECULE. RECOVERY OF THE DISTRIBUTION OF
INTERCHROMOPHORIC DISTANCES AND EFFECT OF CATION BINDING

B.Valeur®, M. Kaschkeb, J.Pouget, J.Bourson® and N.Erastingd

aLaboratoire de Chimic Générale (CNRS URA 1103), Conscrvatoire National des Arts et
Métiers, 292 rue Saint-Martin, 75003 Paris (France)

bMax-Planck-Institut fir biophysikalishe Chemie, Abtcilung Laserphysik,
3400 Gitlingen (Germiany)

Electronic energy transfer in a supcrmolecule consisting of two coumarins linked by a
highly flexible chnin (pentaglyme) has been studied by steady-state fluorescence spectroscopy
and time-resolved absorption spectroscopy.

Fa
L1 )
0 (o] (0 = CH; - CH,)s *NH (o] [o]

DONOR ACCEPTOR

Sub-picosccond time-resolved excite-and-probe measurements show that energy transfer
proceeds on a time scale of several picoscconds and that the results can be well described by a
dipole-dipole inleraction model involving a Gaussian distribution of distances between the two
coumarins, The recovered Gaussian distribution agrees fairly well with the distribution derived
from conformitional calculations.

"The chain linking the two coumarins is able 1o complex cations, Efficient complexation by
lead perchlorate has been observed in propylene carbonate and in acetonitrile, which induces
changes in photophysical propertics of the supcnnolcculci in particular, the cfficiency of energy
transfer is significantly increased upon complexation. The stocchiometry of the complex can be
detenmined from steady-state absorption data.
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DEPOLARISATIOILI DE FLUORESCENCE PAR TRANSFERT D'ENERGIE
DANS DES PAIRES DE CHROMOPHORES IDENTIQUES OU DIFFERENTS

Mério N. Berberan-Santos and Bernard Valeur

Laboratoire de Chimie Générale (CNRS URA 1103), Conservatoire National des Ants et
Méticrs, 292 rue Saint-Martin, 75003 Paris (France)

Nous présentons unc €tude théorique de la dépolarisation de fluorescence par transfert
d'énergic du type Forster dans des paires de chromophores identiques ou différents, situds &
une distance fixe et sans corrélation d'oricntation,

Dans le cas de chromophores différents, le déclin d'anisotropie de 'accepteur ra(t) peut
présenter trois types de comportements extrémes. Dans I'un d'entre eux (Figure a, tp = 1 ns,
tA = 0.01 ns, Ro/r = L.5) rA(t) passe par un maximuin puis décroit et tend vers une valeur
limite négative (- 0.034).

Lorsque les deux chromophores sont identiques, le déclin d'anisotropie 1(T), oit T =
(Ro/r)8(y/7), a &ié caleulé de fagon rigourcuse (. , Figure b) et comparé 2 celui obtenu par
une méthode approchée (- - - - - ). Nous avons montré également que I'anisotropie du
chromoghore excité indirectement (----++) dépend du temps et tend vers 0 aux temps longs,
alors qu'il était assimilé A une constante duns des travaux antérieurs,
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FLUORESCENCE DEPOLARIZATION BY ELECTRONIC ENERGY TRANSFER

IN DONOR-ACCEPTOR PAIRS OF LIKE AND UNLIKE CIHIROMOPHORES

Mifrio N. Berberan-Santos and Bernard Valeur

Laboratoire de Chimie Générale (CNRS URA 1103), Conservatoire National des Arts et
Métiers, 292 ruc Saint-Martin, 75003 Paris (France)

Fluorescence depolarization by dipolar energy transfer is theoretically studied in donor-
acceptor pairs of like and unlike chromophores at a fixed distance and with random and
uncorrelated static orientations,

For unlike chromophores, the acceptor anisotropy decay rA(t) is shown to display three
different types of extreme behaviour, In one of these (Figurea, tp =1 ns, tTA =0.01 ns,
Ro/r = 1.5) it passes through a maximum and then decays towards a negative limiting valuc
(- 0.034).

For like chromophores, the exact pair anisotropy decay r(T), where T = (Ro/r)G(t/t).
, Figure b) is obtained and compared with that given by an approximate trcatment
(----- ). It is also shown that the anisotropy of the indirccily excited partner (-+--+-) is time-
dependent and tends to zero for long times, in contradiction with previous works where it is
reported to be constant.
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MOLECULAR INTERACTIONS IN THE SYSTEM:
ZINC-TETRAPHENYLPORPHYRIN / POLY-4-VINYLPYRIDINE / METHYL VIOLOGEN
M. Isabel C, Ferrcira, Toresa M, R, Yisgu, José V. C, Fonscca

Cenuro de Qulinica Pura ¢ Aplicada - Universidade do Minho - 4719 BRAGA Cobiix (Portugal)

Metalloporphyrin compounds have been used for a long time as potencial sensitizers for photochemical
and photoclectrochemical processcs(l). More recently there has been increasing interest to explore the effccts
of suitable axial ligands coordinated to the porphyrin(z). '

In our studics we arc using zinc-tetraphenylporphyrin (ZaTPP) coordinatcd with poly-4-vinylpyridine
(PVP). All the results reported there in have been achieved in methanol solutions.

We have previously rcponed(3)me measurement of the equilibrium constant for the reversible ground-
state complexation of ZnTPP with PVP, using absorption spectroscopy data, This vatue ( K _ 88 M-}, besides
being much Jower than that observed for complexation to pyridilnc(4). is also sather smaller than that obscrved
by others authors in a different sotvent(3),

Using fluorcscence spectroscopy data we have obscrved that the specics ZnTPP-PYP has an cmission
specirum similar to the cmission of ZaTPP, although red shificd, The fluorcscence quantum yicld of the
complex (ZnTPP-PVP) is found (o be the same of the free porphyrin .

We have also measured transicnt state fotoluminescence spectra in order to obain the lifctimes of the

specics in solution,

Morcover, we have been interested in studing the molccular interactions in the three component system
ZoTPP-PVP-MV ( MY = methyl viologen ).

We obscrved the formation of a ground-stalc complex beiween ZaTPP and MYV, that has been
caracterized using absorption spectroscopy dala.

We have investigated the deactivation mechanism of the (wo-component(ZoTPP-MV) and three
component (ZnTPP-PYP-MV)systcm.Our scsults arc compatible with a kinctic mechanism that includes,
besides the unimolecular processes, the bimolecular quenching of ZaTPP and ZnTPP-PVP by MV, The
fluorescence quenching constants ace Ky Ty = 30.4 (for the quenching of ZuTPP) and KTy = 12,3 (for the

quenching of ZnTPP-PVP) .

REFERENCES
(1) Coord. Chem. Rev,, 44, 83 (1982), J. Chen, Soc. Faraday Trans, 2, 77, 1281 (1981)
(2) I Electroanal, Chem,, 221, 83, (1987)
(3) XITIUPAC Symposium on Photochemistry, Abstrats, p. 296, Bologna, July, 188
@) 1. Am, Chem, Soc., 100, 5075 (1978), Inorg. Chiem,, 15, 483 (1976)
(5) Inorg, Clicm,, 22, 3050 (1983)
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Adiabatic Photoreactions as Fluorescence Probes for Polymers

R, Fritz, w. Rettig and J. Springer
TU Berlin, Str. des 17. Juni 124, D-1000 Berlin 12

Relaxation process?s observable in polymers, are hamed in
sucession of their appearance at different temperatures as a,f
and y process. The a relavztion is better known as the glass
transition (Tg) of polymers. At Ty the segment mobility is
frozen. B and y relaxations are related to the freezing of the
side group motions of the polymer main chain. In recent years,
luminescence probes have been used to explore the molecular
mobility in highly viscous media, especially in polymers at
temperatures abcve Tg. But only few luminescence probes are
available for the region below Tq(ha’. Two different approaches
can be used: a) the probe is covalently attached to the main
chain or to the side group, b) the probe is dissolved in the
polymer. Because of the high macroscopic viscosity of a polymer
below Tg (210 Pas) the luminescent probe must be sensible to
react on small changes of the local viscosity (local free
volume) of the surrounding medium. We used 9-tert-butyl-10-
cyanocanthracen (TB9ACN) as a fluorescence probe for the mobility
of polymers below their glass transition temperature‘z’. In the
excited state, TBY9ACN relaxes through a funnel on the 51
hypersurface halfway between the anthracene and the Dewar
anthracene structure., This leads to shortened fluorescence
lifetimes (measured by Single Photon Counting). Various
Polymethylacrylesters below the glass transition will be

discussed. >
TBIACN

C
17}
N
{1) H.Itagakl, K.Horie, J., Mita, Prog. Poly. Sci. 15,361-424,1990
{2) W.Rettig, R.Fritz, J.Springer in "Proceeding of the Conference on

Photochemical Processes in Organized Molecular wsystems” Yokohama,22-
24.5ept,1990 ,Ed. K. Honda, Elsevier Science Publisher B.V. Amsterdam 1991
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DUAL FLUORESCENCE IN NOVEL CAROTENOID~LIKE CHROMOPHORES

H. Bettermann.a, M. Bienioschekat H. Ippendortb

and H{.D. Martin'®

Institut £. Physikalische chemiea, Institut f£. Organische
Chemieb, Universitdt Disseldorf, D~4000 DUsseldorf, FRG

This contribution presents fluorescence spectra of a new class
of carotenoid-like compounds. These compounds exhibit dual f£flu~-
orescence whose quantum yields are in the range of 10'5. The
higher energetic fluorescence is originated from the second ex-
cited singlet state while the lower energetic luminescence is
achieved from the firs3t excited singlet state whose excitation
is symmetry-forbidden. sl-tluorescence additionally contains
hot 1luminescence which has been identified by fluorescence ex-
citation spectra obtained from the direct excitation of the
So-s1 transition. Hot lumin<scence is generated frem a vibro-
nic state in which one of the C=C stretching vibrations is in-
volved. The spectra reveal that the vibrational energy of that
C=C stretching vibration in the s1 state 1s considerably large
{approx. 17590 cm—l). This is in accordance with Raman spectra
from the first excited singlet state of f-~carotene /1/ and

theoretical considerations including diabatic states /2/.
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Photochem. Photobiol. 59, 603 (1989}

/2/ F. Zerbetto, M.Z. Zgierski, F. Negri and G, Orlandi
J. Chem. Phys. 89, 3681 (1988)
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HIGH EFFICIENCY LIGAND-TO-METAL ENERGY TRANSFER. UV SENSXTIZED
RED LUMINESCENCE OF EUROPIUM(IXII) CHELATES,

Jean-Marc Saliédres, Shlomo Mosseri and Jean-Claude Mialocq

CEA/CE Saclay, DSM, DRECAM/SCM/URA331 CNRS
F-91191 Gif-sur-Yvette Cedex (France)

Lanthanide ions (f elements) form with g-diketoenolates
neutral complexes soluble 4in organic media. In acetonitrile,
tris(6,6,7,7,8,8,8-heptafluoro~2,2-dimethyl-3,5, ~octanedionato)~
Europium (I1X) presents a 294 nm absorption band (AA=50nm FWHM)
due to a ligand Sp—S; electronic transition. When exciting the
complex in this band, no 1ligand fluorescence is observed but
narrow intense fluorescence lines are emitted at 590, 614, 650
and 700 nm, corresponding to radiative transitions of the
Bu(III) ion.

The energy transfer involves the following mechanism:
~ Intersystem crossing S;—T; to the <triplet astate of the
ligand. It is favoured by the small energy difference batween
the +two states, characteristic of the conjugated ketonic
systame eand by the presence, close to the carbony i groupeg, of
the Eu ion which increases the spin-orbit coupling by the
"haavy atom effect" (Z value).

- Energy trangsfer from the triplet donor 1ligand to an
isoenergetic excited state of Eu(lIl).

- Rapid relaxation of Eu(IlIIl) to the fluorescent 500 and 5D1
excited states.

The high fluorescence quantum yield (4=0.80+0.05)
indicates the remarkable eifficiency of the ligand-to-metal
energy transfer and the low efficiency of thes non radiative
deactivation processes of EU(I1II) as confirmed by the long
lifetime of the 500 level, (7=800120 pus). The 501 fluorescence
decay time, 7=650£70 ns , 4identical to the 5D0 fluorescence
risetime indicates that the 1latter is populated f£from the
former.

The p-diketoenolate ligands thus constitute a cage around
the Eu(Ill) ion and protect the fluorescent excited state from
the deactivating vibrational modes ol the solvent. This is
confirmed by the absence of isotopic effect in CH3CN and CD;CN.
However, a 130 molecule can approach the Eu(IlII) ion and
induce radiationless deactivation via the 0O-H vibrations.

Other effects have been investigated: deuteration of the
ligands, electron donor Fe(CN)g“ effect.
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TRANSFERT D'ENERGIE LIGANDE-METAL A HAUT
RENDEMENT: SENSIBILISATION UV DE LA LUMINESCENCE
ROUGE DE CHELATES D'EUROPIUM(III).

Jean-Marc SALIERES, Shlomo MOSSERI et Jean-Claude MIALOCQ

C.E.A./C.E, Saclay, DSM, DRECAM/SCM/URA 331 CNRS
F-$1191 Gif-sur-Yvette Cedex (FRANCE)

Les lons lanthanides (éléments 4f) forment avec les anions f-
dicétoénolates des tris complexes ncutres, solubles en milieu organique. En
solution dans I'acétonitrile, le chélate tris(6,6,7.7,8.8,8-heptafivoro-2,2-
diméthyl.3,5-octuncdionato) curopium (Iil) présentc & 294nm unc bande
d'absorption  (targeur 3 mi-hautcur AA=50nm) duc & wunc transition
électronique  SQ-» S2 localisée sur lc ligande, En cxcitant ic complexe dans
cetic bande, on n'observe pas de fluorescence du ligande mais des raies fines
ct intcnses A 590, 614, 650 ¢t 700 nm, correspondant d  des (transitions
radiatives de l'ion EBu(lil),

Le transfert d'¢ncrgic qui conduit & cefte émission s'accomplit selon le
mécanisine  suivant;

- Conversion interne S22 854

« Croiscment inter-gysttme S1-T1 (via T2) vers P'état triplet du
ligande. 1t est favorisé par Ia faible différence d'éncrgic cntre ces deux états,
caractéristique  des  gystémes cétoniques conjugués, ct par fa présence, A
proximité des groupcments carbonyle, de I'ion curopium, qui accroit le
couplage spin-orbite par cffet d'atome lourd internc” (valeue élevée de 2).

= Transfert d'éncrgic du  triplet donmeur 2 un  état  iso-
éncrgétique excité de Bu(litl),

< Relaxation rapide de  Eu(tlf) vers fes niveaux excités
luminescemts 3Dg et 5D,

La valeur €levée (0=0,8010,05) du rendement quantique  d'émission
démontre [a remarquable efficacité du transfert d'éncrgiec du ligande vers e
métal, et Ia faiblesse des processus de désactivation non radiative de Eu(lil),
confirmée par la longue durée de vie de I'éiat 5D() (t =800+20us). Le temps de
déclin de la fluorescence de Dy (¢ =650270ns), identique au temps de montée

de In Nuoresconce de SDg, indique que cc demicr cst peuplé A partir de 3p).
Les ligandes f-dicétoénolates constituent ainsi unc cage autour de I'ion
Eu(Il) ot protdgent 1'éiat  excité lumincscent des modes vibrationncls
désactivatcurs du solvant., Cecci est confirmé par Pabsence d'effet isolopique
entre CH3ICN et CDICN. Cependunt, unc molécule 120 peut supprocher de lion
Eu(l1l) et induire unc désactivation non radintive via les vibrations O-M,
D'autres cffets ont 16 éwudiés: deutération des ligandes, cffet d'un

donneur  d*¢lectron Fe(CNYg4-.
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PRESSURE EFFECT ON THE RADIATIONLESS DEACTIVATION OF
SINGLET OXYGEN IN SOLUTION

R. Schmidt, K. Seikel and H.-D. Brauer

Institut {Ur Physikalische und Theoretische Chemie, Universitit
Frankfurt, Niederurseler Hang, D 6000 Frankfurt/Main, FRG

Lifetimes of lAg singlet oxygen (102) have been determined in 12

solvents in dependence of pressure and in part of temperature using
time 1esolved phosphorescence techniques, see Fig. 1. Experimental
activation volumes for the deactivation of 102 by solvent molecules vary
between -11.9 (pen.ane) = Av:bs < -4.1 m! mol™! (formamide) at 298
K. The increase of AV:bs with temperature was meas*red in toluene
and CH4CN. The data are analyzed by means of a kinetic scheme
assuming a preequilibrium of ‘02 and solvent molecule to form a singlet
contact complex 1C. Deactivation of 102 occurs by energy transfer
between the collision partners of C converting cto 3C. which subsequent-
ly splits into the deactivation products, A statistical model developed by
Yoshimura and Nakahara is used to calculate the reaction volume aVe
of the preequilibrium. It is revealed that the major part of Av:bs consists
of AVC. Activation volumes AVZ: of the actual deactivation of 1O2 by
oscillators X-Y of the solvent molecule depend neither on the polarities
of solvent nor of X-Y. Independent of oscillator they are estimated to
be AVE ~-2 ml mol™! if X-Y is C-H, C-Cl, C-F, N-H or C=S.

: Fig.1: 10, phosphorescence in
toluene at 298 K at (1)
1 bar and (2) 1500 bar;
sensitizer RUB, Ay =
512 nm; pulse energy
A\ 2 mJd; 1,{1) = 29.2 ys;
14(1500) =15.7 us; curves
are averaged over 32
oo —SE laser shots.
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PATHWAYS OF PHOTOCYCLOADDTION OFF ARENES TO ALKENES AND
DIENES

Johanna van der Hart and Jan Cornelisse

Gorlacus Laboratories, Leiden University, P.O. Box 9502,
2300 RA Leiden, The Netherlands

For the photocycloaddition of nrenes to alkenes and to the terminal C atoms of
1,3-dienes three modes of addition are possible, i.c. ortho, meta and para addition. In
cach of these addition modes there arc several possibilities for she location of the newly
formed o bonds between the reactants with respect to the position of substituents at the
benzene nucleus.

The photochemical additions of arenes to alkencs arc highly selective for the
mode of addition and their regiosclectivity is quite strong. In the photocycloaddition of
arcnes to dienes the sclectivity in the mode of addition is less pronounced.

The pathways of ihe reactions arc investigated from the preferred confonmitions
in the early stage of the reaction to the funncls in the potential encrg, surface of the
first excited state of the complex between arene and atkene or diene. Ie presence of
cnergy barricrs in these pathways and their relative values detenmine the selectivity of
the photocyclonddion.

The favourcd conformations of the complex of reactants at the start of the
reaction are determined by first order perturbation of the zero order wave functions and

the position of the funnels is found by simple semi-empirical caleulations,
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Isomerization Reaction and Excimer Formation Kinetics of DML,

T, Harju, J. Erostyiak®, Y. L. Chiow" and J. Korppi-Tonmola

Department of Physical Chomistry, University of Jyviiskyli
0. Box 35, SF-40351 Jyviiskylit, Finlaund

*) Departinent of Physics, Janus Pannonius University
Ifjiisdg w, G, H-7624 Pécs, llungary

» Depatinent of Chemistry, Simon Finzer University
Vancouver, BC, V6A 156, Canada

Isomerization kinctics wnd excimer formation of a polar molecule (dibenzylmethine)-
borondifluoride (DBMBF2) in solutions have been studied.  In dilute n-aleohols,
DBMBF; exhibits temperature and solvent dependent fluorescence lifetimes from 0.3
to 2.0 ns in the blue region of the spectrum. This behavior arises most probably from
an isumetization reaction taking place in the excited state. Qur ab initio ~calculations
of the ground stale suggest, that the most probable isomerization coordinate is the
phenyl torsion motion of Ue molecule. The observed isomerization kinctics is clearly
non-K ners type: the hydrodynamnic viscosity overestimates the friction experienced
by the reaction al high viscositics. Using rotation corrclation times as a measure of
friction’? results much Letter agreement of the experiment and theory. Iowever, n
slight underestimation of the reduced rates is still obscrved ot high values of friction,
We thiuk, that the remaining descrepancy arises from a slow response of thie solvent to

the renction coordinate at low temperatures®,

In polar, non-hydrogen bonding solvents at concentrations exceeding 0,01 M, a sccond
cnission biuud arises in the green part of the spectrum. This band does not have o
counter part in the absorption spectrumn and has a lifetime of 50 ns. Both obscrvations
are typical of excimer formation in solulion. In the monomer vegion, two-cxponential
decay is observed us concentration is increased. The new, slower component has a
lifctime of 2-3 ns which is ascribed to an unstable transilion state of the excimer or to

trinier formation.

L. Ben-Amolz, D. & Scott, I. W., J, Chen. Phys. 87(1987) 3739-48.

2. Lee, My, Hascltine, J. N., Smith I, A, B., & Hochstrasser, R., J; Ami, Chem. Swve.
111(1989) 5044-51.,

3. Grote, R, F. & llynes, . T, J. Chem. Phys. 74(1981) 4465-75.
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IHOTOCYCLISATION INTRAMOLECULAIRE DE p-BENZO-
QUINONES SUBSTITULEES : MECANIS"1E DE LA REACTION ET SON
INIIIBITION PAR TRANSFERT D'ELECTRON INTRAMOLECULAIRE.

Ralph MARQUARDT and Roland BONNEAU
UA 348 du CNRS, Univ. de Bordeaux I, 33405 TALENCE (France)

Nous avons étudié par photolyse-éelair laser la photocyclisation intramoléculaire de la
phényl-p-benzoquinone ¢t de composés apparentés, réction qui donne des dérivés du
dibenzofurane selon le mécanisme suivant ;

S.

R = 1l or OMe

Quand -R est un groupement inéthoxy, le rendement quantique de
formation de 1'état triplet et, par suite, le rendement quantique de la réaction de
photocyclisation diminue fortement lorsque la polarité du solvant augmente. Ceci s'explique
par unc compélilion cnire le passage intersysitme S-T ¢l un transfert d'clectron
intramoléculaire au niveau des élats singulet excités,

Cetie inhibition de la photoréactivité de benzoguinones substiludes par un
translert d'électron intramoléculaire est un résultat tout A fait inatiendu ¥ en effet, 'espdce
zwilterionique résultant d'un te) transfert d'électron a souvent $¢ proposée comme
intermédiaire réactil des réactions de cyclisation, Cet ¢ffet de photostabilisation semble &tre
trés efficace lorsque des groupements dialkylamino ou methoxy sont fixés dircctement sur le
cycle p-benzoquinone ¢t pourrail éire important pour expliquer la stabilité de certaines
quinones naturelles telles que les ubiguinones,
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INTRAMOLECULAR PIIOTOCYCLIZATION OF SUBSTITUTED
BENZOQUINONES : MECIIANISM AND INIHIBITION OF TILS
REACTION BY INTRAMOLECULAR ELECTRON TRANSFER

Ralph MARQUARDT and Roland BONNEAU
UA 348 du CNRS, Univ. de Bordeaux I, 33405 TALENCE (France)

The mechanism of the intramolecular photocyclization of phenyl-p-benzo-
quinone and related compounds to give dibenzofuran derivatives was investigated by
laser-flash photolysis and shown to be the following :
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With the -R substitucnt being a methoxy group, the quantum yield of triplet
formation and, consequently, the quantum yicld of the photocyclization reaction
strongly decrease when the solvent polarity increases. This is explained by a compe-
tition between intersystem-crossing and intramolecular electron transfer in the
cxcited singlet states,

This inhibition of the pholorcactivity of substiluted benzoquinones by
intramolecular electron transfer is a quite uncxpected result ; a zwillerionic species
resulting from such an clectron transfer has often been proposed as a reactive inter-
mediate for the photocyclisation reactions. This photostabilisation process secms to
be very effective in the case of compounds where dialky!amino or methoxy groups
arc directly attached to the p-benzoquinore ring. It could be important to explain the
stability of some natural quinones such as ubiquinones.
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EXCITED STATE PROPERTIES OF PORPIYRIN HETERO-AGGREGATES

1liroshi Scgawa, Chic Takehara, Kenichi Hlondal and Takeo Shimidzu
Kyoto University, Kyoto 606 (Japan)
Tsuyoshi Asahi and Noboru Mataga
Osuka University, Toyonaka 560 (Japan)

Studics on cxciled state propertics of metalloporphyrin dimers have been prompted in
conneclion with the clectron transfer function of the special pair in the photosynthetic reaction
center, We have recently shown that electron-attracting gold porphyrins and clectron-
releasing zine porphyrins form the hetero-aggregates with charge transfer interaction in
preference to the sclf-aggregates in aqucous solution.(1) The hetero-aggregates are suitable
for the systematic investigation not only on the excited dimer with unsymmetrical electronic
distribution(2) but also on the fundamental features in the electron transfer of tightly stacked
donor-acceptor complcx.(3) We wish to report the excited state propertics and the photo-
induced electron trunsfer reactions of the porphyrin hetero-aggregates.
time-

From the pico-second
resolved absorplion mcasurements, it was N

ot ‘,,k: .

assurcd that the singlet radical jon pair

was formed within the laser pulse j 2’\‘\\}?
duration (fwhi=24ps) by the direct 0 ..\\ 8
o o
photo-cxcitation of the hetero-aggregate - jf})*
7 Y9

with lower charge recombination encrgy 2} 5 N
(-AG9) than the triplet excitation energy

(ET). The singlet radical jon pair L ; -,
returncd to the ground state through the 0.8 1.0 1.2 1.4
single exponential decay without any 4G/ cV

Flgure. Enesgy gap dependence of charge

dissociation process. The rate constant

of the charge recombination (kcg) of a
serics of hetero-nggregaies with various
-AGO decreascs with increasing the
exothermiclty like as the 'inverted region’
as shown in Figure.

recombinntion rate constant (keg) of mdical lon
pair formed by the photo-excitation of the
potphyrin heteso-aggregate in aqueous sofutfon.
13 ZaTCPP-AuTMPyP(4), 2: ZaTSPP-
AuTMPyI(4), 3: Za'TSPP-AuTMPYI(3), 4:
ZnTCPP-AUTSPP, 5: ZnTCPP-AWTCPP, 6:
ZoTSPP-AUTSIP, 7: ZoTSPP-AuTCPP, 8:
ZnTAPP-AUTSPP, 9: ZaTAPP-AUTCPP,

(1) H. Segawa, H. Nishino, 'T. Kamikawa, K, Ilonda and T, Shimidzu, Chem. Lett,, 1917

(1989).

(2) D. G. Johnson, W. A. Svec and M, R. Wasiclewski, Ist. J. Chem., 28, 193 (1988).
{3) T. Asahi and N. Mataga, J. Phys. Chem., 93, 6575 (1989); ibid. 95, 1956 (1991).
1 Present address: Tokyo Institute of Polytechnics, Nakano-ku, Tokyo 164, Japan.
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ETATS EXCITES DE COMPLEXES TOLYL-TERPYRIDINIQUES DE Felll), Ru(ll), Os{ti).
TRANSFERT D'ELECTRON INTRAMOLECULAIRE DANS UNE DIADE A BASE DE Os (Il).

Erdmond AMOUYAL et  Mona BAHOUT
Laboratoire de Physico~Chimle des Rayonnements

URA du CNRS n* 75
B31 350 ~ Université Farls~Sud ~ 91405 ORSAY, France

Le nombre d'études pholophysiques et photochimiques de complexes polypyridiniques de
métaux de transition a augmenté d'une manidre impressionnante en raison de l'aptitude de
ces complexes & donner des processus de transfert d'électron ou d'énergie. En effet, ils
servent de photosensibilisateurs dans fes systémes moddles de conversion photochimique
de I'énergie solaire, et sont des candidals potentiels en tant que composants de dispositifs
d'électronique molécutaire, Contrairement aux complexes bipyridiniques de Ru(ll) qui ont
fait I'objet de nombreux travaux, trés peu d'études photophysiques ont été consacrées aux
complexes terpyridiniques de métaux de transition, probablement parce qu'd température
ambiante tRu(tpy)zla‘ (tpy = 2,2 : 6'.2"-terpyridine) et ses dérivés sont considérés
comme non-luminescents et quiils ont un état excité de courte durée de vie (1). Cepen-
dant, ces complaxes présentent une symétrie axiale qui est préservée par substitution sur
la position 4’ du ligand. Cette structure semble bien adaptiée A !a réalisation de systémes
lindaires pour des transferts d'électron dirigés.

Dans ce travail, nous avons examiné les propriétés spectroscopiques et photophysiques de
complexes tolyl-terpyridiniques de Fe(ll), Ru(ll) et Os(il). Nous avons, en particulier, dé-
terminé par spectroscopie par éclair laser les durées de vie et les spacires des états ex-
cités, et nous avons trouvé que tOs(CHa-plpy)zlz’ (CH,-ptpy = 4'-(p-tolyl}-2,2" : 6',2"-
terpyridine) est un chromophore intéressant pour construire des systdmes supramolécu-
lairas de type diade. Nous avons, par conséquent, étudié la diade [(CH,-ptpy) Os(il)
(MVz‘-plpy)]" (2) comprenant ce chromophore lié de fagon covalente au methylviologdne
MV2* (1,1 -diméthyl-4 4'~bipyridinium) et examiné I'éventualité d'un transfert d'électron
intramoléculaire photoinduit.

(1) E. AMOUYAL, M. BAHOUT, G. CALZAFERRI! and |, KAMBER
J. Phys, Chem,, in press

(2} J.P. COLLIN, S. GUILLEREZ and J.P. SAUVAGE
Inorg. Chem, 29, 5009 (1990)
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EXCITED STATES OF TOLYL-TERPYRIDINE COMPLEXES OF Fe(ll), Ru(ll),0s(lf).
INTRAMOLECULAR ELECTRON TRANSFER IN AN Os{11}-BASED DIAD.

Edmond AMOUYAL and Mona BAMHGuU |

Laboratoire de Physico-Chimle des Rayonnements
B84t 350 ~ Université Paris~Sud - 91405 URSAY, France

The number of photophysical and photochemical studies of polypyridine complexes of
transition metals has grown Impressively, particularly because of the ability of these
complexes to undergo electron or energy transfer processes. Indeed, they are used as
photosensitizers in model systems for photochemical conversion of solar energy, and they
are potential candidates as components of molecular electronics devices, Contrary to
bipyridine complexes of ruthenium (ll), which have been extensively studied, only very few
photophysical studies have been devoted to terpyridine complexes of transition metals,
prabably because [Rulipy), 12* (tpy = 2,2 : 6',2"~terpyridine) analogues are considered
as non-luminescent, and because of a very short excited state lifetime at room tempera-
ture (1), However, these complexes exhibit an axial symmetry which is preserved by subs-
titution at the 4~ position of the ligand. Such a structure seems well adapted for construc-
ting linear devices for directed electron transfer.

In the present work, we have studied spectroscopic and photophysical properties of to-
lyl-terpyridina complexes of Fe(ll), Rulll} and Os(ll}). ln particular, we have determined by
laser flash spectroscopy the lifetimes and spectra of the excited states and find that
IOS(CHS-ptpy)zlz’ is an interesting chromophore for constructing and studying supra-
molecular systems of diad type. We have therefore examined the diad
[CH,~ptpy)Os(IMV2*-ptpy))** (2) containing this chromophore covalently finked to
methylviologen MV2* (1,1'-dimetyl-4-4 bipyridinium) and are considering the possibifity of
a photoinduced intramolecular electron transfer,

(1) E. AMOUYAL, M. BAHOUT, G. CALZAFERRI and |. KAMBER
J. Phys, Chem., in press

(2) J.P. COLLIN, S. GUILLEREZ and J.P, SAUVAGE
Inorg. Chem. 29, 5009 (1990)
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EFFECTS OF SUBSTITUENTS AND SALTS ON ISOMERIZATION OF
STILBENE CATION RADICALS

Hirechika Sakurgi, Yasunao Kuriyama, Tatsuo Arai and Katsumi Tokumaru
Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

The efficiency of unimolecular cis-strans conversion of cation radicals of stilbene deriva-
tives depends upon the substituents on the phenyl rings, and the cation radicals of cis-4,4'-
dibromo- and cis-4,4'-dimethylstilbene were, when generated by secondary electron transfer,
converted unimolecularly to those of the corresponding trans-stilbenes in high quantum yields
at ambient temperature.!) However, the stilbenc cation radicals have been reported not to
undergo cis—trans conversion in the 100 us range.2) We now wish to report the effects of salts
on the cis—trans conversion of stilbene cation radicals, as observed by transient spectroscopy
and on steady irradiation,

The cation radicals of cis- and trans-stilbenes were generated by 9,10-dicyanoan-
thracene/biphenyl co-sensitization in acetonitrile with 425-nm laser.pulse in the absence and
presence of salts such as LiClQO4, NaClO4, Mg(ClO4)2, and EtyNCIO4. In the absence of salts
cis-stilbene cation radicals decayed with bicomponent kinetics of the first and second order, as
monitored at 515 nm, and no absorption band ascribable to rrans-stilbene cation radicals was
observed. However, in the presence of LiClOy, the decay followed bicomponent first-order
kinetics, and an absorption band due to the resulting srans-stilbene cation radicals appeared 2t
475 nm. Activation energies for the decays of the fast and slow components were determined
10 be 4 and 2 keal mol-1, respectively. The former value is in the same range as those for uni-
molecular cis—trans conversion of the cation radicals of the 4,4'-disubstituted stilbenes in the
absence of salts, and the latter value is similar to that of the decay of trans-stilbene cation radical
in the presence of LiClO4. The activation energies for cis-strans conversion of cis-4,4"-dibro-
mostilbene cation radicals were 7 and 4 kcal mol-! in the absence and presence of LiClOy.

These results suggest that the cis-strans conversion of stilbene cation radicals emerges on
account of the effect of salts reducing the rate of back electron transfer. Detailed isomerization
mechanisms will be discussed.

1) Y. Kuriyama, T, Arai, H. Sakuragi, and K. Tokumaru, Chem.. s, Leu., 173, 253
(1990).
2) F. D. Lewis, R. E. Dykstra, 1. R. Gould and S. Farid, J. Phys. Chem. 92, 7042 (1988).
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DETERMINATION EXPERIMENTALE DE LA CONSTANTE APPARENTE
DE FORMATION DI LEXCIMERE DU 1,2-BENZANTHRACENE.

Jean Duhamel, Michel Bouchy, Francis Bacos, Samar Saghbini ¢t Jean-Claude Andsé
GRAPP de I' UA 328 Ju CNRS, ENSIC, 1 ruc Graslville BP 451, 54001 Nancy Cedex, (IFrance)

Le cas des réactions avee formation et dissociution d'excimeres internoléculaires a fait P'objet d'un grand
nombre d'éludes lorsque la constante de dissociation k,y est petite devant la constanis de formation k. Sclon
la valeur du coclficient de diffusion, la constante apparente de fonnation cst alors soit une fonclion
décroissante du temps (inoddle de Smoluchowski), soit une vérilablo constante (modRle cinélique de Birks),
Nous nous intércssons ici au cas du 1,2-benzanthractne dans des solvants visqueux, pour lequel la constanic
de dissociation n'cst plus petite par rapport 3 la constante de formation (clie-m&mo grossidrement
proportionnelle au coclficient de diffusion).

Un modtic récent(l) a montsé que Ia constanie apparenie de formation de Fexcimere cst alors unc
fonction complexe du temps, décroissante aux temps URs courls, puis croissantc, Le but do ce travail élant
d'oblenir, sans a-priori, la constante apparcate, nous avons développé une méthode de déconvolution 3 parti
de sérics d'cxponcnticlics ot des multiplicateurs do Lagrange(2), Les déclins expérimentaux de fluorescence du
monomsc ct de F'excimdre ont £1¢ obienus par Ja technique de complage de photon unique, en utilisant un
lascr comme source picoscconde. Aprts déconvolution, unc méthode analytique nous a permis de calculer ln
durée de vie de 'excimere ct la constantc apparente. Comme on peut le constater sur la figure ci-dessous,
I'évolution icmporclic de cctie dernibre cst sensiblement identique a celle prévue par le moddle,

67 Kt
{1/Mns) 8) b)

5‘
e
a7

3d
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o L L] v L
0 50 100

150
time (ns)
Constante apparenie de fonmation de Fexcimdre du 1,2-benzanthracene dans divers solvants ,
2) cyclolicxanc, b)paraflinc/cyclolicxane, c)paralline

(1) J.C. Andre, F, Baros ¢t M.A.Winnik, J.Phys.Chicm, 1990 94 2942-2948,
(2) J.C. Andre, M, Bouchy, J. Duliamel, F, Baros ct W. Dong, Modelling and Simulation Int, Symp.,
Grindclwald (1989), 414-417,
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EXPERIMENTAL DETERMINATION OF THE APPARENT RATE CONSTANT
IN THE CASE OF THE FORMATION OF EXCIMER OF 1 2.BENZANTHRACENE,

Jean Duhamel, Michel Bouchy, Francis Baros, Samar Saghbini and Jean-Claude Andrd
GRAPP of UA 328 of CNRS, ENSIC, | ruc Grandville BP 451 , 54001 Nancy Cedex, (France)

The case of reactions with excimer formation and dissociation has been widely studied when the rate of
back-reaction is negligible compared with the raw of formation, Then, according to the value of the diffusion
coefficient, the apparent rate constant is a decreasing {unction of time (model of Smoluchowski) oc an actual
constant with respect to the time (kinetic model of Birks). We examine here the case of 1,2-benzanthracens
in viscous solvents, for which the rats constant of dissociation k.| is no more negligible compared with the
rate constant of formation ky (roughly proportional to the diffusion coefficient).

A recent moded (1) has shown that the apparent rate constant of excimer lormation is now a complex
function of time, decrcasing at short time and then increasing, The aim of this work was (0 get, without any
a-prior, the apparent rate constant, Thus, we have developped a deconvolution method based on
muludcxponcntial series and Lagrunge mulﬁplicrs(z). Experimental determination of the fluorescence decays
of both monomer and excimer was made using the single photon counting technique with a picosecond
laser as a source, After deconvolution, an analytical method allows us to compute the lifetime of excimer
and the apparent rate constant , As seen on the following figure, the recovered apparent rate constant has the
same behaviour in time as the one peedicted by the diffusional model,

67 Kt
(1/Mns) 0 b)

> / =
as

34
21
1 c)
0 1 v L4 A
0 50 100 150 200
time(ns)

Apparent rate constant of formation of excimer of 1,2-benzanthracene in dilferent solvents .
a) cyclohexane, b)paraffincyclohexane, c)paraffin

(1) 1.C. Andre, F. Buros and M.A.Winnik, L.Phys.Chem. 1990 94 2942.2948,
(2) 5.C. Andre, M, Bouchy, J. Duhamel, F. Baros and W, Dong, Modelling and Simulation Int. Symp.,

Grindelwald (1989), 414-417,
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PHOTOTRANSFORMATION de ' ITYDROQUINONE en SOLUTION AQUEUSE

L UQULL, A. ROSSI and J.F. PILICIIOWSKI
Laboratoire de Photochimic Moléculaire et Macromoléculaire (URA CNRS 433)
Université Blaise Pascal (Clermont-Ferrand), F-63177 Aubicre Cedex (France)

11 est bien connu que Pirrudiation de Mhydroquinone (Q112) en solution aqueuse aérée
conduit i la formation de benzoquinone (Q), alors qu'il s¢ forme du 2,2',5,5
tétrahydroxybiphényle (TIIBP), avec un rendement quantlque trés faible (s 2.10-3), lorsque
Qli2est excitée cn solution dégazée. Le travail présenté icl a permis d'établir que :

. en abscnce d’ oxygéne, Qllapeut étre photo-oxydée en Q par les lons nitrate et quc la
formation de THBP résulie d'une pholoréaction de QHz avec Q, réaction qui est favorisée par
une augmentation de ptl . L'effet de concentration ct inhibition par Foxygéne permeticnt de

penser que la formation de THBP ct la majeur partic de Foxydation par NOj fait intervenir

I'état excité triplet de Ihydroquinone (3QI12*). Cetie conclusion est confirmée par I'effet
inhiblteur du 3-chlorophénol (CIP). La effet, lorsque QI3 est excitée cn présence de CIP, la
principale réaction obscrvée est la formation de résorcinol, et cette réaction est expliquée par un
transfert d'énergic de3QIL* vers CIP

. en solution adrée, Qllz est transformée en Q et en hydroxybenzoquinone (QO1), le
rapport Q/QOH étant voisin de 2. De I'eau oxygénée (11202) se forme également, ct sa
concentration est analogue a celle de Q. Aucune influcnce significative de CIP sur la vitesse
d'oxydation de Qllz n'a éi€ observée, cc qui améne & conclure que cette oxydation se produit a
partir de P'état excité singulet ct que 'oxygéne agit principalement comme capteur d'électron (ou
de He). L'oxydation de 3QILz* par 'oxygéne ct la caplure d'électron par les jons NOj peuvent

cependant intervenir dans une faible mesure,

1
o Q +1M
QI . QU + e+ 1t : QoM + 110

No; -~
1 —5— Q+ NOi+ 10
NOT oy Q
Q =—— Qb 2, ypp
oti -
/h o \:u» 3cipe ——> Résorcinol
Qlh @ [Complexc]
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PHOTOTRANSFORMATION of HYDROQUINONE in AQUEOUS SOLUTION

P.BOULE, A. ROSSI and J.F. PILICHOWSKI
Labomatoire de Photochimie Moléculaire et Macromoléculaire (URA CNRS 433)
Université Blaise Pascal {(Clermont-Ferrand), [-63177 Aubicre Cedex (France)

Tt is well known that the irradiation of hydroquinone (QI12) in air saturated aqueous
solutions leads to benzoquinone (Q), whereas 2,2',5,5'-tetrahydroxybiphenyl (T1IBP) is

formed with a very low quantum yield (= 2,10-3) when QI12 is excited In degassed solution. In
the present work it Is established that :

. in the absence of oxygene, QHa can be photo-oxidized into Q by nitrate ions and
that the formation of TIIBP results from a photoreaction of Q12 with Q favoured by increasing
pH. From the concentration effect and the inhibition by oxygene, it can be suggested that the

formation of THBP and the major part of the oxidation by NO3 involve the excited triplet state

of hydroquinone (3Q1l2*). This conclusion Is confirmed by the inhibiting effect of 3-
chlorophenol (CII). When Q112 is excited in the presence of CIP, the main reaction cbserved is
the formation of resorcinol and this reaction can be explained by an energy transfert from
3QH:* to CIP,

. In air saturated solution, QHais converted into Q and hydroxybenzoquinone

(QOM). The ratio Q/QO1! ~ 2, Ilydrogen peroxide (11,03) is also formed and its concentration
is stmilar to the concentration of Q. No significant influence of CIP is observed on this reaction
and it can be assumed that this oxidation involves a photo-ionisation of the excited singlet state

and that 02 mainly reacts as an electron (or 11*) quencher, Oxidation of 3Qil2* by Oz and

¢lectron quenching by NO3 as minor pathways cannot be excluded.

+
o Q +1102
QI* o Qi + ¢+ 11t : QUIT + 110
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PHOTO-CIDNP DE COMPOSES PHOTOCHROMES.
Francoise Rietsch, Jean Marko, Jean-IMarie Aubry et Gaston Yerineersch

URA CNRS 35 1, Faculle de Pharmacie, 59045 - LILLE-Cédex (France)

Les endoperoxydes d'hydrocarbures aromaliques consliluent des systémes pholochromes
haulement réversibles, Deux types de reactions sont généralement impliquées dans la pholochimie de
ces gerivés : une pholocycloréversion selon un processus concerté et une fragmentation résuilant d'une
ruplure homolytique du pont peroxyde, impliquant un intermédiaire de courle durée de viet!),

Nous avons étudia par pholo-CIONP ('H el 13¢) le comportement photochimique d'un compose
medele : 'andoperoxyde du 9,10-diphénylenthrucéne(DPAO,). La pholodéyredalion de ce dernier est
parfattement décrite dans 13 litlérature. Les différents pholoproduits ont 1€ isolés et caractérisés(2),
Notre bul était de mellre en évidence les inlermédisires radicalaires suggérés par les auteurs el
d'apporter des éléments nouvesux au mécanisme de la pholodégradation.

Nos expériences ont été effectuées dans des tubes RMN de 5 mm avec des solutions dénazées de
DPAOZ ( 10-2 M) dans I'aclonitrile. Nous avons conslalé par CLHP que tous les phatoproduils déerits
par Rigaudy el coll.{2) étaient présents dans nolre mélange réactionnel aprés I'irradiation lumineuse.
Les effets de CIDNP observés nécessitent la présence d'eau (213 ) dans le solvant el ne concernent,
cependant, que deux composés : fe phénol el la 9-hydroxy 9-phénylanthrone (HPA), D'sulre port, les
poiarisations sur HPA sont fnversées lorsque les radlations de longueur d'onde Inférieures 3 350 nm
sont filtrées.

Nos résullals conduisent sux conclusions suivantes :

- Les formations du phénol et de HPA résuitent du piégeage de radicaux par une molécule d'eau.

- Le mécantsme de formation de ces deux dérivés dépend de la longueur d'onde d'irradietion.

- Nous n'avons pu obtenir aucune preuve direcle d'un précurseur biradicalaire. Cependant, lors de

Firradiation avec le filtre nous avons détectd transitoirement les signaux RMN d'un bisépoxyde.

- L'spplication de la régle de Kaplein relative & I'effet net nous permet de proposer I'intervention de

deux paires radicalaires différentes. Ains! HPA seralt formé & partir, soit dun radical 9-

phénylanthrone 9-yl, soil d'un redical 9,10~dihydroxy 10-phenylanthrone 9-yl. Le phénol, quant &

lui, serait formé dans les deux cas & partir du méma redical phénoxy. La premiére paire résultersil du

réarrangement d'un biredical issu d'une ruplure homolylique du pont peroxyde de DPAQ; dans un élsl

excité singulet, La seconde paire pourrait provenir d'une réaction secondaire enire le phénol et HPA,
Ces effets de CIDNP ne sont pas abservés dans e cas d'endoperoxydes aromaligues possédant un

rendement élevé de pholocycloréversion.

(1) Jesse K., Markert R., Comes F.J., Schmidt R, et H.0. Braver, Chem. Phys, Letters 166, 95-
100 (1990).- (2) Rigaudy J., Scribe P. et C. Breliére, Tetrahedron 37, 2589-93 (1981).
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PHOTO-CIDNP OF PHOTOCHROMIC COMPOUNDS.
Frangoise Rietsch, Jean Marko, Jean-Marie Aubry and Gaston Vermeersch
URA CNRS 351, Faculté de Pharmacie, 59045 ~ Lille cedex (France)

Endoperoxides of aromatic hydrocarbons are known o be components of highly reversible
photochromic syslems. Pholochemistry of these endoperoxides generally proceeds through a dual
pathway: a concerted cycloreversion and a fragmentation which should involve a short-1ived reaction
intermediate, probably resulting from homolytic cleavage of the peroxide bridge(!),

We have reinvestigated, by means of photo-CIDNP, the photochemical behaviour of a modei
compound. {ne endoperoxide of 9,10~-diphenylanthracene (DPAO?). The photodegradation of the latter
compound Is 8 wel-documented reaction(2). All the photoproducts have been {solated end characlerized
by different analytical lechniques. Our aim was to provide same evidence for the radical intermediates,
which were tentatively proposed, and 1o get a deeper insight on the mechanism of the pholodegradation.

Typicatly, 'H end '3C CIONP spectra of DPAO7 (1072 M) were run in degossed, wet (1% H20)
ecetonitrile solutions. As checked by HPLC, all the derivetives described by Rigaudy et al. (2) were
present in the NMR sample after irradiation. Among them, nevertheless, only phenol and 9-hydroxy
9-phenylanthrone (HPA) exhibil strong nuclear polarizations. The latter ere not longer observed
when dry acelonilrile is used. When the solulions are irradiated through a glass {iller cutting off the
wavelengths under 350 nm, the polarizations on HPA were {nverted,

Our present results can lead to the following conclusions:

- The formations of phenol end HPA result from {repping of a redical pair by & molacule of water.

- According to the irradiation wavelenglh, {wo different pathways are implicated.

- No direct evidence is found for a biradical precursor. Nevertheless the NMR spectrum of an
intermediate bisepoxide was observed during the irradiation through the filler,

- Considering the magnetic perameters (g-factors, hyperfine coupling constants) of the different
radicals that could be involved 1n the reaction, in agreement with the Kaptein rule end the relative
intensitles of the polarized signals, lwo radical pairs are proposed depending on the Irradiation
wavelength, In both cases 8 phenoxy radical is the precursor of phenol. HPA is formed either from a 9-
phenylanthrone 9-yl radical or a 9,10-dihydroxy 10-phenylanthrone 9-y! radical. The first pair
would result of the rearrangement of a biradical due to an homolylic cleavage of the peroxide bridge in
DPAO; In i1s singlet excited slate. The second palr could be generated by a secondary reaction belween
phenel and HPA,

A similar study was done with two olher endoperoxides and we have noted thet no CIDNP effect
was observed for the derivelives with a high rale of photocycloreversibility.

- {1)Jesse K., Markert R., Comes F.J., Schmidt R, and H.D. Brauer, Chem. Phys. Letters 166,
1,95-100 (1990).~ {2) Rigoudy J., Scribe P. and C. Breliére, Telrahedron 37, 2589-93 (1981).
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REACTION PRODUCTS AND POSSIBLE TRANSIENTS
FROM PHOTOLYSIS OF MATRIX-ISOLATED FURAN-2,3 DIONE
DERIVATIVES

Mohamed HNACH, Jean-Plerre AYCARD and Patrick VERLAQUE
Université de Provence, URA CNRS 773, Case 542
13397 MARSEILLE Cedex 13, FRANCE.

5-phenyi-furan-2,3-dione 1 and benzofuran-2,3-dione 2 trapped at low
temperature (T< 30 K) in rare gas matrices or in KBr matrices (78 < T < 300 K) were
irradiated at A 2 335 nm or A 2 230 nm. The reaction products were monitored by high
resolution FT-IR spectroscopy.

0 0

CgH 0" 70 : :o: io

1 2

Each photolysis experiment at A 2 335 nm (15 £ T < 78 K) gives carbon dioxide
(v = 2377 cm-1) and a product presenting an absorption band at 2140 cm! assigned to a

ketene stretching vibration (vC=C=0) ; this product disappears when temperature raises
up to 200 K (KBr matrices). Both reactant concentrations obey a first order kinetic law

(k= 2.3-2.8.10'5 s°1),

Further irradiation at A 2 230 nm increases the rate of photolysis (k = 4-6.10-5 s-1)
and leads to IR absorption appearance in the range 2148-2132 cm-1 ; the new bands are
assigned to carbon monoxide. In the case of 2, a competitive process occurs (lost of CO)

and transient species 3 and 4 were identified in the reaction mixture (v = 2112-1650
and 1900 cm'1 respectively). The assumption of transient 5 (benzyne) is supported by
observation of a band at 2080 cm-1 which grows during photolysis.

These photochemical results will be compared with thermolysis mechanism,
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ON THE ELECTRONIC SPECTRUM AND PHOTOPUXSICS
OF MICHLER'S IIYDROL BLUE (MIUB)

I. Baraldi, A. Carnevali, F. Momicchioli and G. Ponterini

Department of Chemistry, University of Modena, Italy

MiiB, which is the most typical diphenylmethane dye,

Mez:lNMc:_’- "+

Me, N NMe,

has long been studied with special reference to its structural
and spectroscopic properties. Certain bridged analogues of MUB,
in which the aryl groups are not free to twist about the
central bonds, are known to be intensely fluorescent unlike the
"non~-fluorescent" unbridged compound. The absorption spectrum,
on the other hand, is very little affected by bridging. From
these observations MHB is expected to be nearly coplanar in the
ground state, while in the first excited singlet state out-of-
plane twisting of the six-membered rings should occur quite
easily, thus providing an efficient channel for the non-
radiative relaxation., In an attempt to verify the reliability
of these hypotheses we have carried out a theoretical CS INDO
study on MHB concerning the ground-state conformation, the
electronic S _-S and §.-T transitions and the potential energy
curves for tge Porsion abOut one central bond in the ground
state and the lowest excited states (T,, T., S,). The
intersystem crossing was also investigated by calculating the
pertinent spin-orbit coupling terms between S, and the nearest
triplet (T_) at different values of the twisting coordinate.
The calculation results show that both the spectroscopic
properties and the photophysical behaviour of MHB can be
explained by its near relationship with the simple nonamethine-
cyanine chromophore.

An experimental investigation on the emission properties
and the triplet formation quantum yield of MHB is in progress,
aiming to better discriminate between the intersystem crossing
and the internal conversion from a twisted conformation as the
preferred excited-state deactivation pathway.
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FLUORESCEXT PHOTOCHROXIC SYSTEXS

S.Jones and P.Douglas
Chemistry Department, University College of Swansea,
Singleton Park, Swansea, SA2 8PP, UK.

Fluorescent photochromics, i.e. non-fluorescent materials which reversibly
produce highly fluorescent materials upon {rradiation, may offer some
advantages over absorption photochromice because of the ease of detection of
fluorescence,,

V¥e have shown that this can be achieved using two very different
photochromic eyetems, and 1in this report we provide detalls of the

photochenistry and thermal chemistry of these systenms.
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PRUTORATION AND PHUTOCHEXISTRY OF A
PYRAZOLOTRIAZOLE AZOXETUIAE DIB
C.Couture and P.Douglas
Chemistry Department, University College of Swansea,
Singleton Park, Swansea SA2 8PP, UK,

Pyrazolotriazole azomethine dyes are inmage forming materials in
conventional colour photography, and as such, the colour of the dye is of
critical importance. The behaviour of tbe azomethine dye shown in figure 1
has been studied over a wide range of acldity in non-aqueous solvents using
UV absorption, flash photolysis, 'H NMR and '*C NKR., Absorption studies
(figure 2) reveal the formation of both a monocation and a dication, with
absorption maxima at =600 nm and G40 nm respectively, as the acldity is
increased. Analysis of the NMR spectra of the dye in CDCla/CFaCOOH mixtures
suggests that the nitrogen of the imine group is protonated first at an acid
concentration of = 10-* M, with the second protonation at the amino group
evident at an acid concentration of = 1 M. Flash photolysis of the dye
solution produces a mixture of syn and ant{ isvmers which thermally back
reacts to give the initial isomer composition over a period of « 1 & in
neutral solvents. The rate of this first order process is very dependent
upon the proton concentration, and {increases by about three orders of
magnitude as the proton concentration is increased from 10-7 to 10-% X in an
ethanol/water mixture (9/1 v/v), The dicationic form of the dye is unstable
to hydrolysis in hydroxylic solvents.
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EVIDENCE FOR TWO GROUND STATE CONFORMERS OF
TETRABENZ0(a, cd, f, 1m] PERYLENE

J. Waluk!, J. Mich1® and J. Fetzer®

llnstltut.e of Physlcal Chemistry, Pollsh Academy of Sclences, 01-224
Warsaw, Poland; 2Department. of Chemlstry and Biochemistry, University of
Colorado at Boulder, Boulder, Colorado 80309-0215,USA; 3Chevron Research
and Technology Company, Richmond, California 94802-0267, USA.

Two isomeric tetrabenzo derivatives of perylene, tetrabenzola,cd,f,lm]~
perylene (1) and tetrabenzola,cd,),lmlperylene (2) were studied by elect-
ronlc spectroscopy in solutions, glasses and Ar matrices. The analysis of
absorption, fluorescence, fluorescence excitation and magnetic clrcular
dichroism,(MCD) spectra suggests that In room temperature selutions two
different conformations of 1 are present, of which only one is fluore-
scent., For 2, only one form is observed.

The results of molecular mechanics calculatlons are consistent with
these findings, predicting for 1 two conformers with similar energies. In
2, the computed energy separation between two low energy forms is higher.

All of the calculated structures are strongly non-planar.
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ETUDE PAR SPECTROSCOPIE RESOLUE EN TEMPS D'UN TRANSFERT
DE PROTON INTRAMOLECULAIRE DEPENDANT DU SOLVANT =
CAS DE DERIVES DU BIS-OXAZOLE

AU Acuna®, I Heisel, J.A. Miehé, M. Sowiiska**

CGroupe d'Optique Apoliquée, Centre de Recherches Nucléaires
67200 Strasbourg, France

Parmi les composés donnant liew & un transfert de proton intramoléculaire & Pétat
excite {ESIPT), certains dérivés du bis-oxazole constituent des exceplions pour les-
quelles lobservation d'une lluorescence duale (primaire et tautomerique) a éLé rapportée
dés 19831, ce qui a donné licu & différentes controverses. Nous avons éludié, par spec-
troscopie stationnaire et résotue en temps, 'influence du solvant et de In température sur
les propriétés photephysiques du 2,5-bis-(benzoxazoly! }-d-méthoxyphénol. Deux bandes
d'/tissivn ont .oujours é1¢ observees, celle présentan, i important déplacement de Sto-
kes el dlue i ’état de translert de proton étant la plus intense et se déplagant légerement
vers le rouge pouc des polarités croissantes du solvant,

Dans d s solvants aliphatiques (inethylcyclohexane, pentane, 2-méthylbutane, 1-
2 dicliloroéthane), fes courbes de déclin relevées dans les deux bandes indiquent qu'un
équilibre s’etablit entre les deux états excités : les constantes de déclin sont de 'ordre de
5us & 22°C et augmentent si on refroidit la solution. De la variation avee la température
du rapport des intensités émises nar les formes tautomérique et initiale, on a déduit
le changement d'enthalpie & l'état excité (=~ 1,6kcal M~! dans le méthyleyclohexane).
Dans le.1-2 dichloroéthane (¢ = 10,3), la reversibilité est {ortement réd site (fluorescence
de Vétal ESIPT = 70 fois plus élevée a 22°C que celle émise dans la bande “bleue”,
ce rapport étant voisin de 2 dans le méthylcyclohiexane) ct le diclin de [a bande
“bleue” présente une impoitante composante rapide {x 1,2 ns). Une telle composante
est également claizement visible dans les aulres solvants & basse température,

Dans le n-hutanol, les constantes de déclin des deux émissions sont nettement
différentes, ce qui est atliibué & existence dans I'état fondamental de deux espéces,
dont P'une conduit a un translert de prolon irrévessible.

La substitution du gioupe meéthoxy pur un groupe acélique entraine une forle
diminution de Ia fluorescence “normale”, le rendement quantique de 1'état de transfert

du proton restant pratiquement inchangé.

(1) A. Mocdzisiski, A, Grabowska, W, Kihnle, A. Krdwezynski, Chem. Phys. Lett,
101(1983)291.

* Instituto de Quimica Fisica “Rocasolano”, C.S.1.C., Madrid, Spain.
** Adresse Permanente: Institule of Inorganic Chemistry and Mectallurgy of Rare
Eleients, Technical University, Wroclaw, Poland
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TIME RESOLVED KINETIC STUDY OF SOLVENT DEPENDENT
INTRAMOLECULAR PROTON TRANSFER IN BIS-OXAZOLE DERIVATIVES

AU Acuna’, I Heisel, JLAL Micheé, M. Sowhiska'*

Groupe d'Optlique Appliquée, Centre de Reclicrches Nucléaires

G7200 Strasbourg, France

Among the compounds exhibiting excited-state intramolecular proton transfer
(ESIPT) reaction, H-bonded bis-uxazole «derivatives are exceptions for which a dual
fluorescence {primary and Lavlomeric) has fiestly been reported in 198311 that led to
numerous controversial work, We have studied the influence of the solvent and the tew.
perature on the photophysical properties of the 2,5-bis-(henzoxazolyl)-d-methoxyphenol
(stationary and time resolved fluorescence measurements). Two emission bands were
always present, Lhe strorgly Stokes-shifted one due to the ESIPT state being the most
intense and the shift increasing with the solvent polarity.

In aliphatic solveuts {(methyleyclohexane, pentane, 2-methylbutane, {,2-dichloro-
cthane) the decay cnrves recorded in both bands show the presence of a backward
reaction and of an cquilibriving the decay constants are near to Sns at RT and in-
crease upon cooling, From the temperature dependence of the ratio of the tautomeric
and the normal (primary state) emissions, the excited state enthalpy change has been
determined (= LtGkealM~! in methyleyclohexane). In 1,2-dichlotoethane (¢ = 10.3),
the reversibility is strongly reduced (proton transler state lluorescence is = 70 times
greater than the “blue” band at RT while this ratio is = 2 in methyleyclohexane) and
an important short component (x 1.2ns) in the “blue” emission is ubserved. Such a
component becomes also clearly visible in the other solvents at low temperatures.

fn n-butanol both fluorescence bands decay exponentially with different time con-
stants, that can be attributed to the existence in the ground state of two dilferent
species, one giving tise to an irteversible ESIPT 1eaction.

The substitution of the methoxy by an acetic group leads to an important decrease
of the norial fluurescence, the proton transler stale quantum yield being practically

unchanged.
(1) A. Mordzidski, A. Geabowska, W. Kihnle, \. Krowezyiiski, Chiem., Phys. Lett,

105 (1083)201.,

* lustituto de Quimica Fisica “Rocasolano”, C.S.1.C., Madrid, Spain.
** Permanent addressy Institute of Inorganic Chemistry and Metallurgy of Rare

Elements, Technical University, Wroclaw, Poland
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ETUDE PHOTOPHYSIQUE ET PHOTOCHIMIQUE DE
COLORANTS LASER RHODAMINE

2o, Udbert, X. Amand | J.C. Mialocq*

CEA, CE Saclay/DSM/DRECAM/SPAM (*SCM URA 331 CNRS)
F-91191 Gif-sur-Yvette Cedex FRANCE

R. Bonneau, J.P, Morand

Photophysique et Photochimic Moléculaire, URA 348 CNRS

Université de Bordeaux 1, F-33405 Talence Cedex FRANCE

Nous avons étudié les propriétés de solutions concentrées (10-3 M)
de Rhodamine 6G (R6G) ct comparé sa photostabilité en solution aqueusc
micellaire de dodéeylsuifate de sodium (SDS) et en solutions alcooliques,
sous irradiation continug UV-visible, et sous pompage laser XeCl & 308 nm
(2 250 Hz).

Sous irradiation continue, la R6G se photodécompose rapidement en
solutions alcooliques. Le mécanisme fait intervenir la réaction de transfert
d’électron entre I’état triplet et 1’état fondamental de deux molécules de
colorant (T + Sp = R* + R~). En solution micellaire de SDS, le colorant
cationique est inséré dans la phase hydrophobe de la micelle, au voisinage
de la couche externe anionique, ce qui le protége de toute décomposition.

Par contre, sous pompage laser 3 308 nm, la photodécomposition est plus
importante en solution micellaire, Elle fait intervenir une excitation 2 deux

photons en deux étapes Sy — S',—) S; , due & un accroissement de

I’absorbance au cours du pompage. L'ionisation qui s’ensuit (S;—-> Rt+e)

est plus efficace en solution micellaire qu’en solution alcoolique. De plus, la
répulsion de I'électron hydraté par la micelle chargée négativement
empéche sa recombinaison avec le radical cation,

Nous avons montré d’autre part, qu'en irradiation continue, unc faible
concentration de DABCO (10-5 M) ajoutée A une solution de R6G pouvait
considérablement améliorer sa stabilité. Parmi les nombreuses propriétés
du DABCO (“quencheur” de triplet, donneur d'électron, base), son réle de
donneur d’électron provocant la réduction du radical cation R+ est trés
efficace.

ae temin a1 o




11-74

A PHOTOPHYSICAL AND PHOTOCHEMICAL STUDY OF
RHODAMINE LASER DYES

Pl Hébert, X, Amand , J.C, Mialocq*

CEA, CE Saclay/DSM/DRECAM/SPAM (*SCM URA 331
CNRS)

F-21191 Gif-sur-Yvetie Cedex FRANCE

R. Bonneau, J.P. Morand

Photophysique et Photochimie Mol¢culaire, URA 348 CNRS

Université de Bordeaux I, F-33405 Talence Cedex FRANCE

The photodecomposition of concentrated (10-3 - 3,103 M)
rhodamine 6G (R6G) alcoholic and aqueous sodium dodecylsulfate
(SDS) micellar solutions has been investigated under continuous UV-
visible illumination and in high repetition rate (250 Hz) XeCl laser
pumped dye laser.

Under UV-visible illumination, the R6G photodegrades rapidly in
alcoholic solutions. The mechanism involves the electron transfer
reaction of the triplet excited state with a ground state dye molecule (T
+ Sg = R+ + R-). In SDS micellar solution, the R6G cation is embedded
in the hydrophobic interior of the micelle close to the negatively charged
end groups and is therefore protected from any possible degradation.

Under XeCl laser pumping at 308 nm, the contrary is observed. The
photodegradation is higher in the micellar solution. We conclude to a

* *
scquential two photon excitation at 308 nm, Sg— S| — S, , due to a

strong increase of the absorbance during the laser pumping. We believe
*

*
that the S, ionization (Sn-) R+ + ¢-) of ROG is more efficient in SDS

aqueous solution and that the recombination of the radical R** with the
resulting hydrated electron is prevented by the repulsive electrostatic
surface potential of the SDS negative interface.

We found that under continuous illumination, a rather small
concentration of DABCO (105 M) added to an alcoholic solution of
R6G could ensure a strong decrease of the photodegradation. Among
the various properties which are recognized to DABCO (triplet
quencher, clectron donor,base), the role of clectron donor providing the
reduction of the R+-radical cation and the RG6G regencration is very
efficient.
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THE WOLFF REARRANGEMENT OF a-DIAZOKETONES
Qtto Strausz, Elizabeth Lown, Ratnakar Gosavi and Manuel Torres

A central problem in the photochemistry of a-diazoketones is the question of the conceriedness of
their Wolf( rearrangement (WR) - decomposition sequence. Using the isotopic labelling technique we have
shown some years ago that in the photolysis of many, but not all a-diazokeloncs, oxygen scrambling occurs
to varying exteals indicating the intervention of oxirenes, which in wrm arc manifestations of the presence of

ketocarbenes and thercfore the non-concertedness of the WR:

hv R
R-E-C-R — R,;c=g;o congenied WR
=N
QM w 9. x

0
A o i
A :‘R.—" Keg-CoR e C-C-O non:conceried WR

=N
2 ketocarbene | oxirene ketocarbene 1l R

Kaplan has demonstrated the importance of the diazoketone conformation vis-d-vis product distribution

on the cxamplc of the conformer pair

t-Bu_,0 o

hv !
N C=0 R and I — (Mc),C=C—C—( -Bu L2:-Me shif
3 Nz ‘-B\I-N
5B

Since early molecular orbital (MO) calculations predicted the lowest singlet state of the parent ketocarbene,
formylmethylcne, to have a non-pliaar geometry precluding the possibility of conformational isomerism, the
dilference in the mode of deccinposition was explained in terms of a concerted process for the WR and a
ketocarbene mechanism for the 1,2-Me shift, This has led to the gencral belicl that the WR is a concerted
process. However, subsequently it was shown that the photolysis of vinylene thioxocarbonate with locked 5-2
conformation also yiclded the WR product even though a concerted step here is inconceivable:

t-Bu 0

hv
=5 (1-Bu),C=C=0 WR
Io -COS : .

=B
Also, multicon{iguration MO calculations predicicd a planar gcometry for the lowest singlet state of
formylmethylene permitting geometrical conformationatism, Current results will be presented in support of
the non-concertedness of the WR of simple alky! and aryl diazokctones via ketocarbenes and the conformational
control of the reactivity in the ketocarb :ne, the s-E confornation favoring WR and the s-Z conformation

oxirenc formation,
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Multiple Adiabatic Cis-Trans Photoisomerizations
Mikael Sundalil*, Tatsuo Arai**, Kjell Sandios***, Katsumi Tokumaru**, Olof
Wennerstrom®*

Cis-trans photoisomerizations of olefins have been studied for more than 50 years. The
mechanism usually suggested for cis-rrans photoisomerizations has been a diabatic
miechanis, In a diabatic cis-trans photoisomerization, on excitation of either a ¢is or a trans
isomer, concomitant to excitation an excited state conformer, p*, with approximately 90° twist
of the double bond is fonned. This confonuer decays to the ground state, and then gives a
miature of cis andrans isomers, An example of a molecule which undergoes this kind of
isomerization is stilbene!, In contrast to this diabatic mechanism, Prof. K. Tokumarn and co-
workers have found that some anthicacenyl ethylenes undergo adiabatic one-way isomerization:
on sensitized excitation of a ¢is isomer (or direct excitation via intersystem crossing) the
formed cis* undergoes isomerization on the triplet excited state surface to give the Yrans®,
which then decay to its ground state?,

For molecules with more than one double bon! an adiabatic isomerization mechanisim
implies that it should be possible to jsomerize more than one double bond with a single
cxcitation. We have several examples of molecules undergoing such multiple adiabatic cis-
frans photoisomerizations, A styrylstilbene (1) shows adiabatic isomerization on both the
singlet and triplet excited state surfaces™*, Bvidence for the suggested mechanism will be
presented in terms of quantuin yiclds of isomerizations, fluorescence spectra (steady-state and
time resolved) and T-T absorption observed on laser flash photolysis. An orthoparacykiophane
(2) shows an adiabatic one-way six-fold isomerization from the all-Z to the all-E isomer’,
The isomerization proceeds on the triplet excited state surface, and the product is formetl in its
excited state. Some preliminary results on a bisstyrylstilbene (3) will also be presented.

3 @O ) oz mzEs »'EET 3220 =325 =gt _‘}3,5.5.
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1Snitiel, J.; Charlion, J. L. Rearrangements in  ground and exciled states, Vol 3, ed. P'. de Mayo
(Academic Press, New York, 1980).

2Ami. T. et.al. Prre Appl Chem, 60 (1988) 989 and references therein,

3Sundros, K. et. al. J. Am, Chem. Soc. 112 (1990) 3082.

4Sundnhl. M. et. al. J. Phys. Chem. 94 (1990) 6731.

SSundnhl. M. et. al. Chem, Phys. Letr. 168 (1990) 395,

*Department of Organic Chemistry, Chalimers University of Technology, S-412 96 Gilcborg

Sweden,

**Department of Chemnlstry, Universily of Tsukuba, ‘Tsukuba, baraki 305, Japan,

;“Dcpnrlmcm ol Physical Chemistry, Chalmess University of Teclnology, S-412 96 Gbicborg
weden,
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CHEMILUMINESCENCE OF THE T.I.C.T. B8TATES
POPULATED BY INTER-MOLECULAR ELECTRON TRANSFER
Zbigniew R. Grabowski and Andrzej Kapturkiewicz
Institute of Physical Chemistry, Polish Acad. Sci.

Kasprzaka 44, o01-224 Warsaw, Poland

)

Population of the highly polar "twisted" intramolecular CT
states (TICT) is achieved by electron transfer between the
opposite radical ions of the parent molecule:

D’-A + D=A =~—=-=> (D'-A ) + D-a (1)

Radical ions are generated at the electrode, by

subsequent pulses of reduction and oxidation of the parent

molecule, D-A. With the beginning of the second pulse, the

reaction (1) starts, and the chemiluminescence appears - with
the spectrum identical to that of the TICT fluorescence.

In a series of acridine, anthracene, and other arene
derivatives of N,N-dialkylanilines the yields of the excited
state are high; they result from a competition between (1) and
the formation of the lower lying triplet (locally excited in
the A moiety) - and can be estimated with the modern theory of
the electron transfer kinetics (Marcus; Jortner; Onuchic).

The chemical generation of the TICT state offers a chance
to observe the emissions from a system with two minima -
populating it at the other minimum than in the radiative
excitation; to study the "photochemistry without light"; or to
search for the processes otherwise appearing only under high
excitation density conditions.
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EXCIMER LASER-INDUCED C-C BOND FORMATION OF
BICHROMOPHORIC COMPOUNDS VIA A DIRADICAL
INTERMEDIATE

Akihiko Quchi and Akira Yabe
National Chemical Laboratory for Industry,

1-1, Higashi, Tsukuba, Ibaraki 305, Japan

In the course of our research on the application of lasers for organic synthesis,
we have assessed the elficiency of photochemical diradical generation. In this
context compound 1 was used for the quantitative studies, because the praduct 2
is directly proportional to the amount of diradicals and therefore can be used for
monitoring quantitatively the process.

Three kinds of excimer lasers were used for the reaction, namely XeCl (308 nm),
KrF (248 nm),{1) and ArF (193 nm) lasers. in the case of irradiation with the KrF
laser, the product 2 was obtained in higher yleld by using a focussed laser beam.
The reaction showed considerable wavelength dependence, so that the best yield
was obtained by KrF laser photolysis, the best conversion by a XeCl laser, and the
best mass balance by an ArF laser.

The reactions of the derivatives 1 c-e with KiF laser were also conducted. They
gave higher yields of 2 compared {o those of Taand 1b.

2 XwbBr b X«Cl
c XaPhO d X=PhS e XuPhSe

(1) A.Ouchi and A.Yabe, Tetrahedron Lett., 31, 1727 {1990).
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THIN LAYERS OF NOVEL ELECTRON RELAY COMPOUNDS
ON CONDUCTIVITY QLASS AND PHOTOSENSITIVE PAPER

Rupert Bauer
Inst. of Physical Chemistry, Technlical University of VYienna,
Getreldemarkt 9, A - 1060 Vienna, Austria.

The properties of two novael electron relay compounds R7B
= 1,1'"',1""'"~tribenzyl{4,2';4',4'"';6',4'' " Jquaterpyxridinium
trichloride and R7D = 1,1'’',1’’’'~-tridodecyl(4,2’;4’,4’';6’,
4'’'Jquaterpyridinium trichloride have been studied. Both
compounds could be reduced to blue radicals as with methyl
viologen (= MV).

The radicals of R7B were insoluble in water and much
more stable against oxygen than those of MV. Moreover the
colours of these radicals were dependent on pH. They were
reversible colourless in acidic and blue (A max = 590 nm) in
alkaline solutions. If R7B was reduced electrochemically its
radicals strongly adsorbed on electrodes (conductivity glass,
glassy carbon).

Thin colourless films of R7B and agar-agar on paper
resulted in blue-dyeing (A msx = 590 nm, reflexion photo-
spectrometry) of the irradiated parts (near UYV). Addition of"
EDTA to the Jight-sensitive mixtures intensified this effect.

Furthermore, RTB could act as an electron transfer
substance and as a sensitizer in aqueous photolytic hydrogen

producing systems with added sensitizer (> 400 nm) and without
added sensitizer (> 300 nm). The hydrogen production rates and
quantum yields have been determined in systems containing
sensitizer 5, relay R7B, EDTA, colloidal platinum catalyst and
without added sensitizer and compared with those of MV,

Not only the reduced (A max = 600 nm) but also the
oxidized form of R7D was insoluble in water. Thin films of
R7D on conductivity glass could reversibly be reduced in
electrolyte solutions. Adsorbed RTD is able to work as an
electron transfer and a sensitizing agent.

I Ve
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NEW EVIDENCE FOR THE PROXIMITY OF THE LOWEST ‘nn* and 'nn*
STATES AS THE CAUSE OF THE DUAL FLUORESCENCE OF
4-N,N-DIALKYLAMINOALKYLBENZOATES IN SATURATED HYDROCARBONS

M.C.C. de Lange, D. Thorn Leeson, A.ll. Huizer, C.A.G.0. Varma

Leiden University, Gorlaeus Laboratories
P.0.Box 9502, 2300 RA Leiden, The Netherlands
The dual fluorescence of the compound 4-N,N-diethylaminoethylbenzoate (DEAEB) is
considered by some authors to be governed by essentially the same mechanism, which
operates in the case of the dual fluorescece of 4-N,N-dimethylaminobenzonitrile
(DMABN) in polar solvents. From this point of view, the anomalous fluorcscence band
(F,) is rcgarded as en.ission from a twisted intramolecular charge transfer state (TICT-
state) {1). An alternative explanation assigns the band F, of solutions of the two com-
pounds in polar solvenis to cmission by solute-solvent exciplexes [2]. The fact that
solutions of DEAED in alkanes also exhibt dual fluorescence, is considered to be strong
evidence against the emitting solute-solvent exciplexes [1]. It has been pointed out
previously that this is no evidence, because the the replacement of the CN group in
DMABN by an ester group introduces low lying nr* clectronic states and that the dual
fluorescence of DEAED might be related to the proximily of the lowest 'nx* and ‘nn*
states [3].

The results of a study concerning the photophysical and photochemical behaviour
of solutions of several 4-N,N-dialkylamino(alkylbenzoates) in alkanes will be presented.
Stationary fluorescence, time resolved fluorescence and triplet - triplet absorption of these
solutions have been studied as a function of temperature and viscosity. If the viscosity is
kept constant, the temperature dependence of the decay rate constants ky and k, of the
normal (Fy) and anomalous fluorescence respectively reveals Arrhenius behaviour with
differcnt parameters for the two rate constants. It is concluded that the N and A emitting
states decay predominantly respectively via a tempemture dependent non-radiative process
and a temperature dependent radiative process. The photochemical behaviour can be

switched from nn*-character to nr*-character.

1. W. Rettig, J.Phys.Chem., 86 (1982) 1970,

2. R.J. Visser and C.A.G.0. Varma, J.Chem.Soc. Faraday Trans. 2, 76 (1980) 453,

3 P.C.M. Weisenborn, A.Il. Huizer and C.A.G.O. Varma, J.Chem.Soc. Faraday
Trans. 2, 85 (1989) 1895,
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PHOTOINDUCED REDOX REACIIONS OF 1-NTTRONAPUINALENE AND 2-NITROIUIOPHEN

WITH METHOXYBENZENES : A Flash Photolysis Study

By
Luis J.A. Marth:sa), Terence J. Kempb), Sebastido J. Fbrmosinmc) ,

Jodo S. Branco®, and M. Mendes M.M. Fernandes®)

a) Instituto Superior de Engenharia de Coimbra,3000-Coimbra,Portugal

b) Department of Chemistry,University of Warwick,Coventry Cv4 7AL,England
c) Departamento de Quimica,Universidade de Coimbra,3000~Coinmbra,Portugal
d) Instituto Geofisico,Universidade de Coimbra,3000-Coimbra,Portugal

Abstract : One-electron oxidation of methoxy~substituted benzenes (Q) was
achieved by reaction with the lowest excited triplet state of either
1-nitronaphthalene ( SN ) or 2-nitrothiophen { NT ), in 358 (v/v) ethanol-
~water. This was shown from the observation of the correspording radical
ions ( Q'+ and NN~ or NT*~ ) following laser flash photolysis of solutions
of NN or NT ) and Q . In both cases a correlation was found between the
logarithm of the second-order rate constant { )_<_2 ), for the quenching

of the triplet state by Q, and the reduction potential of the quencher
radical cation. The greater reactivity of 3N'I' compared with 3NN, is
explained within the framework of the Rehm-Weller model by the higher
ground-state reduction potential and triplet excitation energy of the
former. Increasing the acidity of the medium increased the rate constant
for one-electron oxidation of methoxybenzene by 3NN ; thus a value of

k, = 7.07 x 107 an® mol™ s7} was measured in neutral solution, whereas
in acid (1 rol am > H,50, ) a value of k,=2.22 x 10° dn® ol > s~

was obtained.
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THE INTERMEDIATE RADICALS AND ABNORMAL PHOTOREACTIOV

BEHAVIOUR OF 0-SUBSTITUTED NITROBENZALDENYDES

Chen Dewen, Tlan Qiu, Zhou Jlanwel and Xu Guangzhi

(Institute of Chemistry, Academia Sinlca, 100080 Beljing, China, P.R.)

The Photorecaction mechanism of o-Nitro- and 2-4-Dinitrobenzaldehyde
have been studied by ESR and optical spectroscopy tech..ques. Results show
that, markedly different from other aromatic aldehydes, the photochemical
processes of o-substituted benzaldehydes are rather complicated and unusual.
The observed ESR spectra are overlapped signals consisting of three and two
types of radicals for o-Nitrobenzaldehyde and 2-4-Dinitrobenzadehyde respec-
tively. The overlapped ESR spectra were entirely distinguished through deca-
yving processes based on the much different lifetimes of these free radicals.
It Is therefore believed that the title compounds not only.as is well known,
photorearrangement to o-Nitroso-benzoic acid but also photolysis reactions
take place simultaneously. As a results, rearrangement product o-Nitrosoben-
zoic acid act as spin trap to react with active radicals in photolysis to
form the stable nitroxyl radicals.It Is obvious that the ESR signals in pho-
tochemical reaction do stem from the products of secondary reaction process-
es via post-photoisomerization. At the same time, the measured absorption
spectra also indicate the existence of three kinds of spin-adducts for o-
Nitrobenzaldehyde. Reaction mechanism is proposed for the UV photochemical

processes of o-substituted nitrobenzaldehydes.
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FOTGGENERATION, REACTIVITY AND COMPLEXATION OF
DIVALENT SILICON (SILYLENE) USING STATIC AND
LASER FLASH PHOTOLYSIS TECHNIQUES.

G. Levin“). P.X. Das(z). C, Bilgrien(3), c.L. Leg(:,)
(1) The Weizmann Inst. of Science, Israel (2) Univ. of
Notre Dame, USA (3) Dow Corning Corp., USA

tne of the tzansients cbserved durdng the
thotedecomesition of carpcunds centaining the Si-Si berg
is the divalent silicen :Si(Rp). The silylene like its
singlet carktene anz2log, is unusually reactive ard
participate in inserticn reectien into OH, SiH, SnH, C=C
erd C=C terds. Thi: relative rate censtant of inserticn
of silylene into SiH and CH using static photolysis is in
a very good agreement with the relative rate censtaent of
the same xeacticns using flash photolysis technigue.
Laser flash photolysis of campounds ocntainirg Si-si berd
‘in the presence of rezgents ccntaining a lone pair of
electren such es ethers, smines etc. reveal that tre
silylene disappears with a pseudo first order kiretics
end a new transit eppears concomitantly. The txansient
proves to be a complex between the empty orbital on the
silylere and the lene pair of electron. The reactivity of
the camplex was fourd to be much lower than the
reactivity of the free silylene. The relaticn between the
reactivity of the free and camplexed forms of silylere
ard the structure of different reagents will te
discussed.
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PHOTOPHYSICAL PROPERTIES OF PORPIYRINOID COMPOUNDS

Daniel O. Marhrc’, R. Martin Negri?, Pcdro F. Aramendia?, Silviz F. Braslavsky!, and
Kurt Schaffaer!

'Max-Planck-Institut fir Strahlenchemie, D-4330 Milheim a.d. Rubr, Stiftstrafe 34-
36, FRG. ?Departamento de Quimica Inorginica, Analitica y Quimica Fisica, Facultad
de Ciencias Exactas y Naturales, UBA, 1428 Buenos Aites, Argentina.

The photophysical properties of the [22 x| porphyrinoids acetylene-cumulene-porphycene
1 {1} and its tetrahydro derivative 2 (2], as well as the (26 x]hownologue 3 (3] were stud-
jed in benzene solutions. Near-IR fluorescence spectra were recorded with a home-made
emission spectromeler equipped with a Ge diode and lock-in detection. Absolute fluo-
rescence quantum yields were determined for 1 and 2 by steady-state thermal lensing.
Triplet-triplet (T-T) abeorption spectra, triplet lifetimes, and quantum yiclds (®7) were
obtained by direct irradiation of 1 and 2.

Only 2 sensilized the generation of singlet molecular oxygen, O;(*A,), detected by
steady-state and time-resolved near-IR emitsion. Since the triplet energy of 2 is ncar
that of 0,(*4,), its value (21.7 keal/mol) was determined by the analysis of the biexpo-
neutial triplet decay at several Q; concentrations. Laser-induced optoacoustic (LIQAS)
experiments with 2 combined with the triplet energy yielded the &1 value.

$r of 1 was determined by the method of Medinger and Wilkinson [4] using bro-
mobenzene Lo enhance the triplet yield. LIOAS and flash photolysis experiments at
various O, concentrations, combined with &7, yielded a triplet energy of 1 3 keal/mol
lower than that for 2.

Enetgy transfer from various donors was used in vzder to record the T-T spectrum
of 3 and to eslimate the maximum $7 as well as the triplet .tate absorption coefficient.
Taking the measured difussional quenching constant of O5(*8,) by 3, and using 0,(}4,)
as donor and 3 as acceplor in energy transfer experiments, the triplet energy o this
compound was estimated to be lower than 19.5 kcal/moi.

(1} N. Jux, P. Koch, H, Schmickler, J. Lex, and E, Vogel, Angew. Chem. 102 (1990)
1429-1431.

(2] E. Vogel, N. Jux, E. Rodriguez-Val, J. Lex, and H. Schmickler, Angew. Chem. 102
(1990) 1431-1434.

(3] Unpublished compound. We thank Prof, E. Vogel, Kéla, for a generous sample of 3.
[4) T. Medinger and F. Wilkinson, Trans, Faraday -c. 61 (1964) 620-630.
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FLUORESCENCE BEHAVIOUR OF
DIAZONAPHTHOQUINONE-TYPE PHOTORESIST MATERIALS

JJM. Vieggaar, All, Huizer and CA.G.0, Yarma; Leiden University
Gorlaeus Laboratories, P.0.Box 9502, 2300 RA Leiden, The Netherlands

In the convential photo-lithographic process for manufacturing integrated micro-electronic
circuits (IC's) the photoresist material is illuminated with light, having a wavelength of
435 nm or 365 nm and coming from a mercury lamp. The commercial photoresist
materials being used for this purpose, consist of novolac (a mixtwre of cresol/formaldehyde
polymers) and compor.ids of the 2-(diazo)l-naphthoquinone (T) type, as the basic primary
photoactive system, and some additives known only 10 the manufacturer. Photo-excitation
of 1 in the presence of water, leads predominantly to the formation of indene-carboxylic
acid or its esters (IV). However, scveral other products can be formed also (V-VII, Yield
4-16%), depending on the nature of the environment of the photo-excited molecul®([1,2).

&
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Higher packing densitics of elements in a IC, require a spatial resolution exceeding the
maximum achievable resclution in the conventional photo-lithographic process. There is a
tendency in the modem developnents to try to meet this requirement by choosing the
wavelength of the light shorter than 365 nm.

Photoresist materials of known composition have been prepared by introducing the
diazonaphtoquinone type compounds into cither a novolac or a polyphenylphenol matrix
and have then been investigated by stationary and time resolved fluorescence spectroscopy
as well as by time resolved u.v / vis, absorption spectroscopy. These sytems show a strong
and broad fluorescence (maximum 425 nm) when irradiated with wavelengths shoner than
400nm, This fluorescence light can be absorbed by the diazonaphtoquinone and can
initiate phoiochemistry in regions, where this is not desired. Novolac and Polyvinylphenol,
both used frequently as the matrix in  diazoquinone iesists, also show fluorescence when
irradiated with light of wavelength shorier than 320 nn. It will be shown that the diazo-
naphthoquinone’s are converted into fluorescing species via a monomolecular reaction and
via a dimerization, The sum of the fluoiescence quantum yields of these species amounts
10 ca. 10%. Based on their fluorescence spectra they are considered to be 2 mixture of the
compounds V to VIL Since the quanturn yield of the formation of the mixture is ca. 20%,
the photochemical side reactions of the diazonaphthoquinone’s may be very harmful in the
lithographic process.

i R.P. Ponomareva, A.M. Komagarov, Zhur.Organ.Khimii, 16 (1980) 146.
2. K. Tanigaki, T.W. Ebbesen, J. Phys. Chem., 93 (1989) 4531.
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Efficient Electron Exchange Chemiluminescence
of a Dioxelane Initiated by
8-lydroxypyrene-1,3,6-Trisulfonic-Acid Tetrasodium Salt

Martin Josso and A.Paul Schaap*
Department of Chemistry, Wayne State University, Detroit, MI 48202 USA

Several examples of peroxide chemiluminescence via intermolecular electron
exchange have been reported to date but with low chemiluminescence quantum yields.t

We have found that 8-hydroxypyrene-1,3,6-trisulfonic acid tetrasodium salt or
pyranine 1 catalyses the chemiluminescent decomposition of dioxetane 2 with a quantum
yield of 0.042 einstein / mole of dioxetane.

¢ 0-9 oo
., O

NaO,S SO,Na

NaO,S ONa

The reaction conditions differ markedly from other ¢lectron exchange chemilumi-
nescence processes. Due to the very different solubility properties of the reactants, the
reaction is carried out in aqueous buffer and cationic micelles. The dioxetane resides in the
micellar core with the fluorescer at the Stern layer. The resulting chemiluminescence
spectrum matches the fluorescence spectrum of 1. A significant difference in activation
energies as well as kinetic properties clearly distinguishes this reaction from simple thermal
dioxetane decay coupled to energy transfer to the fluorescer.

t Luiz H. Catalani and Thérése Wilson, J. Am. Chem. Soc., 2633 (1989)

Sabddr -
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The Electronic Structurs Computation and Electron Paramagnetic Resonance
Spectroscopy of thr, Matrix-Isolated Mono(l,3,5-Triflyorobenzene) Vanadiun(0)
Half-Sandwich Complex.

Saba M. Hlttart. Iarael Unger and Ramasvami Sammynaiken

Departwent. of Chemjstry, University of New Brunswick, Bag Service No, 45222,

Yredericton, New Brunswick., Cansda E3B 6E2

The (1,3,5-trifluorobenzene)vanadium(0) half-sandwich complex is
isolated in an Ar matrix and i{ts EPR spectrum recorded., In addition, its
electronic structure is computed and the V-C distance is optimized using the
LD¥-LCAO method. The theoretical computatjons predict that the molecule is
metastable in thu gas phase with the 2E and 2A1 states being nearly
degenurate, Consequently the influence of the trapping matrix is a decisive
factor in determining: a) Its ground state and b) If it may be isolated in a
stable form. The rasonance fleld positions, the g, 5‘v, 9? and 1H hyperfine
tensors for this molecule, in its 2A, state, are derived as a function of its
molecular orbita) coefficients, The hyperfine resonance positions derived
for the three 9 spatially equjvalent atoms are not the same, The detajled
expressions that give rise to this magnetic inequivalency are identified. The
simulation of the experimental EPR spectra and the comparison of the
experimantal and computed spin Hamiltonian tensor components reveal that the
complex, when trapped in an Ar matrix at 12 K, hag a Jahn-Teller 2 ground

stiute,
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PHOTOPHYSICS OF UV STABILIZERS IN SOLUTION
AND IN POLYMER SUBSTRATES

Kenneth P. Ghigging and Andrew D. Scully
School of Chemistry, University of Melbourne, Victoria 3052 (Australia)

Despite many investigations, there remains considerable uncertainty conceming the
mechanisms of excitation energy dissipation in compounds which act as UV absorbers and
photostabilizers of polymeric materials(1), In particular the role of excited state intramolecular
proton transfer (ESIPT) in accounting for the exceptional photostability of those compounds
which contain intramolecular hydrogen bonding has been questioned. This paper reviews a
number of absorption, fluorescence and picosecond spectroscopy studies recently carried out in
our laboratories aimed at investigating the photophysics of o-hydroxyphenylbenzotriazole
(HPB) and o-hydroxyphenyl-s-triazine (HPT) based photostabilizers in a range of solvents
and polymer substrates.

For the compounds studied the spectral contributions made by various ground state
species (i.e. planar and non-planar) to light absorption have been resolved and quantified. Both
the contributions of these ground state species and the mechanisms of energy relaxation are
found to depend markedly on the polarity and hydrogen bonding properties of the surrounding
medium. In certain aprotic hydrogen bonding solvents and polymer substrates the ESIPT
process is effectively disrupted, while for HPB derivatives in hydroxylic solvents there is
evidence for solute-solvent complexation mediating the proton transfer process.

In some HPT derivatives and in polymer films of HPB compounds which can be
copolymerized with methyl methacrylate and styrene, emission from the proton-transferred
species is observable at room temperature and picosecond fluorescence measurements indicate
the rate constant for ESIPT exceeds 101! s, Temperature dependence studies of this hightly
Stokes-shifted emission suggest the activation encrgy for ESIPT is negligible. In copolymers
of 2-naphthylmethacrylate with incorporated 11PB, efficient non-radiative energy transfer to
11PB occurs from both 2-naphthyl monomeric and excimer species resulting in the cffective
photostabilization of the polymer.

The results of these photophysical studies suggest possible means of optimizing the
performance of UV photostabilizers.

(1) K.P. Ghiggino, A.D.Scully and S.W.Bigger, ACS Symposium Series, 381, Ch.5 (1989)
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PROTOCHEMISTRY OF POLY(DIS(4-BENZYLPHENOXY)PHOSPHAZENE],
F.Minto*, M.Gleria*, P.Bortolus®, M.Scoponi?, F.Pradella2,
1)Istituto di Fotochimica e Radiazioni d'Alta Energia del
C.N.R., Sezione di Legnaro, Via Romea 4, 35020 Legnaro,
Padova, Italy.

2)Centro di Fotochimica e Reattivita' degli Stati Eccitati dei
Composti di Transizione del C.N.R., Via Borsari 46, 44100

Ferrara, ltaly.

In this paper we report the direct and the benzophenone
sensitized photochemistry of poly(bis(4-benzylphenoxy)-
phosphazene), (NP(O-CoH -CHa-CoHs)21,.. (PBPP), in solution and
in film, in the presence of air or in inert atmosphere.

1t has been found that the direct irradiation of the polymer,
both in CHaCla solutions and in solid state, results in the
splitting of the C-i bond of the methylene group of the side
benzylphenoxy residues on the polyphosphazene skeleton to
produce the -O-C,H.—éH-C.H, radical. The same specles are formed
also in the benzophenone sensitized photochemistry of PBPP.

In air-equilibrated, dilute, solutions, the radicals evelve
towards chain scission and degradation, while 1in solid state
they couple giving rise to extensive crosslinking. This last
reaction, moreover, was found to be largely prevailing in the

benzophenone sensitized process.
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POLYMER CHARACTERIZATION USING SINGLET OXYGEN
PHOSPHORESCENCE AS A SPECTROSCOPIC PROBE.

Peter R. Ogilby

Department of Chemistry, University of New Mexico, Albuquerque,
NM 87131, usa

Roger L. Clough

Sandia National Laboratories, Albuquerque, NM 87185, USA

Singlet molecular oxygen (1Agoz) can be produced in solid
organic polymers by a variety of different methods including
1) energy transfer from a photosensitizer dissolved in the
polymer matrix,l 2) energy transfer from the polymer itself,?
and 3) photolysis into the polymer-oxygen charge-transfer
absorption band.3-5 The phosphorescence of singlet oxygen can
be monitored in both steady-state and time-resolved
experiments, yielding valuable information on the structure
and properties of 1) the polymer and 2) solutes dissolved in
the polymer. We are also able to comment on processes that
can have important practical ramifications including, for
example, polymer degradation. In addition, this
spectroscopic probe can be used to rapidly quantify oxygen
diffusion/permeation coefficients in polymer films over a
wide temperature range,

1. Clough, R.L.; Dillon, M.P.; Iu, K.-K.; Ogilby, P.R.
Macromolecules 1989, 22, 3620-3628,

2. Ogilby, P.R.,; Dillon, M.P,; Gao, Y.P.; Iu, K.-K.; Kristiansen,
M.; Taylor, V.L.; Clough, R.L. in “Structure-Property Relations

in Polymers: Spectroscopy and Performance”; Urban, M.W.;
Craver, C.D. (eds) Adv. Chem, Scr., in the press.
3. Ogilby, P.R.,; Kristiansen, M.; Clough, R.L. Macromolecules
1990, 23, 2698-2704.
. Scurlock,R.D.; Ogilby,P.R. J,Phys.Chem, 1989, 93, 5493-5500.
5. Scurlock,R.D.; Ogilby,P.R. J.pm.Chem.Soc, 1988, 11Q, 640-641.
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PHOTO-OXIDATION OF POLY(BIS{4~BENZYL)PIHENOXY)PHOSPUAZENE

M. SCOPONIM, F.PRADELLAW,M, GLERIAY,F, MINTO"™ and V. CARASSITIM
mMCentro di Studio sulla Fotochimica e Reattivith degli Stali Eccitali dei C.C.
del CGNJ=Dipartimenlo di Chimica dell'Universita, V. Borsari, 46 - 44100
Fervara (Italy)

Biglituto di Folochimica e Radiazioni d’Alta Energin del C.N.It., Scz. di Leg~
naro ~ V, Romea,d - 35020 Legnaro (PD) Italy

In recent yeurs there has been a growing interest in polymer bearing
reactive groups, which can undergo casily chemical modification by thermal
and photochemizal methods. In this work we report the results concerning the
pholo-oxidation of poly[bis{(4d-benzyl)phenoxy]phosphazene films by irradiation
with UV light (A>300am) in presence of warm air (50°C).

FTIR and UV-visible techniques were used to follow the formation of
photoproducls and to suggest a detailed photodegradation mechanism.

In particular, we show that the decrease of a band at 1460 cim-! and a
simultahcous formation of new peak at 3400 cm-! in the FTIR spectra is a clear
evidence that the hydroperoxidation sites are the ~CHz- groups belonging to
benzyl moicties. Desides the decomposition of hydroperoxides generates Lwo
different mechanisms of [scission processes of alkoxy-~radicals leading to the
formalion in the FTIR speclra of new bands at 3550, 1725, 1702 and 1660 cm-!
attributed at alcohols, aronatic esters, benzaldchydes and benzophenone groups,
respectively. Accordingly, the detection by GC of benzene vapour as main
volalile producls and the formation of an intense band al 340 nm in UV-vis.
spectra strongly support the suggesied mechanism. The high pholoreactivity
of photogeneraled groups is mainly responsible for the extensive crosslinking

reacltions and yellowing of pholooxidated filmns.

st
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ABNORMAL CRANGLS OF FLUORESCLNCE SPECIRA OF PYRENE TN SL-LL BENARY SYSTRNS
DURING THELR SOL- GEL~ XEROGEL TRANS PLTON PRUCLSSES

Nobuaki NEGISHI, Masakazu ANPO, and Tsunco rusitt
Nepartment of Applied Chembstiy,University of Osaka Prelecture, Sakal, Usaka 5H
’Ix:purluu:nt ol Chemistry amd Matetlal Faglneeting, Facultly ol bagloceriog,

Shlnsbu Unlversity, Wakasato, Nagano 380 (Japan)

So-called "sol-gel method" L8 expected to Le one of the most promising ap-
proachies to produce useful composite materlals such as optleal media and molecular
devices. We have luvestigated the chavscteristles of fluo-rescence spectrum and
thermal stabllity of pyrene and rhodamine D encapsulated Lato 510, networks during
sol--gel--xerogel transitlon processus.“) In this paper, we report characteristic
changes in fluorescence spectra of pycrene in Si-Ti binary systems during sol--gel--
xerogel transltlon processes of ethanol solutions contafning mixtures of tetra-
ethoxy silane (TEOS) and titanium tetrabutoxide (T1BO), and pyrene (0.01 mol/dm3).

Fig. 1 shows the characteristic changes of [luorescence spectra of pyrene in
S{~Ti bluary systems during various stages of their sol--gel-~xerogel transition
processes of ethanol solution containlng TLOS, T1BO, and pyrene at 298 K. At an
inltial stage of sol--gel process, two characteristle [luorescence spectra are
observed at arpund 372-392 um and 430-540 nm. ‘the [ormer shows the 0-~0 band at 372
nm, belng attributed to the {luorescence of pyrene wonomer. The latter structure-
less emission is assigned to the exclmer of pyrene dimer. It is seen that the
Juteusity of excimer emission decreases with progrssion of svl--gel transitiou, and
the excimer cmission disappears at the point of gelation of the system. The excimer

emission reappears ln the gel--xerogel transition process. The {luorescence spectra

of pyrene monomer scarcely change, however, - N
thelr excitation spectra were found to change
In the sol--gel transitions of the systems. 3
1hese observed changes In re Ilmer - W

¢ ng pyrene dlme 2 -
and monomer emissions were not observed in 8 9t—
TEOS-alone systems without TL compositions. gS o
In the presentation, a pussible mechanism for o

1 ___..A_w..x.._..—:‘_._. PRI WppA—

the observed changes in SL-TL binary systems 330 400 40 500 550 600

is discussed consldering the role of TL com- ErmissionWavelength(nim)

Fig. 1. Fluorescence spectra of pyrene
in SL-TL binary system at various stages
of the sul--gel--xerogel transitions.

(1) J. Photochem. Photoblo., A. Chem., 54, 231 (1990).

pusition as coordination sltes [or pyrene.

v
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INE THOSTHORESCENCE OF 2,3,7,8-DIPFNZCTYREN <
1,6 -DICUINONE IM SOIUTIONS ARD FAIRICS
.9 Khncheturova, A.A.¥resnovcky Jr?, .Faallem, Yu.V.vovalev®
G.X.Krichevnky
Koeypin Textile Inatitute. *Pio1oﬂy Department
Lomonoacy Moscow Stote Univerrity, i"oscow, UGSR

?,3,7.8-Dibenvopyren-1,6-diquinone (DRPQ) is known to be
an efficient rhotosiensitizer of falrice decomporition. The
photodertruction processea of fabrics are supposed to Ybe
initisted by the dye triplet rtate. However. up to recent time
the triplet state of DPFQ was not detected eyperimentally.

In thir work we managed to obmerve the phoephorercence,
accompAnying the radiotion desactivation of DIPQ triplet state
in solutions, cellulone films and fabrica. The phosphorescence
wes repisrtered ot -196°C, The phoaphorescence apectrum of the
monomolecular form of DPPQ consists of three major bands at
750, 845 end 935 nn, The relative intensities of +these Vands
are 1:0,6:0,1, The phosphorescence l1ifetime in 1,610,1 me, the
exitation spectrum coincides with the absorption apectrum of
the monomolecular form of the dye. In addition to this
phoephorescence the rhort wavelenpgth low temperanture delayed
Juminescence was measured. The spectrum of thia luminescence
ia presented vy the Vbrond band at 60 nm, the lifetime is
abtout 5,31ﬂ,5 me. ‘The exitation spectrum coincides with the
abrorption rpectrum of the apprepnted dye molecules.

lhorphorencence menfurements sahow that the triplet
moleculen of monomeric DIPQ ave alwayes present {n coloured
£3¥mes and fedrice. TPhus, i1t is not excluded, that there
monomeric triplet oare the nnin Inttictors of photodes-
tructive renctions in textile muterinis,

Feferences -

M.anllem, AJA.Kraenovely Jr, Yu.V.Vovalev, (.".FVhacheturovn,
G.h.kricheveky, rokl. Al SSSE (in Bussian), 1900, 313, M2 4,
003607
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PRIMARY PHOTOCHEMICAL PROCESSES OF ORGANIC DYES ADSORBED ON
SURFACES

a b

by F. Wilkinson?, D.R. Worrall? and L.F. Vierra Ferreira
@pepartment of Chemistry, University of Technology,
Loughborough, Leicestershire, LE1l 3TU, England.

beentro de Quimica Fisica Molecular, Universidade Tecnica de
Lisboa, 1096 Lisboa Codex, Portugal,

The properties of molecules adsorbed at surfaces are
modified to a greater or lesser extent depending on the
nature of the adsorbate-adsorbent interaction. We have
investigated the ground and excited state absorption and
emission properties for oxazine and acridine dyes when they
are adsorbed on the surface of microcrystalline cellulose.
Ground state absorption and fluorescence measurements provide
evidence for aggregation of these dyes on the surface, often
in marked contrast to their behaviour in dilute fluid
solution. Monomer and dimer spectra have been elucidated and
the equilibrium constants for dimerisation measured for
several systems. Both fluorescent and non-fluorescent dimers
have bheen detected.

The absorption spectra of the triplet states of acridine
orange and other dyes adsorbed on cellulose surfaces have
been measured, using the technique of diffuse reflectance
laser flash photolysis. Triplet lifetimes which are often
considerably longer than in fluid solution have been
measured. Triplet-triplet energy transfer, with triplet
benzophenone as sensitizer, has been used to allow relative
triplet extinction coefficients to be obtained for the first
time. Both static and dynamic quenching mechanism pertain
and the determining parameters controlling dynamic aspects of
light induced heterogeneous reactions are discussed.

PSR S
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Photophysics of Benzoquinolines Along the Sol-Gel Transition
- A Probe of Structural Changes of the Transition
Toshiaki MABUCHI and Tauneo FUJII
Department of Chomistry und Material Engineering, Faculty of Engineering,

Shinshu University, Wakasato, Hagano 380, Japan

The advantages, u}liqucrxess, and potentiality of the sol-gol process have
already well known. The fluorescence and fluorescence-excitation spectra of
three benzoquinolines(DQs) during the sol-gel-xerogel transition of tetraethyl-
orthosilicate(THOS) have been observed as a function of time. Three conclusions
were obtained. First, BQs show two fluorescences(FN and FA) originated from
neutral form and anionic form during the transition. Secondly, BQs form o
hydrogen-bonded complex with silanol groups of surface of cage in xerogel state.
Thirdly, chunge of ratio of the [luorescence intensity of FN to that of FA
occurred in four stages, being reflected the change of chemical and physical
circumstancea around the doped IQs.

Fig. 1 showa the weight change of the reaction system and rutio of the
fluoreaconce inlensity of N to that of FA. The chango of the ratio in divided
into four stages. In the first stage, the ratio increases raplidly, owing to the
increase of the silanol groups by hydrolysis of TEOS. 1n the second stage,
gelation occurred and the unchanged ratio was observed. In the third stage, the
formation of pores is completed until this stoge is ended. As the distance of the
hydrogen bond becomes shortened

due to shrinkage of the gel, .
the ratio pgraduslly increases ~ //——VT-*' ’ . -8
L]
wilh enhancement of  lncrensed E } . 0
formalion of Lho hydrogen- ;:o, 1 h.‘h O_::;
bonded complex. In the laat 'E'g\ %, Wy
° >
atuge, the rosidunl solvent ~ °'° -
o -, o
molecules around the doped DQs ' gelation ¢ e =
are pradunlly covaporated. . P ‘o
0 5 ; [
Therefore, tho ratio gradually Tim:oloh . 775 100 2500

approach a dofinite vulue. In pyp 1, Tne welght change of the reaction

tho presentation, a possible gygiem und the ratio of the fluoroscenco
interpretation for the imdivi- intensity of FN to that of FA for 5,6-1Q.
dunl stages is discussed.

gg@{,,, R
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NANOSLECOND TIME-RESOLVED SPECTROSCOPY AND NANOSECOND
DYNAMIC PIIOTOGRAPHY OF POLYMER FILMS JUST UPON
LASER ABLATION

Hiroshi Fukumura, Biichi Takahashi¢, lliroshi Masuhara

and Akira ltaya*

Osaka University, Suita, Osaka 565, and
‘Kyoto Institute of Technology, Matsugasaki, Kyoto 606 (Japan)

Iligh density photo-excited molecules embedded in a polymer film can
causc morphological change of the surface!. The mechanism is, however,
stitl unclear from a molecular point of vicw. In the present work, we have
studicd »iphenyl-doped poly(methyl methacrylate) films using a KrF
excimer laser (248nm, 18ns) 1o corrclate photochemical primary processes
with ablation. A nanosccond strcak camecra system was utilized to mcasure
fluorescence and transient absorption spectra of the [ilms just upon laser
ablation, Fragment cjection from the surface was directly monitored under
a microscope using rhodamine-dye fluorcscence as a nanosccond flash (amp.

The lowest triplet state of biphenyl was generated and decayed rapid-
ly during the laser pulse, and subscquently a continuum absorption spec-
trum covering the whole visible wavelength region appeared. The latier
may be ascribed to morphological changes., Any transient specics other
than Sy and Ti werce not observed. The [ilm scemed to remain transparent
and have nol been ablated during the pulse. Actually, fragment ejection
was conlirmed to occur at 50ns after cxcitation by nanosccond dynamic
photography. 1t is, thercfore, considercd Lhat it takes a few tens ns for

absorbed energy to disperse in the film and to induce its ablation.

M 11, Pukumura, N. Mibuka, 8. Eura, and !l. Masuhara,

Appl. Phys, A, in print,

2
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Optical Electrochemistry : Real-time Spectroscopy of Conduction Band
Electrons in a Metal Oxide Semiconductor Electrode.

Donald_Fitzmaurice
Departiment of Chemistry, University College Dublin, Dublin 4, Ireland.

Brian O'Regan and Michael Grillzel
Instilute de Chimie Physique, Ecole Polylechnique Fédérale de Lausanne,
CI1-1015 Lausanne, Switzerland.

Use of optically (ransparent TiO, membranes has permitied electrons present in
the conduction band of a semiconductor electrode to be monitored
spectroscopically in real-time. It has also been possible, for the first time, lo
correlate ceal-time absorbance changes assigned to Faradaic processes occurring at
the clectrode surface with the real-time behavior of the charge carriers in the
clectrode, also monitored spectroscopically. The purpose of this paper is lo
communicate the results of some inilial studies which demonsirale the
usefulness of such an approach 1.2,

Transparent TiO; membranes (thickness 4um) were prepared by sintering 15
colloidal anatase particles on a conducting glass support. Potentiostatic control of
the Fermi level within the colloidal-like particles of the semiconductor
membrane is possible 3. Visible, and near infrared spectra have been measured
for membrane biased at potentials between -1.500 V and +1.000 V (SCE) and
indicate formation of an accumulation layer at negative potentials. Spectral data
is presented in a manner which permils determination of the flatband potential
of the semiconductor membrane. The growth and decay behavior of the
accumulation layer have been studied and can be seen to be controlled by filling
of deep trap states 4. It has also been possible to monitor in real-time the
Nernstian shift of the membrane flatband potenlial following reduction of
adsorbed It ions under acidic conditions. Finally, Faradaic processes of
methylviologen at the TiO; membrane, following application of a polential step,
were investigated by real-time measurement of absorbance changes associated
with both the transport of charge carriers in the membrane and the redox
processes occurring at the surface of the membrane.

(1) B. O Regan, M. Gritzel, and D. Fitzmaurice, Chem. Phys. Lett., paper

submitted.

(2)  B. O Regan, M. Griitzel, and D. Filzmaurice, J. Phys. Chem,, paper
submitted.

(3)  B.O Regan, j. Moser, M. Anderson, and M. Griitzel, J. Phys. Chem. 94,
(1990), 8720.

(4)  W.Schwarzburg and F. Willig, Appl. Phys. Lett. 58, (1991), 000.
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RELATIONSHIP BETWEEN THE GEOMETRY OF THE EXCITED STATE OF VANADIUM OXIDES

ANCLIORED ONTO 510, AND THEIR PHOTOREACTIVITY TOWARD CO MOLECULES

Howard H. Pnccersona, Jian Chenga. Scott Despres“. Masatoshi Sunnmol:ob

and Masakazu Anpob, University of Maine®, Orono, Maine, 04469 (U.S.A.)

and University of Osaka Prefectureb. Osaka 591, (Japan)

When a metal oxide is dispersed on a support surface both {ts
physical and cherical nature are serfously modified, often resulting in
high catalytiec and photocatalytic activities and selectivities,
Fortunately, metal oxlde catalysts such as vanadium oxide supported on
§10, exhibits photoluminescence In the visible region,

In this paper we report the Franck-Condon analysis of the well
resolved phosphorescence spectra at 77K of vanadium oxide catalysts
anchored onto $i0, with dlfferent vanadium concentrations. The
photorcactivities of these catalysts toward €O molecules have been
measured and a good linear relationship between the ylelds of photo-
formed CO, and the phosphorescence yield is obtained. A comparison of
the theoretlcal Franck-Condon analysis and the experimental results
indicate that an elongation of the internuclear distance between vanadium
and oxypen lons in the excited state of the vanadyl groups may be
assoclated with the ecasy photoreduction of the catalyst with CO,
Further, the results  of the analysls  of the well-resolved
photoluminescence spectium of powdered Zn0 and tts small photoreactivity
toward CO are compared with those for vanadiwn oxides anchored onto S10,.
This analysis plves useful information about the lowest excited states of
the different catalysts and especially about the primary processes of

photocatalysis on a molecular scale.
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THE  INFLUENCE OF METALOD  SALTS  AND SQLID SUPPORTS ON THE
NATURE OF THE PHOTOCHEMICAL REACTION OF LI DIPHENYL-2 HALO-
SUBSTITUTED ETHENES

N.Zupancié and B.Skel,
Departinent of Chemistry, Univetsily of Ljubhana,

Ljiubljana, Yugostavia

Phololysis of Li-diphenyt-2-haloethene in wethanol solulion in the presonce
of coppetil) acclate, copperdD triphlate or cadmiuidll) aceale resulled in
the formation of fonic and radical products, The ralio of fonic and radical
products depended on the halogen alom bonded and also slightly on the
sall used. The elfecct of the solid supporl (silica yel, silica gel impregnaled
with copperlll) or cadiniwmdll) salts) was studied and il was determined
that the product distribution as well as lhe 1alio of jonie lo ionic and
radical products changed in compatison lo lhe results oblained when

irradialion was carricd oul in solulion.

/
\C=C -y _Je=c¢ pp— \C_"':C/ —--\C::C/ 4 X
/ \ / \ / ' / '
X X [P
hv by radical
products
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s Bt \
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EFFETS DES ETHER-COURONNES SUR LA STRUCTURE INTERFACIALE DES
MICELLES ET VESICULES.
T, Myassoedova®, D. Grand, et S, Hauteclogue.

H.A.75, Umversité Pais Sud. 91405 ORSAY (France)

Les ether couronnes(BO sont des composés capable d'encapsuler les contre
fons au voisinage des Interfaces micellaires ot vesiculaires, L'effot daddition
de quelques EC sur la structure interfaciale de micelles de laurylsulfate de
sodium (NaL8) et de vésicules de dihexadecylphosphate (DIP), est étudié par
Fintermédiaire de deux réactions de transfert ' olectrons: 1a photolonisation
de Lo tetramethylbenzidine (TMB) et le déclin du photocation (TMB*Y),

Les dtudes précédentes avaient montré une refation lindaire entre le rende-
ment d'lonisation et le potentiel é¢lectrique interfacial (A'l) M. D autre part,
la constante de vitesse de déclin du photocation TMB* est une fonction ex-
ponenticlle de AY ),

Au cours de e travall, nous avons observe des maodifications de A |, conso-
cutives aus additions 8 ether codronnes, Dans des conditions particulicees,

une augmentation de fa soparation des charges o pu dtre mise en dvidenae,

M A Benan, DL Grand and S, Havtedlogue, Radiat, Phys, Chem, 1988, 32 300

() T, Ben Chanhane, A, Bernas, D Grand, and S, Hauteclogue, J. Phys. Chem,

197, 91, 055

vlastitut Meodeleey | Moncou, HURSS,
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EFFECTS OF CROWN-ETHERS ON THE INTERPACIAL STRUCTURE OF MI-
CELLES AND VESICLES,
T. Myassveduva®’, D. Grand, and S. Hautecloyue.

U.A75, universit¢ Pacis Sud. 91405 ORSAY (France)

Crown ethers (CE) compounds are able to capture the counter fons near the
micellar or vesicular interfaces, The effect of varlous CE addition on the in-
terfacial structure of sodiumlaurylsulfate (NalS) micelles amd  dibexadecyt-
phosphate (DIHP} vesicles, is studied through two electron transfer reactions,
the NNNUN, tetramethylbenzidine (TMB) photoionization aud the paotocation
(TMB*) decay,

Previous studies had shown a linear dependence of the photoionization yield
vs the interfacial electrical potential (a1) (1 ), A relationship between TMB*

dark decay rate and 8 was also demonstrated( 2 },

In the present study, photoionization yield and TMB* decay rate display an

opposite variation vy CE concentration. The results are discussed in terms of

AV variations.

(1 )- A. Bernas, D. Grand and 8. Hautecloque, Radiat, Phys. Chem. 1988, 32, 309,

( 2 )- T. Ben Chaabane, A, Bernas, D. Gramd, and S. Hauteclogue, §. Phys. Chem,

1987, 91, 6055,

¢ Mendeleev Institute, Moscow, USSR,
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EXCITED-STATE PROTON-TRANSFER REACTIONS
IN LIPID BILAYER MEMBRANES OF VESICLES

Y.V.I1l'ichev, A.B.Demyashkevich and M.G.Kuzmin

Department of Chemistry, Moscow University, Moscow,117234,USSR

Investigation of excited-state proton-transfer reactions
in ordanized molecular assemblies supplies very important
information on the structure and dynamics of such systems.
These data are necessary to understand mechanisms of the proton
transport in biomembranes and to design artificial systems for
solar energy conversion, etc.

Proton transfer photoreactions of some hydroxyaromatic
compounds ArOH ( 1- and 2-naphthol, chlorosubstituted naph-
thols ) in vesicles prepared from egg lecithin ( EL ) or
dipalmitoylphosphatidylcholine ( DPPC ) were investigated.
Fluorescence spectra and kinetics of ArOH in vesicles
suspension depend on the 1lipid concentration. Almost all
molecules of the hydroxyaromatics are solubilized in the
bilayer membranes at the concentration of EL greater than 3 mH,.
Further increasing the lipid concentration do not change the
parameters of the decay curves and the ratio of the
fluorescence quantum yields of ArG™ ( ¢’) and ArOH ( p ).

In contrast to the homogeneous aqueous solution the decay
curve of ArOH in lipid bilayers at pHa7 can be fitted only by
the sum of two exponentials. The lifetime of the fast decaying
exponential term coincides with the rise time of Ar0~
fluorescence. This give a possibility to sugdest the existence
of at least two different localization sites of ArOH in the
bilayer. Only the molecules of ArOH located in more hydrophylic
region can dissociate in the excited state. The fraction of
these molecules can be calculated from the ratio of two
preexponential factors. The temperature dependence of v’'/¢ for
various naphthols in DPPC vesicles has a minimum near the
temperature of gel-~liquid crystal phase transition.

General dependence of the protolytic photodissociation
rate constants on the equilibrium constants was obtained for
vesicular, micellar and homogenious aqueous solutions.

PRI
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EXCITED STATE DIFFUSION OF TiCI' MOLLECULES IN DHP SUSPENSIONS

L. Liy, R. B. Pansu, J. Faure, J. Roncin,
URAT7S Equipe ENS Cachan, Université Paris Sud, 91405 Orsay (IFrance)

We have studied the diffusions and quenching of the excited state of some TICT
molceules, dialkoxy-1,4 anthracene (Antl,4) and biY,9'(cthyl12-hexyl10)anthryl (BOA),
which we enttapped in the bilayer membianc of diliexadecyl phosphate (DUHP). The tiine-
1csolved fluorescence decays are obtained with a streak camera in the picosceond time
scale. OQur purposc is 1o get a better understanding of the structure of bilayer membrane
formed from artificial surfactants,

(1) The DHP suspensions were obtained by the standard sonication protocolh),
“The influence of the ionisation of DIP polar groups on structure wds investigated by
adding NaOH to the suspensions prior sonication, Quasi clastic light scattering (QELS)
and encapsulation of paramagnetic or fluorescent probes have been used to investigate the
organization of bilayer membrane in DHP suspensions during preparation. By the
cncapsulation measurcments we show that more than 80% of DI molecules wc
organized in membrane fragments with the {lat disk shape. The clectron paramagunetic
resonance (EPR) spectra of n-doxyl stearic acid (nNS) show that a phase segregation of
the nitroxide probes occurs in the bilayer membranes and that the added probes are
locatized in the border of the disks.

(2) The isosbestic points obscrved from transicnt fluorescence spectra show the
existence of the two population in the DIIP bilayer membrance, a polar and & non polar
site. By monitoring the decay of the fluorescence intensity, we measure the excited state
diffusions of BOA and Ant1,4 from the core 1o the surface of ncutral DHP bilayer. The
decay of the inner population is more rapid for Ant1,4 (1;4=0.235ns) than for BOA
(tin=06ns). The quicker diffusion of Ant14 agrees with a ground solubilization of Ant14 at
the interface. The diffusion of the two molecules may be controlled by the surface of
potential originating from the variation of the chemical affinity of the probe across the
membranc.? In the case of charged DIP membrancs the fluorescences of two molecules
have the saunc decay rates in the 1ed region (470nm) as in the blue one(410nm), No
diffusion of the excited states has been observed for the two molecules.

(3) The efficient quenching of Antl,4 by nNS indicates that the fluoresceint
molccule is solubilized at the border of the disks, No dependence of the quenching rate on
the position of the nitroxide group was observed. The isosbestic point on the quenching
spectra confirms the existence of only two population in the neutral DILP membranc,

1 Pansu R., Arrio B., Roncin J., Faure J. J.Phys.Chem. YVol94 796-801(1990)
2 Pansu R, and Keitaro Yoshihara J.Phys.Chem. in press
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Diffusion de 'Etat Excité de Molécules TICT dans les Membranes de
Dihexadecylphosphate

L. Liu, R. B. Pansu, J. Faure, J. Roncin,
URA75 Equipe ENS Cachan, Université Parls Sud, 91405 Orsay
(France)

Nous avons étudié Ia diffusion et le quenching de I'état excité de dérivés de
l'anthracdne. soit dialkoxyl-1,4 anthractne(Ant1,4) et bi9,9'(ethyl12-
hexyl10)antnyl(BOA) qui sont encapsulés dans les bicouches membranaires de
dibexadecy(phosphate (DI1P). Les déclins de fluorescence résolus dans le temps ont éié
mesurés avee une caméra A balayage de fente picoseconde. Le but du travail est de
montrer 'existence de fragments membranaires et de mieux comprendre leur structure.

(1) Les vésicules et les fragments de membrane ont €€ préparés par sonicaiion(1),
L'influence de lonisation des tétes polaires du DHP sur la structure a é1é étudié en
neutralisant par la soude les échantillons avant sonication. Nous avons utilisé ta diffusion
de la lumidre et l'encapsulation de sondes paramagnétiques et fluorescentes pour V'dtude
de organisation des bicouches membranaires au cours de la préparation. La mesure de
V'encapsulation montre que plus de 80% de molécules D1IP sont organisées en fragments
membranaires qui ont Ja fonme de disques plats. Les spectres de n-doxyl acide
stéarique(n-NS) enregistrés par RPE montrent qu'il existe une ségrégation de phase des
sondes dans les disques et que ces sondes rajoutées sont localisées au bord des disques.

(2) Les points isosbestiques observés sur les spectres de fluorescence résolus duns
le temps montrent l'existence de deux populations dans les bicouches membranaires de
DD, correspondant A deux environnements polaire et apolaire, En analysant les déclins
de Fintensit€ de fluorescente nous mesurons les diffusions de I'état excité de 'Antl 4 et
du BOA du coeur vers 1a surface de la membrane, Le déclin de la populiation interne est
plus rapide pour 'Ant1,4 que pour le BOA (voir tableaul). La diffusion rapide de
I'Antl 4 montre bien une sofubilisation initiale de ces moléeules proche de linterface,
Dans le cas du DHP sous 1 forme basique 1a population rouge est plus favorable par
rapport la population bleve.

tableaul
Tin (ns) Tin (n3)
DHP in 0%NaOI in 50%NaOH
Antl 4 1,46 3,38
BOA 6,63 6,75

(3) Le quenching de 'Ant1,4 et le BOA par les n-NS indique que les molécules
Nuorescentes sont dissoutes i bord du disque. La vitesse de quenching est indépendante
de 1a position du groupe nitroxide. Les points isobestiques dans les spectres de quenching
stationnaire confirment quiil existe sculement deux localisations des solutés dans fes
membranes DHP,

1 Pansu R., Arrio B., Roncin J., Faure J, J.Phys.Chem. Vol94 796-801(1990)
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TRANSFORMATION EN SOLUTION AQUEUSE DU CYCLOHMEXADIENE~1,3 DIEYHANOATE-1,4
DE SODIUM ET DE L'ACIDE PHENYLENE-1,4 DIACETIQUE PHOTOCATALYSEE PAR Zn0

Claire RICHARD et Plerre BOULE
Laboratolre de Photochimie Moléculalre et Macromoléculaire, URA CNRS 433,
Unlversité Blaise Pascal (Clermont-Ferrand), F~63177 Aublére Cedex

J.M. AUBRY
Equipe de Recherche sur les Radlcaux Libres et 1'Oxygéne Singulet,
URA CNRS 351, UFR de Pharmacle, 3 rue du Pr Laguesse, F-59045 Lllle Cedex

Les transformatlons photocatalytiques du cyclohexadiéne-1,3
diéthanoate-1,4 de sodtuam (CHDDE) et de 1'acide phényléne-1,4 dlacétlique
(PDA) ont &té étudiées’.

C

NaD:C : CONs  HO2 : COH  Na02C . CO,Na

CHDDE PDA EPO

CHDDE a été cholsl comme substrat car i1 permet de mettre en évidence
1’ intervention ou non de ‘02 dans la réactlion, pulsqu'll réagit facilement
avec ‘02 en donnant un endoperoxyde spécifique :

CHDDE + 'O, ——— EPO

La formation de EPO n'étant pas observée lors de la transformation de
CHDDE photocatalysée par Zn0, on peut conclure que l02 n'intervient pas
dans la réaction. Des mesures cinétiques ont été faltes a plusieurs
concentrations de substrats, & différents pH et en )'absence ou en
présence d'alcool isopropylique, utilisé comme capteur d'OHs. A pH = 7,
pour une concentratfon de substrat de 10'3 M, les rendements quantiques de
transformation sont égaux & 0,31 et 0,15 pour CHDDE et PDA respectivement,
En présence de 14 de 1Profl, ils lombent & 0,24 ct 0,08, A pll = 11, \ls
sont égaux A 0,19 et 0,17. De plus, les disparitlons sont complétement
inhibées par 1P OH,

On peut conclure qu’en milieu baslique, 1'oxydation par Olle est 1la
principale vole de transformation. En milieu neutre, d'autres espéces
interviennent. Une oxydation du substrat par les trous positifs

est proposée,

'c. Richard, P, Boule et J.M, Aubry, J, Photochem. Photoblol, A,sous presse
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PIHOTOCATALYTIC TRANSFORMATION OF SODIUM \,3-CYCLOHEXAD[ENE 1,4-D1ETHANOATE
AND 1,4-PHENYLENEDIACETIC AC1D, 1IN AQUEOUS Zn0 SUSPENSION
Clalre RICUARD and Plerre BOULE

Laboratolre de Photochimle Moléculalre et Macromoléculalre, URA CNRS 433,
Universite Blaise pascal (Clermont-Ferrand). F-63177 Aublére Cedex

J.M. AUBRY
Equlpe de Recherche sur les Radicaux Libres el 1’ Oxygéne Singulet,
UitA CNRS 351, UFR de pharmacle, 3 rue du Pr L.aguesse,, F~59045 Lille Cedex

The phoLocaLalytlc transformations of sodium \.3-cyc10hqxadlcne 1,4~
diethanoate (CHDDE) and 1,4-phcnylencdlacetlc acid (PDA) have been
studledl.

NaOG COaMNa HOXC oy COH N3O CO;Ns
) " -
CHDUL PDA EPO

CHIUUE was chosen as a probe molecule for l02 fnvolvement. It easlly

reacts indecd with l02 giving rise to a specific endoperoxide
Cippg + ‘0, ——— EFO

In the phatocatalytlc transformation of CHODE on 2Zn0O, nho formation of
PO was obscrved, and i1t can be concluded that 10? 1s not lnvolved,

The initial rates of CHDDE and PDA trans[ormation have been measvred as
functions of the initial substrate concentratlion in the absence and in lhe
presence  of {Prol, an Oli+ scavenger. AL phi=T, with 2 substrate
concentration equal to 10'3 M, quantum ylelds of converslon are 0.31 and
0.15 respectively for CHUDE and PDA, In the presence of IPrOM, 14 v/v, the
quantum ylelds were reduced to 0.24 and 0.08. At pit=11, they are
respectively equal to 0,19 and 0,17, and {Proft inhiblls almost completely
the consumption of the two substrates.

It can be deduced that in baslc solutlon, the oxidation by hydroxyl
radlcals is the maln route of substrate conversion. In neutral medium, it

competes with one or several other pathways. oOxidation by positive holes

is most likely one of them,

1C. Richard, P. Boule and J. M. Aubry, J. Photochem. Photobiol. A, In press




111-17

PHOTOPHYSICAL PROPERTIES OF
TRIARYL PYRYLIUM SALTS

C.Ecoffet,D.Markovitsi

Centre d'études de Saclay, SCM, CNRS UA 331, Laboratoire de
Photochimie, F-91191 Gif-sur-Yvette, France, .

M.Veber, C.Jallabert and H.Strzelecka

ESPCI-CNRS UA 429, 10, rue Vauquelin, 75231 Paris Cedex 035,
France

The photophysical
properties of a homologous
series of 2,4,6-triaryl
pyrylium tetrafluoroborates
substituted by six alkoxy
chains(1,2,3) (fig.1) are
investigated in dilute
solutions and in their
columnar 1liquid crystalline
and solid phases. Both
oriented and non oriented
liquid crystalline samples
are studied.

The influence of lateral
chain length on the absorp-

tion, fluorescence and exci- Fig.1
tation spectra and on the Triaryl pyrylium saltsz
fluorescence lifetimes and R=CpH2n+1/ n=2,3,4,5.8,1

quantum ylelds 1s examined

in various solvents.

In the organized phases the steady-state
fluorescence spectra are red-shifted with respect to
those observed with dilute solutions. The presence of
two emission bands has been revealed by time resolved
spectroscopy. These vands are attributed to the
existence of different energy sites within each column,
due to the relative orientation of neighbouring
chromophores. The decay kinetics which greatly depend on
the lateral chain length, consequently on the distance
between the column axes, indicate that both
intracolumnar and intercolumnar transfer processes are
involved.

(1) STRZELECKA, H., JALLABERT, C. and VEBER, M,, 1988, Molec. Crystals
Liq. Crystals, 156, 355.

(2) DAVIDSON, P., JALLABERT, C., LEVELUT, A.M., STRZELECKA, H.,

VEBER, M., 1988, (a) Liq. Crystals, 3, 133. (b) Molec. Crystals Liq.
Crystals, 161, 395.

{3) MARKoviTSi, D., LECUYER, I., CLERGEOT, B., JALLABERT, C., STRZELECKA,
H. and VEBER, M., 1989, Liq. Crystals, &, 83.
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DIFFUSION DU BIANTHRYL DANS LES MILIEUX MICRO-H IETEROGENES,

L Liu, R B Pansu, J Faure, URA75 Université Paris Sud Orsay France
M.Vincent, J.Gallais, LURE Paris Sud QOrsay France

R Lapouyade, URA348 Universilé Bordeaux 1 Talence France

K Yoshihara, IMS Okazaki Japan

La diffusion et le piégeage de I'état excité du Bianthryl (BA) a été étudide
dans divers milieux micro-hétérogénes afin de déterminer la localisation de la
molécule sonde. Le BA est une molécule apolaira mais sont son specire de
fluorescence dépend de la polarité du solvant, Dans les micelles, 1a molécule
excitée diffuse vers linterface aqueuse ou elle est piégée. Cetle diffusion a
lisu sur la surface de potentiel constituée par les variations de l'affinité de la
molécule pour les différents cite du milieu micro-hétérogéne. Le cinétique de
la diffusion refléte la forme de la surface de potentiel. La dynamique des
populations libre et piégée a étée mesurée par fluorescence. Les milieux
étudiés inclus les vésicules de DMPC (dimeristoyl-phosphatidyl-choline) , les
membrane de DODAC (Dioctadecyl-dimethyl-ammonium chloride), les
micelles de CTAC (Cethyl-trimethyl-ammonium chloride) et de SDS (Sodium
dodecylsulfate) et des suspensions de microcristaux de bianthryl. Les
suspensions de tensio-actifs ont é1é obtenues par sonication et filtration en
suivant le protocole standard! Le courbes de déclin de fluorescence ont étées
obtenues en comptage de photon unique {IMS) ou avec une camera a
balayage de fente (Orsay). Des simulation des déclins ont é1é eflectuées par
résolution numérique de I'équation de Smolukovsky afin de déterminer la
forme du profii de potentiel. .

Dans les micelles, le temps caractéristique de dépolarisation de fluorescence
indique que la diffusion browniéne a lieu. Dans les micelles de SDS, le
bianthryl rencontre une barriére énergétique sur son chemin vers la surface.
Dans les micelles de CTAC, le bianthry! apparait comme proche de la sutface,

Dans les milieu membranaires (DMPC, DODAC), la dépolarisation de
I'émission que le temps caractéristique de rotation browniéne. Le déclin de la

population "libre” est de la forme exp(-k\ft-). Ce type de déclin est typique d'un
procéssus de diffusion vers des piéges distribués aléatoirement. Les deux
observations montrent que le BA forme des micro-domaines dans la
membrane et qu'une dilfusion résonantz de l'excitation a lieu,

References :

I Pansu R., Arrio B., Roncin J., Faurc J, J.Phys.Chem.Vol94 796-801
(1990)
Pansu R.B. Yoshihara K J.Phys.Chem. in press (1991)
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DIFFUSION OF BIANTHRYL EXCITED STATES IN MICROHETEROGENEOUS MEDIA.

L Liu, R B Pansu, J Faure, URA75 Université Paris Sud Orsay France
M.Vincenl, J.Gallais, LURE Paris Sud Orsay France

R Lapouyade, URA348 Université Bordeaux 1 Talence France

K Yoshihara, IMS Okazaki Japan

The ditfusion and trapping of bianthryl exciied state has been sludied in
various microheleroganeous media in order to determine bianthryl
localisation. Bianthryl is an apolar molecule bul its excited state emission
depends on the polarity of the solvent, In micelles, the excited molecule
diffuses and reaches the water phase where it is trapped. The difiusion of the
axcited state occurs on tha potential surface and bartiers originaling from the
variation of the chemical affinity of the probe across the microdomain. The
dynamics of the diffusion depends on the shape of the chemical potential
profil. The inner and superlicial population have been measured by monitoring
the fluorescence intensity. The media studied include DMPC (dimeristoyl-
phosphatidyl-choline) vesicles, DODAC (Dioctadecy!-dimethyl-ammonium
chloride) membranes, CTAC (Cethyl-trimethyl-ammonium chloride) and SDS
(Sodium dodecylsulfate micelles and bianthryl microcristal suspensions. The
surfactant suspensions were obtained by sonication and filtration using
standard preparation protocois! The fluorescence decay curves whare
registered with the picosecond time correlated single photon counting method
(IMS) or with a streack camera (Orsay). Simulation of the decays where
performed using the numerical solutions of the Smolukovsky diffusion
equation, in order to determine the shape of the chemical potential profil.

In micellar systems the fluorescence depolarisation lifetime indicates that
physical diffusion occurs. In SDS micellas, bianthryl encounters a barrier on ils
way to the surface. In CTAC micelles bianthryl appears to be close to the
surface but no diffusion of the water inside the miceile is observed.

In membrane systems (DMPC, DODAC), the depolarisation of the emission is
much shorter than the expected rotational relaxation time. The decay of the
rmemorana population has tho form of oxp(-k\rl_). This decay shape is typical of
a diffusion process 1o randomly distributed traps. Both observations shows that
bianthryl molecules form micro-domains in the membrane and that exciton
diffusion and trapping occurs.

References :

I' Pansu R., Arrio B., Roncin J., Faure J, J.Phys.Chem.Vol94 796-801
(1990)
Pansu R.B. Yoshihara K J.Phys.Chem. in press (1991)
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PHOTOCHEMICALLY SWITCHED PHASE TRANSITIONS
IN LYOTROPIC LIQUID CRYSTALLINE SURFACTANT SYSTEMS

Thomas Wolff and Bernhard Klaufiner

Universitdt Siegen, Physikalische Chemie
D-5900 Siegen, F.R.G.

In concentrated aqueous surfactant solutions (> 20 $ by
weight) interactions of micellar aggregates lead to the forma-
tion of lyotropic liquid crystalline phases. Phase transition
temperatures {p7?T) in these systems may be increased or decrea-
sed by several degrees upon addition of small amounts of cer-
tain aromatic compounds while other aromatic compounds do not
show this effect. In some cases it 1is possible to transform
photochemically compounds of the former class to compounds
belonging to the latter!'’Thereby in-situ changes of p7T beco-
me possible simply by exposing the samples to a suitable radia-
tion field. This allows reversible swichting of phases when
samples containing photochromic solubilizates are irradiated
under conditions near pT, provided the isomeric forms of these
solubilizates have different influences on pT. In principle,
the observed effects are of interest for photochemical informa-
tion storage.

We want to report on light induced phase transitions be-
tween liquid crystalline phases and (optically) isotropic pha-
ses, obtained using cationic (cetyltrimethylammonium bromide)
and non-ionic (Triton X-100) surfactants and stilbene as well
as azobenzene derivatives as photochromic solubilizates. The
results indicate an influence of the geometry of the respective
photoisomers, i.e. longish isomers of solubilizates stabilize
the isotropic phase rather than corresponding globular isomers.

(1) T, Wollf, Colloid Polym. Sci. 267 (1989) 345.
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THE NATURE OF THE EXCITED STATES OFF CdS SEMICONDUCTOR
PIHOTOCATALYSTS
Stephen Doherty and John Sodeau
School of Chemical Sciences, University of East Anglia, Norwich NR4 7TJ, UK

Interest in sewiconductor systems, such as CdS, ZnS and TiOz has increascd rapidly in
reeent yeus due mainly to their potential use as solar harvesting systems. “The compounds °
have also found an important wiility in the photosynthesis of organic molecules. Many of the
studics employ colloidal dispersions of the scmiconductor matcrials and in order to maximise
their photocatalytic activity it is clearly important to characterise the nature of the cxcited states
involved. In this work the luminescences of CdS colloidal dispersions has been investigated
using a combination of stcady-state and timmc-resolved absorption and emission spectroscopics.
Fluorescence was found to originate with two main chemical surface states whosc emission
propertics are also susceptible to particle size cffects.

Colloidal dispersions of nanometre-sized cadmiwm sulphide particles (R<Inm) were
prepared in AOT/heptane/water reversed micelles (inicroemulsions). These solutions give a
strong emission centred around 470 nm but includes shoulders at 425, 450, 500 and 530 nim.
‘The profile is found to be sensitive to the ratio of cadmium to sulphide used in the preparation,
with the sulphide-rich specics being responsible for the longer wavelength emission.
Interestingly this type of emission is rapidly quenched as a function of time (ca. 2 hours)
presumably due to chemical changes within the system. Twao types of CdS dispersion with 1:1
stoichiometry (cadmiunusulphide) were also prepared to give an initial sumlace excess in cither
onc of the specics. Again it was shown from our measurcments that the preparation which has
the more sulphide-cariched surface gives the lower energy luminescence. However, all the
cmission profiles become similar as a function of time presumably because the colloidal
surfaces cvolve towards formal 1:1 stoichiometry, This information coupled with our further
observations on the rapid fluorescence quenching which occurs on the addition of water points
to the over-riding importance of surface sites in the cmission of CdS.

Fluorescence lifetime measurements of the systems reveals complicated mulii-
exponential character in all cascs, However, by investigating the system using time-resolved
cinission spectroscopy, we have shown for the first time that only two specics give rise to the
observed luminescence. One type decays rapidly (T ~ 5 ns) and emits at short wavelengths
(425 nm); the sccond, longer-lived species (T~ 50 ns) emits at lower energy (475 nm). We
belicve that these two main components are responsible for the emission in all of the CdS
species we have produced. The low eri-gy species can be assigned to surface cadmium
vacancies '(sulphidc excess) whilst the high encrgy specics are surface sulphide vacancies
(cadmium cxcess).

On production of larger sized CdS particles (R = 2am) we {ind that the emission profile
is 1ed-shifted (530 nm) in accord with a concomitant decrease in the uv absorption band gap
cnergy.
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Quantum-sized HgS in Contact with Quantum-sized
CdS-Colloids

A.tlassclibarth, A.Eychmiller, H.Wciler, [fahn-Mecitner-Institut,  Betlin Gmbii,
Abt. Photochemie, Glicnicker Str, 100, D-1000 Berlin 39

It has been accomplished to grow differently sized HgS
nanocrystallites in a controlled manner on the surface of CdS-
nanocrystallites, thus forming a so-called sandwich colloid.

The charge carrier dynamics in colloidal CdS are rcasonably well
understood (1,2). Now we investigate a more complex system
cxhibiting both clectron and hole transfer from CdS to Q-sized HgS,
the recombination of which gives rise .0 remarkable fluorescence
propertics. The maximum of the fluorescence band of Q-HgS can be
shifted according to its size (quantuin-size effect) between 580 nm
and 770 nm. Hence, it is possible to prepare solutions showing
exquisite green, yellow, orange or red fluorescence (fig. 1).

We confirmed the existence of these sandwich particles by chemical
and speciroscopic methods and traced the opto-clectronic properties
by means of static and time-resolved fluorescence spectroscopy at
temperatures  between room  temperature and  liquid  helium
temperature, A fluorescence mechanism will be proposed.

Fluorescence Intensty / arb units

T T Y T Y
[ 0 4 1% 16 18 20 14 24

Wavenumbers 7 x 1000 cm*!
Figure §: Fluorcscence spectra of CdS in contact with HgS of various size,
Literature: (1) M. O'Ncil, J. Marohn, G. MclLendon, J. Phys. Chem. 94 (1990) 4356

(2) A. Eychmiiller, A, 1lassclbanth, L. Katsikas, H. Weller
Ber. Bunscnges. Phys, Chem. 95 (1991) 79
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PHOTOREDOX PROCESSES ON MIXED TiOz/Fe203 COLLOIDS
Gottfried GRABNER
Institut {ir Theoretische Chemie und Strahlenchemie,
Universitdt Wien, Wdhringerstrasse 38, A-1090 Vienna, Austria
and
Jaromir JIRKOVSKY
lleyrovsky Institute of Physical Chemistry and Electro-
chemistry, Dolejskova 3, 18223 Prague 8, CSFR

Photocatalytic properties of aqueous solutions of mixed
TiOZ/Fe203 colloids (FeIII—content between 0.02 and 5%) have
been studied by laser flash photolysis ( Aexc = 355 nin) and
transient absorption spectroscopy. Reduction of methyl
vieclogen (Mv2+) in alkaline solution (pH 11.6) and oxidation
of SCN~ in acid solution (pll 1.7) have been examined in

detail. Laser-induced formation of transients (Mv' or (SCN);)
depends on the FeIII-content of the colloid. Application of
m shows that quantum yields of
Mv2+ reduction, as well as concentrations of adsorbed MV2+,

decrease with incrcasing FeIII—content; the opposite is truc

a model developed previously

for SCN  oxidation. In contrast to what is obtained in pure
'I‘io2 colloids, the dependence of the concentration of SCN
adsorbed on the particle surface on bulk SCN concentration
does not conform Lo a single adsorption isotherm. Formation
of (SCN); is observed even at very low bulk SCN~ concentration
( (10_5 M), indicating the contribution of specific complexa-

. - +
tion of SCN with surface Fc3 ions.

(1) G.Grabner and R.M.Quint, Langmuir, in press.
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THE PHOTODEGRADATION OF LIGNIN MODELS IN SOLID MEDIA
Reinaldo Rusgiero' and Miguel G. Neum'unn2

'Universidade Federal de Uberléindia (Brazil) and
*Universidade de S&o Paulo (Brazil)

The photodegradation of ether modele of 1lignins included
in PMMA polymer matrices or abaorbed on low density polyethy-
lene films has been studied using flash photolysis and steady
state irradiationa. Reaction products were identified by chro-
matography, ir and uv-vis spectroscopy. The models included o-
and f~0-4 ethers, which may contain OH, OCHa. and CO groups &t
various positions on the chain or the rings.

The transient spectra observed by flash photolyeis of all
ether models in solid media showed the presence of phenoxy ra-
dicals, similar to those found in solution™, indicating pri-
mary photochemical steps corresponding to the cleavage of the a
or B ether bonds, or when present phenolic O-H bonis. In gene~
ral, a-0-4 bonde cleave easier than £-0-4 bonds. Aleo, the pre-
sence of carbonyl groups at the a position ircreases the rate
of this reaction, possibily due to energy transfer.

On the other side, no ketyl radicsals were detected, indi-
cating that abstraction of hydrogen atoms by excited carbonyl
groups is not as efficient as in sclution, as expected from the
lower mobility of the species in these media. Similarly, in the
abeence of oxygen, no coupling products leading ¢to coloured
specie&” were observed. Under these conditions, no formation
of carbonyl groups could be detected.

These results show that great care has to be taken when
trying to extended the reaction mechanisms of photodegradation
of models in solution to those for the lignins in their natural

enpvironment.

‘“Neumann. De Groote, Machado, Polym.Photochem., 7, 401 (1986)
“®Ccastellan et al., Holzforschung, 43, 179 (1989)
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OBSERVATIONS DURING THE EXPOSURE OF A Ce-Pd INTERFACE
TO WATER VAPOR AND SOLAR LIKE LIGHT

T. Greber and L. Schlapbach

Institut de Physique Université de Fribourg, Pérolles, CH-1700 Fribourg

Reduced CeOa.x is known to be oxydized at room iemperatlure wilh
waler under hydrogen release. If palladium is added io this system lhe
reaction rate is increased by more than two orders of magnitude.(V) A
photo reduction of Ce would allow further hydrogen generation by this
process. After the observation that water dissociates on a Ce-Pd
interface and a large portion of the released hydrogen penetrales into
the palladium substrate,(2) further hydrogen can be generated in
illuminating such a system consisting in a Ce-Pd interface and water
vapor in the gas phase with solar like light. The reaction was studied in
ultra high vacuum by means of a hydrogen sensitive melal insulator
semiconductor (MIS) device.(3) After the passivation of the metallic
interface by water vapor the hydrogen delector indicates at water
pressures of 10-5 Pa hydrogen generation.

—
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Figure 1 Response of Ce-Pd MIS deteclor under light exposure to gas
burst dosages. A clear effect is observed if such a structure is exposed
to 10-5 Pa waler vapor. The effect is compared with a 10-5 Pa hydrogen
gas burst. The dashed lines correspond to the shift decrease belore the
bursts which indicates the hydrogen depletion of the delector.

(1) K. Otsuka, M. Hatamo, A, Morikawa, J. of Catal.79, 493 (1983)

(2) T. Greber and L. Schlapbach, Contribution to the Metal-Hydrogen
Systems Symposium, Stuttgart 1988, in Z. {. Phys. Chem. Neue
Folge,164, 1213 (1989)

(3) 1. Lundstrdm, Sensors and Actuators 1, 403 {1981)
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DESORPTION D'IONS POSITIFS INDUITE PAR IMPACT DE PHOTONS
SUR LES MOLECULES CONDENSEES (Cll1,-11,0)

Lo Uelinel?), G. Dujardin(}), R, Azria(2), M-J, Ramage(l), Y. Le Coarl2)
Laboratoire de Photophysique Moléculaire, Centre National de la Recherche Scientifique,
Batiment 213, Université Paris-Sud,

91405 - ORSAY Cedex, France
el,

(DLavoratoire pour I'Utilisation du Rayonnement Elcctromagnétique (LURE),
Centre National de fa Recherche Scientifique, Commissariat A I'Energic Atomique,
Ministice de I'Education Nationale,

Batiment 209D, Université Paris-Sud
91405 - ORSAY Cedex, France,

{2) Laborateire des Collisions Atomiques ¢t Moléculaires,
Batiment 351, Université Pa is-Sud,
91405 - ORSAY Cedex, France,

L'excitation entre 20 et 100 eV de molécules condensées en multicouches peut produire
differents processus électroniques comme la simple ou la multiple ionisation, I'excitation d'&tais
satellites ou de Rydberg, Ces processus primaires et les réactions secondaires induites & la surface
de tels systémes par impact de photons peuvent &ire sondés par 'analyse en masse des ions
positifs désorbés,

Cas de 11,0 +

1) Par impact de photons sur {a glace en multicouches, seule la désorption de 1 est obscrvég
avec unseuil 425 eV, ge seuil correspond probablement A la formation d'étals satellites de H,0
¢t la désorption de I1° peut certainement s'expliquer par un mécanisme comparable 2 celui
proposé pour expliquer la désorption d'ions dans l'argon condensé(l),

2) Quand une submonocouche de 11,0, déposée sur un film formé de multicouches de krypton
est photoexcitée entre 20 et 150 eV la désorption d'ions est dominée par la désorption d’sgrégals
(H20), 117 (n = 1 2 10). Lintensité de la désorption de ces agrégats suit exactement la variation
de la désorption de Kr* dans le krypton pur en fonction de l'dnergie d'excitation. Dans ce cas
I'énergic d'excitation absorbée par le substrat, en l'occurence le krypton, est (ransférée aux
agrégats d’eau (11,0), cn surface ol la désorption a licu.

Cas de Cil, ¢

La photoexcitation du méthane condensé entre 15 et 60 eV induit la désorption d'un
grand nombre d'ions positils dont la masse cst comprise entre 1 ¢t 40. 1l y a deux _prnndg_s
familles d'ions : P'ion parent Cll, " et les ions provenant de sa fragmentation (117, Cll, Cll, ",
..) el ceux provenant de réactions ion-molécule en surface (CH;". Cpll; 7, Cplig ..). Llion
parcnt lui-méme est observé avec un rendement trés faible, un seuil 425 eV et une augmentation
brutale vers 35 eV, Les ions [ragments apparaissent & des éncrgics comparables 4 celles de la
phase gazeuse(z). It faut remarquer que le rendement de tous les ions primaires ¢t secondaires
augmentent brutalenient aux environs de 35 ¢V qui est Je scuil de double ionisation de CH, en
phase gnzeusc( .

Conclusion ¢

Comme nous )'avons démonteé pour les rares gaz condcnsés(l). la désorption des ions
simpiement chargés est principalement gouvernée par un acte primaire qui implique 'excitation
de deux électrons (formation d'états satcllites ou double ionisation) suivie par un échange de
charge intermoléculaire ou une ionisation, Ensuile, la répulsion coulombienne entre les 2 charges
positives produit I'éjection des espices chargées positivement, Ces résullals mettent en évidence
le role de mécanismes supplémentaires (fragmentation, réaction ion-molécule, formation
d'agrégats en surface) pour la désorption d'ions quand les molécules sont concernées,
Références
(1) G. Dujardin, L. Hellner, M.J. Ramage-Besnard and R, Azria,

Phys. Rev, Leut, 64, 1289 (1990)
(2) M. Ait-Kaci, Thesis, Orsay 1988.
(3) G. Dujardin, D. Winkoun, S. Leach, Phys. Rev, A 31, 3027 (1985).
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DESORPTION OF POSITIVE IONS INDUCED BY PHOTON IMIACT
ON CONDENSED MOLECULES (Cliy - 170)

L telineel V), G. Dujardin(!), R. Azria(2), M-J, Ramage(!), Y. Le Coar(2)
Laboratoire de Photophysique Moléculaire, Centre National de la Recherche Scientilique,
Batimeat 213, Université Paris-Sud,

71405 - ORSAY Cedex, France
wid,

(NLaboratoire pour I'Utilisation du Rayonnement Electromagnétique (LURE),
Centre National de fa Recherche Scientifique, Commissariat A I'Encrgic Atomique,
Ministere de P'Education Nationale,

Batiment 209D, Université Paris-Sud,

91405 - ORSAY Cedex, France,

(2)Laboratoire des Collisions Atomiques et Moléculaires,
Batiment 351, Université Paris-Sud,
91405 - ORSAY Cedex, France.

The excitation in 20-100 eV cnergy range of molccules condensed in multilayers can
produce different electronic processes as single ionization, multiple ionization, excitation of
satellites states or Rydberg states. Those primary processes and the secondary reactions induced
at the surface of such systems by photon impact can be probed by the mass analysis of desorbed
positive ions.

110 ease ¥

1) Dy photon impact on ice in multilayers, only the desorption of H* is observed with a
threshold energy at 25 eV. This threshold corresponds probably to the formation of satellites
states of 1130* and the desorption of H* can certainly be explained by similar mechanism as
those involved for jon desorption in condensed argon i),

2) When a sub monolayer of 170 on a multilayer film of Kr is photoexcited between 20 and
150 eV the ion desorption is dominated by the desorption of clusters (1130), H*(n =1 to 10),
The intensity of the ion desorption follows exactly the variation of the desorption of Kr* in
pure kryplon as a function of excitation cnergy. In this case the excitation energy absorbed by
the substrate (Kr) is transfercd to the clusters of 130 at the surface where the desorption
accurs,

CHy case :

The photoexcitation of condensed mcthane between 15 and 60 ¢V induces the
pholodesorption of positive ions dispersed on a large mass spectrum (m = | to 40). There are
two ain families of ions, those issued of the fragmentation of the parent jon CHy* (HY,
Cliy*, CH3*,...) and those resulting from a jon-molecule reaction (CHg*, CyH3*, Callst..).
The parent jon itself is observed with a much lower yield. The threshold for the desorption of
Cllg* is measured at around 25 eV with a sudden increase of the yield at around 35 eV, The
fragment ions appear at energies which are similar to those observed in gas phase(2),
Nevertheless it should be noticed that the yield of all ions (primary and secondary), increased
suddenly at 35 eV, double ionization threshold of Ctyg in gas phase ),

Concluslon :

As we have den “nstrated (or the rare gascs('). the desorption of singly charged ions is
mainly gouverned by a primary act which involved the excitation of two electrons (formation
of satcllites states or double ionization) followed by intermolecular charge exchange or
ionization leading to a Coulomb repulsion between positive charges. In addition the present
results emphasize the role of additional mechanismes (fragmeniation, ion-molecule reaction
and cluster formation at surlace...) of ion desorption wlhen molecules are concerned.
References o
(1) G. Dujardin, L, Hellner, M.J, Ramage-Besnard and R, Azria,

Phys. Rev, Lett, 64, 1289 (1990).
(2) M. Ait-Kaci, Thesis, Orsay 1988,
(3) G. Dujardin, D, Winkoun, S. Leach, Phys, Rev, A 31, 3027 (1985).
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SYNTHESIS OF (Cr, Ti,),0, SOLID SOLUTION
BY LASER-IGNITED VAPOR-PHASE REACTION.

Toshiyuki Qyami, Yasuhiro limura, Taduhiro Ishii® ,and Kazuo Takeuchi

The Institute of Physical and Chemical Research,
2-1, Hirosawa, Wakoshi 351-01, (Japan)

*Deparunent of Applicd Chemistry, Science University of Tokyo,
1-3, Kagurazaka, Tokyo 162, (Japan)

Recently, much attention has been paid to the fine ceramic powders prepared by chemical
vapor deposition; the fine powders produced by a vapor-phasc reaction have a low impurity
level and a narrow size distribution. In the present work we have obtained a monodispersed fine
powder of (Cr, Ti ),0, in a singlc phuse by igniting a chain reaction in a gas mixture of
CrO,Cl,-TiCl -1}, with a TEA CO, laser,

The explosive reaction induced by irradiation of the gas mixture with a focused single lascr
pulse was accompanicd by a strong orange emission, The reaction products were HCl and dark-
green particles. The distribution of particle sizes was relatively uniform with a mean particle
size of 0.25jum. For all the experiments the P(26) line of the 10.6um branch at 939cm™ was
uscd, corresponding 1o ihe Cr-O stretching mode of CrO,Cl,. The X-ray diffraction patterns of
the powders produced arc almost identical to that published for Cr,0,,* a"hough the peaks arc
shifted to fower un, . s. Latlice constants were calculated by the method of WPPD.® The
lengths of the a-and c-axes of the hexagonal unit cell of the oxide produced increase lincarly
with increasing TiCl,/CrO,Cl, ratio in the gas wixture, The dilfercnces in lattice constants are
due to the different ionic radius between Cr*(0.63A)and Ti**(0.76A). From the experimental
results, we consider that because of the small difference in the ionic radius of titanium, it can
occupy the regular cation position giving a substitutional solid solution. Compositional changes
result in the color of the particles varying from light-green to dark-green,

REFERENCES
1) 1.D.Cascy and J.S.Haggerty, J.Mater.Sci. 22,737(1987).
2) HL.Tor va, J,Appl.Cryst.12,440(1986).
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PHOTOPHYSICS AND PHOTOCHEMISTRY OF COMPCQUNDS
WITH MULTIPLE PATIHWAYS, W(CO),phen

Elspeth Lindsay’, Cooper 11, Langford®, D.K. Sharma’, Derk 1. Stufkens™
*Concoidia Universily, 1455 de Maisonneuve O., Montreal, Quebee, Canada, HIG [MS,

**Universiteit van Amsterdam, Anotganisch Chemiseh Laboratorivm, LI Van't Hotl
Instituut, Nicuwe Achtergracht 166, 1018 WV Amsterdam,

The compound W(CO),phen (phen = 1, 10 phenanthroling) is photochemically
interesting as it has been established that figand substitution processes oceur from a
metal-lo-ligand charge transfer (MLCT) excited state!”.  Pressure dependence studies™
have revealed that ligand substitution follows an associative mechanism upon irradiation
into the MLCT band.  However, upon excilation into the ligand field (LF) band, ligand
substitution follows a dissociative pathway®, Furthermore, non-gquilibiium multiple
luminescence has been observed for W(CO),phen®®, thereby indicating rather unusual
photophysics,  Thus, we have initinted a time-resolved absorplion study using
picosecond laser (lash photolysis. The system uses a mode-locked Nd/YAG laser with
a 2.5 mJ, 30 ps pulsc with wavelength of 355 nm or 532 nm for excitation and a 425-
675 nm probe pulse Tor deteetion. The excited state absorbance was ubserved within
20 ps of excitation inty the LEF or the MLCT band, but there is a time dependence in the
excited state absorbance following MLCT cxcitation which is missing following
excitation into the LF band,  Solvatochromic shifts evaluated for the exciled state
absorbance are similar to those observed in itz ground state absorbance.  Alicrnative

models for photopl:ysical events will be considered,

(1) 1LK, Van Dijk, P.C, Scivaas, D.J. Stutkens, Ad Oskam, Inoig, Chim. Acta,, 104,
179, (1985)

(2) R.W, Balk, T, Snoeck, D.J. Stulkens, Ad Osham, norg, Chiem., 19, 3015, (1980)

(3) K.A. Rawlins, A, Lees, Inorg. Chem,, 28, 2154, (1989)
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THE PHOTOCHEMLSTRY OFF AMLNO SUBSTLUTUTED 1, 4=-NAPIFTHOOULTHONES

Agalha M, Viljoen and Frans J.C. Martins

Department of Chemlistry, Potchefstroom Universily Lor C.ILE.,

pPotchiefstroom 2520 (Soulh Africa)

LU has been uhuwn(l) thalt phololysiy of 2-amlno=-1 ,4-naphthogquinone
In acetlc anbydride leads to the Tormatlon of the Lilmerte 0= 3 =amlno-
2'= (1, 4A~uaphthoquinonyl) }~dlbenso([b,h] carbazole-~%,13:7 .1 2~diquinone as
well as J,3'-ddamino-2,2'-bl-1 ,4-naphthoquinonyl and dibensolb,h]carba=
zole-5,13:7,12-diguinone .

We now wish Lo reporl that substitullon in the 3-position of 2-
amino-1,4-naphthoquinone, with groups such as melhyl, phenyl, halogen
or amino, Lends to causc photochemical autoxidalion leading mainly to
Lhe formalion of phithalic acid. The reaclion probably proceeds via
cpoxidation followed by hydrolysis and subsequent ring cleavage. A
rcaction mechanlsm which explalns thls plicnomenon will be discussed.,

‘the photolysls of 3,3'-dlamino~2,2'-bi-1,4-naphthoquinonyl sur=
prisiugly Look quiLe a different course Lo produce a product with a
N, ) and which conLaing only two secomdary

40" 100N
amino groups. The photochemlcal condensallon of the two blgulnonyd

molecular mass of 651 (C

molccules is unique in Lhe sense that it incorporates Lhe loss of two
primary amino groups. ‘he struclurce ol this unusual photoproduct as

well as a possible explanalion for ils formation wlll be discussed.

(1) 1.J.C., Marling, A.M, Viljoen, 8.J. Strydom, L. Fouric and P.lL..

"lessels, ‘I'etrahedron, 1988, A4, 591-598.

S
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THE IRTRAMOLLCULAR PHOTOCYCLIZATION OF R={ (2~ BALOARYL~
AKYLIDYRIDINIUM AND N~ARYLALKYL=2-HALOPYRIDINIUR SALTS,

Yonp-Tae Park, Chang-llan Joo, Chung-bo Choi and Kap-Sik Kinm

Beparteent of Chesistry, Cotlepe of Sciences,

Ryungpook Nalional Univeristy, Tacpn 702-701, Rorea

Various  H-arylethyt-Z-halopyridiniua, d-arylacthyl=-2-hatopyridiniua, §-
Fe2=hlo=ary D ethyl pyridinmue and N=] {(Z~haloaryDecthytlpyeidiniun salts were
syathesized and Vheir photochearcal and photophysical propertics studied,  Upan
irtadiation the agqueons Lolutions of Heatylethyl-2-chiorapyeidiniua <alte and
Hoarviaethy -2 chioro pyridimuen walt are cyelised Vo pive asoquinoliue alt and
raodndolbiue aalt, recpedtively, In contreast 1o the preidinium aalts,  the
apeons golution of N-(2 hatobensy ) inoquinotive walt appear not to underpo
photooye Vizat fon, fn the photocyctizat jon of He (2 - Warolanayl) - -
chloropyreidiniug walt, pyerdol 2, 1=a)~4-chioroisoimdolive sall s forsed by the
cleavage of ehlorine mlon of pyridinive ripg,  This indicates that the exciled
poicly iy not the phenyl risg, bul Lhe pyridiniue ring. The triplet state of
Vhe pyeidiniun salts are anvolved ap the photocyelization, since owypen relards;
word of peaction,  Sowe aeantance of o x-aosples botween the excited chiforime
toiely of the catte and the phenyl plane of the zame solecule id required to
eapbaoin the moachivily of the salts, The reaclive pyeidintus salts have a low
fluoreacence quantus yield( ey < 0.01) and a hipgher teiplet encrpy(in D
Gabeat/Zenle)  Vhan Vhe wareme bave  quinobimue saft, The unrveacbivity  of
Varrinotiniun mall o can be wnderstood G relalion ta il hiph aorescew o

aantua e bd and B oe teiphet eperpy Uy GlkeatZuale),
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PHOTOCHEMICAL REACTIVITY OF 2,4,06-TRINITROPHENYL N-SUBSTITUTED
AMINO ACIDS AND PEPTIDES.

J.M.Frederiksen and N.Harrif:,
Universily of Copenhagen, Denmark.

The photochemistry of N-2,4-dinitrophenyl subslituled amino
acids have Lbeen subject Lo scveral 1nvesLigationsl—4), but only
a single short-communicciion has appearcd on the light-induced
reaclions af N-2,4,06-trinitrophenyl ('NP) amino acids and pep-
tides.s) According to this, 2,4,6~trinitroanilin (picramid) is
the main product when TNP-amino acids or TNP-dipeptides are
irradiated in dilute acid.

We have reinvestigated ihe photodegradation of a series of
TNP-amino acids (glycin, alanin, valin, leucin, disoleucin, phe-
nylalanin and 2~-amino-oclanoic acid) in weakly basic solution.
The products are identified as 2-nitroso-4,6-dinitroanilin (2),
carbondioxide and the aldehyde (4) with one carbon less than the
amino acid (sce scheme)., TNP-tryplophan is not pholoactive. By
irradialion of INP-dipeptides, ihe unsubstiituled aminoascid is

sel free.
NHCHRCOOH NH, NIl
oN i NO, o:N i NO . oM A N0
—hY ety K‘-(Eu + Cy; + RCIIO
T ol 4
NO, NO, 110,
1 L 1 1

Irradiation of N-2,4-diniirophenyl substituled aminocacids
does also lead to reduction of Lhe ortho~nitrogroup,1-4) but
light-sensilivity is higher in case of TNP-substitution. Theso
features make the TNP-group a polential light-removable protec-
tion group for solid phase peplide syntheses.

1) Russel, D.,W.: Biochem, J., 87 (1963) 1; J.Chem.Soc., 1963,
894; ibid., 1964, 2829.

2) Neadle, D.J. and Pollitit, R.J.: J.Chem.Soc.(C)., 1967, 17064;
ibid., 1969, 2127.

3) Meth-Cohn, 0.: Tetraedron Lett,, 1970, 1235.

4) MacFarlene, P,H, and D.W. Russel: Tetraedron Lett., 1971, 725
5.) Satake,K. and Okuyama,T.: Bull. Chem. Soc, Jap. 32 (1959) 526.
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Single-Photon Timing Datn Analysls of the Probe

Migration Kinetics in Micellar Systems

M.H. Gehlen, N. Boens and F,C. De Schryver
Chemistry Department K.U. Leuven

Celestiinenlaan 200F 3001 Leuven Belgium

Global analysis with the reference convolution method{1]) is applied
to study the effect of the probe migration on the fluorescence quenching in
micellar system, Analysis of synthetic single photon timing data based on a
multiexponential decay function to the probe migration kinetics({2] f{s used
to search the recovery of the model parameters and to test its model
testing capability. The results of such analysis clearly indicate that the
model parameter recovery can only be obtained under simultaneous analysis
of various decay curves. The simultaneous analysis of four or more decays
at diverse quencher concentrations including the monoexponential decay of
the probe in the absence of quencher is suggested as a standard procedure
to search this more complex kinetics involving the quenching of a probe in

micelles.

‘the applicability of this simultaneous annlyoeis le cextended to renl
experimental data obtained for the quenching of the probe sodium l-pyrene
sulfonate by the quencher N-tetradecylpyridinium chloride in aqueous
hexadecyltrimethylammonium chloride (CTAC) micelles, Values of the rate
constant of quenching and probe migration as well as the mean aggrepation
aumber  of  CTAC  ave determined as g functlon of  the suttnctant

concentration,
References

{1] N. Boens, A, Malliaris, M, Van der Auweraer, H. Luo and F.C, D¢
Schryver, Chem. Phys., 121(1988)73

(2) M.1i. Gehlen, M. Von der Auweraer, S. Reekmans, 4.G, Neumann and

F.C. De Schryver, J. Phys, Chem. (accepted)
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PHOTOOXYGENATION  CATALYTIQUE DU LECINEOLE  PAR
L'OXYGENE MOLECULAIRE CATALYSEE PAR (BuyN)y Wiy O,

J. ZAKREWSKI C. GIANNOTTI
Instiwt de Chimic des Substances Naturellles, CNRS, Gif-sur- Yveue cedex FRANCE.,

L'irradiation (A >280nm) de sclutions dans l'acétonitrile de 1,8 cindole 1 saturdes d'oxygeue
moléculaire et rontenant des quantités catalytiques de (BuyN)4 Wyp033 conduisent A
Poxygénation de ce produit naturet, ta CGL indique ta formation de quatre produits principaux.
Le rendement total de ces produits monooxygénés de 1 (voir plus loin) et 11 proportion n'ayant

pas réagi sont donnés dans ie tablean 1.

Tadie)
1 / ' ' MNowing e Nermsarrd To ned ot H
'\’5\/ N /3'\[’/ , Tunal o Zeamiertrascae seouent > ‘
e v y
[ASRZY \..../! /; \__.»‘) v a '
! ™y AT ! l " n
D ) ) )} ] “ 1

Comme on e voit, apres 2 hewes de photolyse une quantité rebativement grande des prochuits
monooxygénés de méme quune bonne correspondance du bitan de masse (949%) sont obtenus
Une photolyse prolongée conduit & une quantité de produits monooxygénés et i un bilan de
masse plus mauvais, certainement da & Ia fonmation du produit di-et polyoxydé (e méme eifet
2 é1¢ abservé dans la photooxygénatio 1 de Fadamiantane dans ces sysiémes,

Nous nous attendions & ce que la composition du méfange réactionne! peut-éure
considérablement simplifié si on oxyde tous les alcools seconduires en cétones
correspondantes.

En fait, nous avons trouvé que le traitement do mélange réactionnel avee un excés de
chiorochromate de pysidinium dans fe CHLCHy & tempéraure ambiante, conduit & [a disparition
de deux des quaties produoits oxygénds, tandis que b quantité dey deux produits testnt
sacctoit, Apiés ce taitement Fanalyse par CG L -MS, montre gue ces deux produnts sont des
dénvés monocdtoniques de 1 (m/e = 168). La propotion relative de ces produnts Stait de 2,5/
L'eapérience de contidle a montré que ces produits ne sont pas fotmds it pant de £ apies
isutment avee le ehlorochromate de pyridinium mais sculement par transformation d‘alcool
secomdaires formds dans 1 photooxydation des cétones correspondantes Nous avons pu isoler
une petite quantité de produits purs et nous avons trouvé que le composé majoritaire est fe
1,3, 3-triméthyl-2-oxabicyclo-] 2,22} octian-S-one 2 taudis que te composé maneur énut e 1,3,3

tnméthyl-2-oxabieyelof2 2.2} octane-6 one 3.
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PHOVFOOXYGENATION O1F 1L8-CINEOLE BY MOLECULAR OXYGEN CATALYSED
BY (BuglN)s WipQOsa,

1 ZAKRZEWSKE and C. GIANNQI'T]
Institut de Chinme des Substianees Noturelles, CNRS, Gifssut-Yvetie cedex FPRANCEE,

The inadianon (A>280mn) of oxypen-satnated solutions of 1,8 cincole Lin acctoninile
contaiting catalytic amount of (BudN}AWIG032 leads to oxygenation of this natural
product; the GLC showed Tormation of four principal products. The total yicld opt these
pioducts, assumed 1o be moncoxygenated detivatives of £ (see later) as well as the yield of
rccovered are given in the Table 1.

SUNUO U . . ST

) Fheutyny "% ol Revorered Ttk neld ol
'/"\{.; POy PLN //A Turne (B . e wornmas g AR ot | %]
v 7 R \ et | nms e, e e e mem mume s s e e e
J}j—-"l‘ l :-’»’ /I\ - ' “
* e ¥ ] ! " i
v ’ ) [ t “ 13

As is seen alter 2 s of photolysis aaclatively high yicld of monouxygenistion products
as well as a good wass balance (Y4%) was obtained. Mote protonged photolysis makes
mass bakance and total yickd ol moeno vxygena tion products woise, presumably as asesult
of the formation of di- and more oxygenated praducts ( the smue effect wis observed in
plotvoxygenation of adamantane by this system.

We expecied that composition of the teaction mixture may be considerably simplificd if
we oxidize all secondary alcohols formed to the corresponding ketones. In fact we have
found that treatment of the reaction mixiure with an excess of pytidinium chlotochromate in
CH2CI2 at r. t; 1esults in disappeatance of two from four oxygenation products, whereas the
amoant of two remaining products increases. Alter this treatment, GLC-MS analysis
showed that these two products are monoketo derivadives of 1 (im/e= 168). The ratio of these
products was 2.5:1, Control experiment has shown that these products are not formed from
1 upon the treatmient with pyridinium chlorochromate and only translotmation of secondary
alcohols formed in photooxygenation t contesponding hetones takes place, We have been
successful in isolation of small samples of pure compounds. We fuve found that the major
product was 1,3,3-rimethyl-2-oxabicyclo-{2.2.2joctan-5-One 2 wheicas the minor one was

the 1,3,3-uiméthyl-2-oxabicyclo 2.2.2Joctan-Gone 3

|
|
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ION FORMING PROCESSES UPON 248 nim LASER EXCITATION OF
BENZOPHENONE IN AQUEOUS SOLUTION

Hehnmute Ginner
Man~Planch=Institut hir Strahlenchenue, D-4330 Mutheim an der Rulu, Genmany
Fausto Blisei and Gianua Faviso

Dipattnento de Clumica, Universiit di Perugia, 1-06100, Peugia, laly

Beazophenone (B) under UV juadiation is known to undeigo ellicient isc
and the lowest ngc triplet stute is responsible tor most of ity phumchcmisuy(”\. We
have studicd B in agueous soluton by time=resolved absoiption and conductivity
eehniques, =1 anmhilition, being almost unavoidable upon pulsed 248 nm laser
excitution (especially at high intensiiy), is now aributed  pattly 10 an election

wansler reaction feading 10 the caion and amon tadicals,

oo W N A ()
Disproportionation (1) plus weactions (2) and (3)

B* o+ 1,0 - B-0ott nt 2)

I + ol - 1,0 %))

niy account lor the observed negative tansient conductivity signal in the 1-100 ps
ringe at phl 59,0 Jeis likely that seactuon (2) of ahe nadical cation with waier,
fornming the Ol-adduct tadical and ¥, is Caster than the 20 ns pulse widih.

A sceond ion forming process (4), leading, 10 B8 and hydrated clecuons,

1s photoionization as i consecutive two—photon process.

2 hy
+. -
B ey B + o )
Puthenmore,  secondiry  reactions  mvolving c:‘l and  the  protolylic
hetyl=-tadical/anion=adical equibibnium (5),
B + | I2() —-) ‘Bl + Ol 5
(—

PR, = 9.2, were obscived and we discussed.

(1) M. B, Ledger and G Panter, | Chem. Soc. Fasaday Trans, 1 08 (1972) 539,
D. M. Rayner and P A, L Wyan, J, Chem, Soe, Faraday Trans. 11 70 (1974) 945,
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PHOTOCHEMISIRY OF CbNJUGA'l'ED POLYACEUYLENES
[

Sang Chul Shim®, Sanp Jin Lee and Jang llyuk Kwon
Department of Chemistry, Korea Advanced Institute of Science & Technology

P.O. Box 150 Chcongyangri, Scoul 130-650, Korca

‘Ihe photoreaction of 1,4-diphenyl-1,3-butadiyne(DPB) with an eleetron  deficient
olefin, dimethyl fumarate(DMFu), yiclds 1:1 and 1:2 photoadducts, The 1:1 photoadduct
was produced by {2+2] photocycloaddition reaction of DPB with DMFu and the 12
photoadducts were produccd by the addition reaction of photo-rearranged intermediate
of I:1 adduct and DMFu. One of the 1:2 photoadducts possessed a cyclopropane and
an oxirane moictics and the other two cyclopropyl groups.

+
CH0,G

THEM,
€O.Clhy Ci10,C

Irradiation of DPB(4 mmol) with two unsymmetrical olefins, acrylonitrile, (AN) and
cihyl vinyl cther, (EVE), at 300 nm yiclds regiospecific 1:1 photoadducts(l and 2) and
1:2 photoadducts(3-6).

O==0 Du

“ he
v} =
“\OEI
1 two dlasteroomers(g, 4)
. on q s OFt
+ I - n
O-H=0| -\
ot OEt
b

cis (3) + trans(G)

Characterization of the photoproducts and a plausible reaction mechanism will be

discussed,




11.-35

PHOTOPHYSICAL PROPERTIES OF ACRIDINE ORANGE 1M REVERSLH
MICELLES OF DODECYL AMMONIUM PROPIONATE
Marle Josée Mart1®, Silvia M.B. Costa” and L.F. Vielra Ferreira

. Centro de Quimica Cstrulural

-.Centro de Quimlica Fislca Molecular

Complexo [, Institulo Superlor Técnico, 1096 Lisboa Cedex - PORTUGAL

Acridine Orange aggregates In water and fluorescence emission are

“'» Also, Lthe formatlon of dye

observed from both monomer and dimer
aggregates at premlcellar surfactant concentration has been
detected'?, llowever, In Dodecyl Ammonium Proplonate reversed micelles,
only monomers are observed In concentratlons ranglng from IO'G-S.IOQM
for acridine orange. The absorption and emission propertles are
strongly dependent on the waler content, and surfaclant concentraljon.
Indeed two  monomeric specles emitting at 480 nm and 530 nm arve
detected, their ratlo varylng in the range of w°=o-7. A well deflined
isosbestic point at 448 nm |s observed in the absorptlion spectra, In
Lhe same range. .

Fluorescence quantum yleld (Table 1) and lifetimes, us well as
time-resolved-spectra were determined for this system, In order to

evaluate the equillbrium of specles present.

QJOh) 448‘” 475b,

¢f ¢f ¢f
w:’=o 0.12 0.14 0.20
w;’=7 0.16 0.22 0.31
10 - - 0.16

Table 1 Fluorescence quantum ylelds at different excitallon wavelength

and water content. a) wo=(HZOl/lsurfactantl i b)Y Cxcltatlon wavelenpglh

The possibility of FORSTER energy transfer occuring between the two

forms will be dliscussed In order to explaln the data observed.

(1) M, J.Marti, L.F.Vieira Ferreira and $.M.B.Costa, Lo be published,
{(2) M.G. Newmann and M.Il. Gehlen - J.Collold.Interf.Scl., 135 (1990) 209,
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PHOTOINDUCED BELECTRON AND ENERGY TRANSFER REACTIONS IN
OIL-IN-GELATIN BXULSION FILXS
Philippa C. Bvans and Peter Douglas
Chenistry Department, University College of Swansea, Singleton Park,
Swansea, SA2 8PP (UK.

Photochemistry in heterogeneous systems has been an active area of
research for a number of years, However the oil-in-gelatin emulsion f{ilms
which are used extensively in photographic materials bave received relatively
1ittle attention.

Ve wish to report results from investigations of such systems involving
a) steady-ctate and laser flash photolysis room temperature emiseion studles
of ofl soluble, and water soluble lumophores, contained in emulsion filme a
few tens of micron thick composed of a gelatin matrix with a 0.5-9% (w/w) n-
dibutylphthalate oil pbase; and b) studies of the generation, mobility, and
reactions of singlet oxygen in swollen gelatin emulsions composed of 5% (w/w)
gelatin in water with a 0.5% (w/w) dibutylphthalate oil phase.

Emission Studies in Thin Films At low oil phase concentrations the
luminescence decay of the oil insoluble Ru(bipy)a®*, 1is non monoexponential.
However, the decay kinetics can be fitted to two components, one of which has
a lifetimes comparable to that of Ru(bipy)a2~ in degassed water, (610 ns)
while the other major component is significantly longer lived with 7 = 1.5 pe.
This lifetime decreases as the oil phase concentration is increased from 0.5
to 9%, perhaps as a result of the overall higher Oz concentration in oil rich
films. The paosphorescence lifetimes of two Pd*' porphyrins, one oil soluble,
one water soluble, have also been determined. For the water soluble Pd!!
porphyrin 1» was comparable to that in degassed water, as expected for a gel
phase of very low oxygen permeability. Surprisingly, the oil eolubla Pd**
porphyrin also showed a long lifetime, i{nconsistent with its location in the
oxygen rich oil pbase droplets., This may be due to complexation of a
fraction of the porphyrin by the gelatin matrix.

Singlaet Oxygen Studies The degree of phase separation and singlet
oxygen mobility in swollen gelatin emulsions has been probed by comparing
the rate of loss of an oil soluble '0x acceptor (rubrene) in the presence of
either an oil or water soluble photosensitiser. Preliminary studies indicate
that the rate of rubrene loss is « 6 X faster in the presence of the oil
soluble sensitiser, but rubrene lose 1s still significant #ith a water soluble

sensitiser, suggesting partial spatial separation of tbe reaction components.

AEebphaas
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ETUDE PHOTOPHYSIQUE DE COMPLEXES DU RUTHENIUM (Il) D'UNE QUATERPYRIDINE
" TWISTEE

Cdmond AMOUIYAL, Dring AZHARI
Laboratalre de Physlro~tChimie des Rayonnements

VIRA thy CNRS n* 75
331 450 ~ Unlversite Parls-Sud ~ 91405 ORSAY, France

dean=Marie LLHN, Raymond ZICSHLL
Institut s Bel, Universite Louls Pantegr

B7000 5 ERASBOURG, France

Les complexes bipyridiniques de métaux de transition, tels que [Rulbpy), 12* (bpy = 2,2
~bipyridine), sont trés étudiés en raison de leur intérét fondamental et appliqué. lis sont,
en effet, souvent utilisés pour initier des processus de transfert d'électron ou d'énergie
photoinduits. Mais 3 notre connaissance, les complexes quaterpyridiniques de métaux de
transition n'ont fait 'objet d'aucune étude photophysique.

Dans ce travail, on décrit les propriétés spectroscopiques et pholophysiques de deux nou-
veaux complexes de Ru(ll) d'une quaterpyridine {gpy) "twistée”, Fun est mononucléaire
(Rulbpy), (tmapy)32* et lautre dinucléaire { [Rulbpy), ], (tmqpyl** (tmapy = 5,5, 3",
5™=tetramethyl-2 ,2: 6',2" : 6", 2"'-quaterpyridine), Ces propriétés sont compardes A cel-
les du complexe (Rulbpy), (dmbpy)12* (dmbpy = 5,5' dimethyl-2,2'-bipyridine) qui peut 8tre
considéré comme le "monomeére” du complexe dinucléaire, En effet, le ligand qpy substitué
a été concu de maniére A ce que les deux groupements méthyls en position 5' et 3" impo-
sent une torsion 3 la molécule autour de la liaison C~C cenirale. Les deux sous-unités
dmbpy sont alors dans des plans perpendiculaires {conformation dite “twistée™), ce qui
favorise la formation de complexes dinucléaires, Les résultats montrent, en particulier, que
le déclin de fluorescence du complexe mononucléaire est bi-exponentiel avec une compo-
sante rapide et une composante plus lente. Cette dernitre a une durée de vie voisine de
celle du "monomére™ alors que la composante rapide a une durée de vie similaire A celle du
complexe dinuciéaire. Ce comportement suggére Fexistence de deux familles de conformé-
res dans le complexe mononucléaire A I'état excité.
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PHOTOPHYSICAL STUDY OF TWISTED QUATERPYRIDINE
COMPLEXES OF RUTHENIUM (i)

Cdmond AMOUYAL, Driss AZHARI

Laboratolre de Physlco~Chimle des Rayonnements
83t 350 - Université Paris-Sud -~ 91405 ORSAY, fFrrance

Jean~Marie LEHN, Raymond ZIESSEL

institut Le Bel, Vniversité Louls Pasteur.
G7000 STRASBOURG, France

Bipyridine complexes of transition metals, such as [Rulbpy),]2* (bpy = 2,2'-bipyridine),
have been extensively studied particularly because of their abllity to undergo photoinduced
electron or energy transfer processes, But, to our knowledge, no photophysical results
have been reported concerning quaterpyridine (qpy) complexes of transition metals,

In the present work, the spectroscopic and photophysical properties of a mononuclear
and a dinuclear Rulll) coniplex of a twisted quaterpyridine, [Ru(bpy)z((mqpy)]z" and
[[Ru(bpy) 2]2(tmqpy)]“' (tmqpy = 5, 5, 3, 5" ~tetramethyl-2,2' : 6°, 2" ; 6", 2" ~quater=-
pyridine) respectively, are described and compared with those of [Ru(bpy),{dmbpy)}?*
(dmbpy = 5,5'~dimethyi-2,2'-bipyridine) which can be considered as the "monomer” of the
dinuclear complex. Indeed, the substituted gpy ligand has been devised so that the presence
of two methyt groups at 6' and 2" position maintains the two dmbpy subunits of this ligand
in a twisted conformation around the central C-C bond, which favors the formation of
dinuclear complexes. The results show, in particular, that the fluorescence decay of the
mononuclear complex is biexponential with a short-lived and a long-lived component, The
long-lived component has a lifetime close to that of the "monomer” whereas the short-lived
component is similar to that of the dinuclear complex. This behaviour suggests the exis-
tence of two familios of conformers in the mononuclear complex excited state.
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Electroluminescence des ions de lerre rare trivalents (TR3+)

a linterface ZnO semiconducteur / H,O sous forte polarisation anodique

D. Keuyaté, J. C. Roniard-Haret et J. Kossanyi
C.N.R.S., 2-8 rue Henry Dunant, 94320 THIAIS (France)

Sous forle polarisation anodique {env. 10 V/ECS), des électrodes
d'oxyde de zinc polycristallin, dopé par des ions de terre rare trivalents
(TRS*), en contact avec un électrolyte aqueux, sont le siége d'une
émission lumineuse intense.

Les spectres de ces émissions lumineuses sont caractéristiques des
ions TR3+, et leur intensité suit la relation d'Alfrey-Taylor.

Un modéle d'interface ZnO/électroiyte aqueux sous forte polarisaticn
anodique est proposé:

des électrons provenant de la réduction d'un couple redox a linterface
Zn0O/H,0 sont injecttés par effet tunnel dans le semiconducteur & travers
la bande interdite. Ces électrons, accélérés par le champ électrique

intense régnant dans le semiconducteur, viennent exciter par impact les

ions TR3+ qui y sont insérés, en provoquant leur luminescence.

'Gn"“u..
Spectre de lon Sm3+

enregistré sur une électrode
ZnO:Sm3* (Sm/Zn =0.9 %) "
sous polarisation anodique
(9.88 V/ECS)
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Electroluminescence of rare earth trivalent ions (RE3+)

at the semiconducting-ZnO/Ho0 interface under anodic polarization

D. Kouyaté, J. C. Rontard-Haret and J. Kossanyi
C.N.R.S., 2-8 rue Henry Dunant, 94320 THIAIS (France)

Under anodic polarization (c.a. +10 V/SCE), polycrystalline zinc oxide

electrodes, doped with trivalent rare earth jons (RE3+), in contact wijth

aqueous electroiyte, show an intense light emission.
The spectra of this light emission is typical of the RE3+ jons, and ils

intensity foilow an Alfrey-Taylor-type relationship.
The following pattern fer the ZnOf/aqueous electrolyte interface under

anodic polarization is proposed:
électrons originating from the reduction of ZnO surface defects at the

ZnO/H»0O interface are injected through the gap, into the semiconductor by

a tunnelling process. These electrons, accelerated by the high electric field

in the electrode, can impact-excite the RE3+ 1o their upper states which

undergo intrinsic radiative deaclivalion process.

‘Gyre My,

Emission spectrum  of Sm3+ jon

recorded with an ZnO:Sm3+

(Sm/Zn =0.9 %) electrode
under anodic polarization at oz e
+9.88 V/SCE. \
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COMPUTER SIMULATIONS OF PIIOTOCATALYSIS ON POROUS
SUBSTRATES

Micha Tomkiewicz and H. Wang
Department of Physics, Brooklyn College of CUNY Brooklyn, N.Y. 11210.

Leonardo da Vinci claims in his "Notebooks” note No. 394 that “All the branches
of a tree at every stage of its height, when put together, are equal in thickness to the
trunk (below them)”. This statement is now being widely used as an early example of
order in ramified structures that can be characterized in terms of critical exponents such
as fractal dimension [1]. This is understood in terms of the simultanzous need to pass
nutrients from the roots to the leafs and expose the leaf area to sunlight. The issue can
be summarized in terms of power output optimization that requires a compromise
between at least two vastly different length scales in the morphology of the tree (cata-
lyst). If one regards the photosynthelic apparatus as the most important natural
manifestation of a photoclectrochemical system, da Vinci’s statement and its functional
interpretation provides the carlicst manifestation of the correlation between morphology
and aclivily in photoclectrochemical systems.

The issue of chemical reactions in restricted geometries is not new and there is
now a considerable experimental {2] and theoretical [3] activity in this area. The
possible correlations between morphologies of catalytic structures and fractals was
reviewed by Van Damme [4].

We will demonstrate some of these issues on a computer simulation of
photodegradation of organic aterials in  aqueous rnvironment on  porous
semiconductors. We will explore the scaling properties of such simulation and compare
kinetic models that apply for different operating conditions.

REFERENCES

1. B. Mandelbrot in "The Fractal Geometry of Nature®; W.H. Freeman, NY
(1982).,

2, See for example: N.J. Turro; Tetrahedron, 43, 1589 (1987).

3. See for example:
a. D. Avnir, O. Citri, D. Farin, M, Ottolenghi and A, Seri-Levy in
"Optimal Stroctures in Heterogencous Reaclion Systems”, P, 1. Plath cd.,
Springer-Verlag (1990).
b. K. Lindenberg, B.J. West and R, Kopelman; Phys, Rev, Lett., 60, 1777

(1988).,

4, H. Van Damme in  “"Photocatalysis - Fundamentals and Applications, Wiley-

Interscience, New York (1989), p. 175.
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PHOTOCATALYSIS BY POLYOXOMETALLATES
A. Hiskia and E. Papaconstantinou, Institute of Physical

Chemistry, NRSC Demokritos, 153-10 Athens, Greeco.

Polyoxometallates, among other things, are 1iedox catalysts, in a
variety of important industrial proceoaou(l) They function as: a.
Electron and/or hydrogen carriers, and b. oxygen carriers. The first
case addresses, mainly, homogeneous solution reactions, whereas, the
second case takes place, mostly, in heterogeneous media,

The oxygen to metal charge transfer (CT) band, responsible for the
photochemistry of these compounds, causes a charge separation (e + h*),
that results in oxidation by h* of a great variety of organic compounds,
and reduction of polyoxometallate according to the condensed schemea:

MM~ === *Mh-(e= + bt

2*M7"(e™ + h*) 4+ Heycion ——2u(P*1)- 4 Majco + 2t

Electrons accumulated on polyoxometallates may be delivered to H*
(evolution of Hy), or may be transferred to dioxygen, thus restoring the
polyoxometallate to its original form(2),

L S e LU S Y

P-4 1720, + 2t — 20" + 150

Key to the effective photocatalytic oxidation of various organic
compounds is the regeneration (reoxidation) of reduced polyoxometallate
by dioxygen. The nechanism of reoxidation by dioxygen is discussed for
a series of polyoxometallates. The results suggest the formation of a
polyoxometallate-dioxygen adduct prior to CT from polyoxometallate to

dioxygen,

(1) M. T. Pope, “Heteropoly and Isopoly Oxometallates”, Springer-
Verlag, Berlin, 1983.

(2) E. Papaconstantinou, chem. Soc. Rev., 1989, 18, 1-31.
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DYNAMIC ENERGY AND ELECTRON TRANSFER ON SURFACES
by D.J. McGarvey, S. McHugh and F. Wilkinson

Department of Chemistry, University of Technology,
Loughborough, Leicestershire, LEll 3TU, England.

Dynamic energy and electron transfer on solid surfaces
provides an insight to the behaviour of adsorbed molecules,
particularly regarding diffusional mobility.

We have been investigating several energy and electron
transfer systems adsorbed onto silica in order to acquire
information on adsorbate interactions with the surface.

Dynamic energy transfer on silica is observed, for example,
from Jeosin to anthracene. In this case it has been
established that anthracene is the mobile partner in the
quenching process.

Electron transfer studies have been less conclusive, however.
Excited state quenching by electron donors or acceptors is
observed although radical products have yet to be detected
possibly due to rapid back electron transfer. For example, we
have yet to observe the products of the electron transfer
betweer Janthracene and methyl viologen on silica, although
the triplet state of anthracene is gquenched efficiently. ' Data
for other energy/electron transfer systems will also be

presented.
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TEMPERATURE AND SOLVENT EFFECTS ON POLYSTYRENE CYCLIZATION

AT.Reis ¢ Sousad, CM.M.Pereira®, J.M.G.Martinho?, J.C.Andrél’, F.Barush and M.A Winnik¢

a) Centro de Quimica-Fisica Molecular da UUT L., Complexo [ - INIC, Instituto Superior Técnico, 1096 Lisbua
Codex, Portugal.

b) GRAPP; UAJZE du CNRS, ENSIC/INPL, 1 Rue Grandville, F-54001 Nancy, France,

c) Department of Cliemistry, University of Toronto, Toronto MSS 1A1, Canada,

The cyclization of a polystyrene chain ( My, =4500; My/M,, = 107 ) bhoth ends Tabelled with o pyrenyl
group ( structure 1) 0 0
(013, COCH,CHLICHCI, | (CI,CH), CIH,CILOCICIL ), o

» ° &

was studicd in lohiene, cyclopentane and cyclohexane al different temperatures, Upon clectronic excitation,
an intramoleeular excimer can be formed at the eacounter of both chisin ends, following the kinctic scheme

k
PYANPY PY pY)‘D

ka1
K
N A

PYANPY

The cyclizativn rate cocfficient (k ), the rate coelficient of excimer dissociation and ring opening process

(K .4) and the reciprocal of the excimer lifetime (& ) were obtained from the monomer and excimer lluorescence
decay curves(l), once known the monomee lifetime (1, = | 7k, from the decay of a ditute solution of a
polystyrene chain one cnd labelled.

From the Archenius plots of &, and & ., the activition energies £ and £ ., were caleulated. £ is close
10 £ ,(viscous flow activation cnergy) showing that the cyclization process is dilfusion influcnced.

The Arshienius plot of & ., for cyclohexane is not lincar. [However , Lwo straight lincs that intercepl cach
other al 399C, closc to the 8 temperature of polystyrenc in cyclohexane (34.59C), can be plotted through the
experimental poinls, A binding cnergy of the excimes (AL = £y = ) = 9.0 £ 1.0 Kealmol-? ) was abtained
irrespective of solvent if femperatures above the 8 temperature are considered in the Arrenbios plots of &,
The binding encrgy agrees with the published values for the intermolecular pyrenc excimer(2), showing that

the dissociation process is not strongly influcaced by the polymer chain,

(1) a - M. A. Winnik, Ace. Chem. Res. 18, 73 (1985); b - 3. M. G, Mastinho, M. 11, Martinho, M, A, Winnik
and G, Beinerl, Makromal. Cliem, Suppl. 15, 113 (1989).
(2) J. B. Birks, "Photophysics of Aramatic Molecules”, Wilcy, New York, 1970,
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PHOTOCHIMIE DE a-Dt- ET TRICETONES.

Jos¢ Catlos Netto-Fencita
Departamento de Quimica, Universidade Federal Rutal do Rio de Janeiro, laguai, RJ,
Brazil, 23851,
Véionigue Wintgens
Labotatoire des Minériaux Moléculaites, CNRS, ER241, Thiais, 94320, France
J.C. Scaiano
Steacie Institute for Molecular Sciences, NRC, Ottawa, KIAORG, Canada

Le compottement photochimique de quelques di-ct tri-cétones a été analysé par
difféientes techniques @ spectioscopic diabsorption et d'émission, irradiation continue et
photolyse laser.

L'irradiation d'une solution déaérée d'ucénaphienequinone (1) dans acétonitrile
(Ep= S52kcal/mol) conduit 3 F'observation d'un transitoire présentant un spectre
d'absorption avee des maxima d 330, 570 et 630 nm. Ce transitoire, attribué au triplet de
I, présente unc durée de vie <de 4,8 ps ct est inhibé par le cyclohexadidne-1,3 (kq =
2x10° M~'s") et le P-carottne (k= 11010 Mm-ish,

En présence de donncurs dhydrogdne, une diminution de Ja dwée de vie du triplet
de I est observée, du fait de fa1éaction rapide d'abstiaction d'hydrogéne par le carbonyle
excité, Des valews de kg oo L variant entre 6.2x10° Mgt (propanol-2) et 7.5x 10?
Mgl (p-méthoxyphénol) ont €ié obtenues. Lacéanthitnequinone (2) (E4= 42 keal/mol)

présente un comportement simitaite 3 celui de 1 une valeur de 2.3x10%M s g a6

obtenue pour ky oo, dans le cas du cyclohexadigne-1.4. Les dicétones 1 et 2 sont

photochimiquement stables sous inadiation prolongde.
Par conue, l'indancuione-1,2,3 (3) (Ey= 42 keal/mol ; T= 0.5 ps o Ll._T= 360 et
570 nm dans acétonitrile anhydie) donne ticu sous irradiation A une coupure en « suivic

par une décarbonylation lente. L'état tiipiet de 3 présente également une ieminquable
1éactivité vis &t vis des donnews d'hydiogene § pur exemple ky oo = 1.4x100M 15!

avec le cyclohexaditne- 1,4,
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PHOTOCHEMISTRY OF VICINAL DI- AND TRIKETONES.

José Carlos Netto-Ferreira
Departamento de Quimica, Universidade Federal Rural do Rio de Janeiro, Miguai, RJ,
Brazil, 23851.
Véronique Wintgens
Laboratoire des Matériaux Moléculaires, CNRS, ER241, Thiais, 94320, France
J.C. Scatano
Steacic Institute for Molecular Sciences, NRC, Ottawa, KIAORG, Canada

The photochemistry of some vicinal di- and trikctones was investigated combining
the techniques of steady state and laser flash photolysis with emission and absorption
spectroscopy.

liradiation of a degassed acetonitrile solution of acenaphthenequinone (1) (E= 52
kcal/mol) leads to the formation of a readily detectable transient with absorption at 330,
570 and 630 nin, This transient decays by a clean first order kinetics with a lifetime of
4.8 psand is qugnchcd by 1,3-cyclohexadicue (kq: 2x107 M"s'l) and B-carotene (kq=
1xi0'0 mls ),

In the piesence of typical hydrogen donors, a dramatic shortening of the triplet
lifetime for 1 is observed, consequence of the selatively fast hydrogen abstraction process

from the triplet of L. Values forky o ion ranging from 6.2x105 M5! (2-propanol)

10 7.5x10? M-ls*! (p-methoxyphenol) were obtained. Similar behavior was obscrved for
aceanthienequinone (2) (Ey=42 keal/mol). For this diketone, in benzenc, we obtained a

Ky absteaction = 2.3x106 m-ls°! using 1,4-cyclohexadiene as a hydrogen donor. Both of

these diketones ave photochemically stable even under irvadiation for a long term period.
On the other hand, 1,2,3-indanctrione (3) (Ey = 42 kealfmol § T, = 6.5 ps and
)‘T-T‘—‘ 360 and 570 nm in dry acctonitrile) reacts preferentially via an a-cleavage process

followed by u considerably slow loss of carbon monoxide. Similarly to L and 2, tiplet 3

shows remiuguable fast hydrogen abstraction constant in presence of 1,4-cyclohexadienc

_ 6 aq-leed
(kH-ubslmclion_ 1.4x10° M™s™).
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SOLVATOCHROMISM AND SOLVATOKINETIC BEHAVIOR OF CIS-TRANS
lSOM[RIZATION FOR MEROCYARINES IN MlC[LLAR AGGREGATES
c
Mahmoud H.Abdel-Kader, Shak1r T. Abdel-Hai‘m and Ulrich E, Steiner

a)College of Applied Sciences , Arabian Gulf University , Bahrain.
b)Faculty of Science, Tanta University ,Tanta, Egypt,

C)Fakultit fur Chemie, Universitt Konstanz, Konstanz , Germany.

Merocyanines of the stilbazolium betaine lype are charac-

terized by their exlreme negative solvatochromic effect, which permits
their use as sensitive probes of solvent polarity. We recently
rEDorteglihaL the first transition energy OL in different solvents of
varying polarity and the free activation enthalpy¢sG'of thermal cis-
trans isomerization for stilbazolium type merocyanines are linearly

correlated with each other and with Dimroth's solvent polarity para-

meter Eq
The present study investigates the relationship between the

solvatochromic and solvatokinetic behavior of cis-trans isomerization
of a simple merocyanine dye and its amphiphilic analogue in aqueous
and in reversed micelles og two differently charged detergents (CDBA
and AOT) ., The results show that there is a linear correlation bet-
ween Solvatochromic and soivatokinetic behavior in micellar systems,
However the free activation enthalpylSG‘in microemulsion systems is 34
- 5 k.cal. Jlower than the corresponding value obtained in homogeneous
solutions having the same value of spectroscopic polarity . The
resultls obtained offer further insight into the nature of the aqueous

microphase located in the interior of the inverled micellar systems.

A particularly interesting aspect of this study is the utili-
zation of two different, medium - dependent, functions in one mole-
cule, which serves as a structural probe Tor organized assemblies.

1) S.T. Abdel-Helim, M.H., Abdel-Kader and U.E. Steiner
J.Phys.Chem, 1988, 92,4324,
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ELECTRONIC ABSORPTION, FLUORESCENCE AND PHOSPHORESCENCE SPECTRA OF
SELECTED METHOXYNITRONAPHTHALENES-SOLVENT EFFECTS.

K. TAHA-BOUAMRI and J.J. AARON
Institut de Topologie et de Dynamique des Systémes de {'Université
Paris 7, associé au CNRS, 1, rue Guy de (a Brosse,
75005 PARIS (France).

€. PARKANYI, A, SAPPOK-STANG and C. BONIFACE
Department of Chemistry, Florida Atlantic University, P.0. Box 3091,
BOCA RATON, FL. 33431-0991 (U.S.A.).

The photohydrolysis of methoxynitronaphthalenes has been proposed as a
nodel for the mechanism of aromatic photosubstitutions (1), Because of our
interest in the photophysical properties of these compounds, we investigated
the room-temperature electronic absorption and fluorescence, and low-tempe~
rature phosphorescence spectra of several selected methoxy nitronaphthatencs.
The electronic absorption and fluorescence spectra were determined in va-~
rious solvents of different polarities (cvclohexane, dioxane, chloroform,
a2thylacetate, acetonitrile, OMSO, OMF, methanol, butanol, 2-propanol). The
variation of the Stokes shift with the solvent dielectric constant-refrac~
tive index term was studied. The solvatochromic method (Bakhshiev and
Chamma-Viallet equation) was used in an attempt of determining the diffe-
rences in the ground and first excited singlet state dipole moments of

these compounds.

(1) C. PARKANYI, Pure and Appl.Chem., 55 (1983) 331,
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KINETIC STUDY OF THk PHOTOISOMERIZAI1ON OF ACETOXY1SOPIPERITENONE.

S.A. NDIAYE and J.J. AARON
Institut de Topologie et de Dynamique des Systémes de l'Universiteé
Paris ¢, associé au CNRS, 1, rue Guy de la Brosse,
75005 PARIS (France).

The photoisomerization of carvone and the photolysis of carvone hydra-
zone derivatives have been studied recently, but several drawbacks prevent
their application to the photochemical storaage of l%ght energy (1,2). In
this work, we have investigated the direct and sensitized photoisomeriza-
tion reactions of acetoxyisopiperitinone (AIP) at room temperature (293K).

I

S
' ALP
A
0 /\Qom
&

Solvents of different polarities (cyclohexane, dioxane, alcohols, aceto-
nitrile) were used. The direct photoisomerization overall first-order rate
constants (k1) and quantum yields (¢p) were found to depend markedly of_1
the polarity of the solvent. k1 values ranged between 0.13 and 0.30 min
and ¢p values between 0.U6 and 0.11. The structure and yield of the photo-
products were elucidated by as chroratography-mass spectrometry. The kine-
tic of sensitized photoisomerjzation of AIP was studied, using acetophe~
none and benzophenone as photosensitizers. The existence of a triplet~
triplet energy transfer mechanism was demonstrated. The usefulness of

photoisomerization of AIP as a system for the photochemical storage of

light energy was evaluated.

(1) S.A. NDIAYt and J.J. AARON, J.Photochem. Photobiol. A: Chemistry 49
259-268 (1989).

(2) S.A. NDIAYE and J.J. AAROM, XI1Ith IUPAC Symposium on Photochemistry,
Coventry , England, July 1990,
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SUB-PICO AND NANOSECOND TRANSFER PROCESSES IN MIXED
"ELECTROSTATIC" PORPHYRIN-PHTHALOCYANINE DIMERS.
FROM THE LIQUID PHASE TO ORGANIZED MEDIA.

Thu-Hoa Tran-Thia,d, Jean-Frangois Lipskier2,d, Serge Palacinb, Serge
Gaspard¢, Daniel Houded, Claude Pépind, Emo Keszeid, Jean-Paul Jay-Gerind

Centre d'Etudes Nucléaires de Saclay, DRECAM/SCM, CEA/CNRS UA 331, 91191 Gif sur
Yvetie Cedex, France. a ; Lab, de Photophysique et de Photochimie, b: Lab, de Physico-chimie
de I'Etat Organique Solide.

¢ : Institut de Chimie des Substances Naturelles, CNRS, 91190 Gif sur Yvette , France,

d : Groupe CRM ¢n Sciences des Radiations et Dépt, de Médecine nucléaire et de radiobiologie,
CHUS de Sherbrooke, Sherbrooke, Québec, JIH5N4 Canada.

Abstract,

"Electrostatic” dimers can be easily obtained by pairing cationic for
anionic) porphyrins with anionic (or catlonic) phthalocyanines. The face-to-
face geometry resulting from the coulombic attraction of the charged
substituents and the donor-acceptor character of the complexe, induce a drastic
change of the optical absorption spectrum of these complexes in comparison
with that of a 1/1 mixture of the corresponding neutral monomers.

"8 \ (503
NT N

L sy

038

M=Cy!

o % M= allc

The optical and photophysical properties of two systems (see figure) are
investigated as functions of
- the nature of the donor-acceptor complexes
- the nature of the medium ( from liquid phase to organized media).
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PHOTOINDUCED ELECTRON WIRE PROPERTIES OF FACE TO FACE TRI
AND TETRAPORPHYRINS EMBEDDED IN ULTRATHIN MEMBRANES

Patrick Seta’, Elisabeth Bienvenue', Jean-Marc Janot’, Abdelaziz Lamrabte’,
Philippe Maillard™, Genevidve Miquel and Michel Momenteau”

" LPCSP URA 330, C.N.R.S., BP 5051, 34033 - Montpellier Cedex (France)
" Institut Curie, Section Biologique, Bat. 112, Centre Universitaire, 91405 - Orsay
(France)

The recent developments of supramolecular chemistry have emphasized the
interest of molecular assemblies for their future possible applications in molecular
electronics and more generally for signal processing.

For this purpose, supramolecular devices have to be designed by assembling
molecular components having various functions such as diodes, transistors..... and lin-
ked by elements such as electron wires (1). Towards this direction we report a study
of the electronic conduction of molecules showing this ability. Face to face free base
and metallated porphyrins were synthesized and incorporated into art.licial mem-
branes (planar lipid bilayers) separating two aqueous phasss containing an electron
acceptor and an electron donor respectively. Upon light absorption a transmembrane
electrical flux was recorded between two electrodes dipped in both aqueous redox
phases.

In order to propose a mechanistic schema, electrical data (photocurrents and pho-
topotentials) as well as spectroscopic data (absorption and fluorescence spectra) were
recorded and analysed. The problem of the orientation and location of the face to
face porphyrins inside the membrane is discussed on the basis of data obtained on
mixed chromophore-lipid surface monolayers, and of chromophore concentration
effects on both the amplitude of the photocurrents and the light energy saturation
levels,

The mechanism we suggest, involves an intramolecular electron transfer, foll-
lowing the photoinduced oxidization of the tetrapyrrole ring of the porphyrin facing
the oxidizing aqueous phase, Ion coupling due to the electrical polarization of the
membranes as the result of the light conversion process is shown to enhance the clec-
tric fluxes.

(1) Arrhienius T.S., Blanchard-Desse M., Dvolaitzky M., Lehn J.M,, Malthéte J.,
Proc, Natl, Acad. Sci. USA, (1986), 83, 5355.
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PROPRIETES PHOTOINDUITES DE Fll. MOLECULAIRE CONDUCTLEUR,
CONSTITUE DE TRI ET TETRAPORPHYRINES FACE-FACE INCORPOREES A
DES MEMBRANES ARTIFICIELLES ULTRAMINCES

Patrick Seta’, Elisabeth Bienvenue', Jean-Mare Janot’, Abdelaziz Lamrabte’,
Philippe Maillard™, Genevidve Miquel” et Michel Momentcau’
" LPCSP URA 330, C.N.R.S., BP 5051, 34033 - Montpellier Cedex (France)
" Institut Curie, Section Biologique, Bat 112, Centre Universitaire, 91405 - Orsay
(France)

Les récents développements de la chimic supramoléeulaire montrent un intérét
croissant pour les assemblages moléculaires en direction d’applications {utures dans le
domaine du traitement de l'information.

Cette ligne de recherche a conduit & concevoir diverses molécules qui représcn-
tent des éléments actifs ou passifs de circuits de I'électronique ; diodes, transistors...ct
des connecteurs de composants tels des fils moléculaires conducteurs “). En ce qui
concerne ['élaboration de ces éléments de conncction, nous préseatons une étude
photoélectrochimique de moléeules qui présentent cette propriété. Des porphyrines
face-face (forines bases libres ou métallées) ont été synthétisées et incorporées A des
membranes lipidiques bimoléculaires, interposées entre deux milicux aqueux, I'un
étant accepteur et l'autre donneur d'électron. Sous excitation lumineuse, un flux élec-
trique transmembranaire a pu &tre détecté entre deux électrodes plongées dans les
milicux agueux adjacents A la membrane,

Afin de proposer un mécanisime du transfert d'électron intramoléeulaire, des
photopotentiels et photocourants ont été mesurés. Les spectres d'absorption, d'excita-
tion et d'émissivn de fluorescence ont é1é enréyistrés en complément des mesurcs
électriques. Le probléme de la position et de {"orientation des chromophores dans [a
membranc sera discuté aux vues de résullats acquis avec des monocouches mixtes
lipide-chromophore, et sur les membrancs ultraminces (effet de concentration de por-
phyrines sur 'amplitude des photocouraits, et sur les valeurs des intensités lumincuses
de saturation).

Le mécanisme proposé est basé sur un déplacement intramoléeulaire d'électron
entre noyaux tétrapyrroles, déplucement qui résulte de la photooxydation des porphy-
rines A linterface aqueuse oxydaante. Le phénomeéne de couplage ions-électrons a été
mis en évidence : il contribue & une exaftation du {lux électrique membranaire,

(1) Archenius T.S., Blanchard-Desse M., Dvolaitzky M., Lehn J.M., Malthéte J.,
Proc, Natl. Acad. Sci. USA, (1986), 83, 5355.
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PHOTOPHYSICS AND PHOTOPOLYMERIZATION OF THIN SOLID
FILMS OF 14-DISTYRYLBENZENE AND 25-DISTYRYLPYRAZINE

R. Lege, H. Egelhaaf, D. Oelkrug
University of Tubingen, Auf der Morgenstelle 8,
7400 Tubingen, FRG

The photopolymerization, molecular arrangement, stability, electronic
structure and (photo)conductivity of thin solid films are investigated by
UV/VIS absorption, fluorescence , photoaction spectrescopy, and laser
light scattering. The organic materials 14-distyrylbenzene (DSB) and
25-distyry!pyrazine (DSP) are sublimed in high vacuum or deposited
from solution on the surface of a silicon wafer or of fused silica.

At submonolayer coverages, DSP is adsorbed as single molecules, with
weak interactions to the surface similar to DSP in an unpolar solution.
DSB molecules are only detected as aggregates down to the lowest
concentration observable. Samples with films a few monolayers thick
show red shifted absorption and fluorescence spectra. In these films
intermolecular interactions yield in state-splitting and exciton absorp-
tion and flucrescence bands of low energy.

Light scattering of the organic film increases with time as well as the
exciton absorption and the fluorescence intensity especially of DSB
films by about a decade., Microcrystals are formed on the surface by
rearrangement of the organic molecules, but the absorption threshold
is still shifted hypsochromic compared to polycrystalline samples of
the pure material. Scanning Electron Microscopy shows flat rhombic
microcrystals with ca. 0.5 ym length.

The photopolymerization in the solid state produces oligomers by ir-
radiation with the energy of the exciton absorption. The electronic
spectra of the oligomer are blue shifted compared to the spectra of the
educt. Irradiation with light of higher energy, which both the monomer
and oligomer absorb, yields the polymer. The polymerization rate is
determined and the reaction rate for irradiation with light of shorter
wavelenght is found to be faster than for irradiation with longer ones.
The stability of the DSP-film is improved and the photoconductivity is
strongly reduced by polymerization.
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PHOTOELECTRODECAPAGE DU SILICIUM DE TYPLE u.

A. Lagoubs, C. Lévy-Clément, M. Neumann-Spallart, M. Rodot, and R, lenne®

Laboratoire de Physique des Solides, CNRS, 1, place Aristide Briand,
F-92195 Mcudon CLDEX, France.
* adresse permanente: Materials Rescarch Department, ‘Ihe Weizmann Institute of

Scicnce, 76100 Rehovot, Isracl.

Uunce nouvelle technique de passivation des centres de recombinaison 4 la
surlace du silicium utilisé dans des jonctions de type solide/liquide ou Schotiky, est
presentée  Jans  cette  communication, Il s'agit  d'un  décapage par  voie
photoélectrochimique (photoélectrodécapage ou PED) qui correspond 2  une
photocorrosion controlée du Si cn milicu 5% 1IF sous polarisation anodique. il est
toujours cffectué aprés un traitement classique de décapage chimique du Si qui
inclut Patilisation de HF concentré,

Le traitement PLD modifie I topogiaphie de la surface du Si qui devient
rugucuse, matle ct plus sombre. Les analyses de microscopie & balayage montrent Ja
présence  de  nombreux  cratéres  microscopiques. Le  PED  modifie  aussi
considérablement les propriétés photoélectrochimiques en milicu $7% Il Le
potenticl de circuit ouvert est décalé de -0,25 V et un pholocourant important (>35
mA/em? sous éclairement extrapolé de 100 mW/cm’) est couramment observé, Un
rendement quantique externe de 80% est obtenu dans une large gamme spectra.~. Le
photocourant correspond principalement & Poxydation de 1™ ainsi que Je montrc la
formation d'iode A proximité de P'électrode. Alors que le Si decapé chimiquement csa
photocorrodé immédiatement en présence de 1, la stabilité du Si aprés traitement
PED est considerablement augmentee,

La vitesse de dépot chimique d'unc couche d'or sur Si & partir d'une solution
aurique  est augmentée aprés  PED.  La  réponse spectrale  des  diodes
Si(photoélectrodécapé)/Au est considérablement améliorée.

La surface rugucuse produite par PLD conduit 3 une diminution des peites
dues A la reflection de la lumiere, ‘Foutelois PelTet principal de ce traitement serait
de téduire la densité des états de surlace comme semble le montrer Paugimentation
du photopotenticl et les expériences de photoluminescence 3 2,8K.

Le photoélectrodécapage apparait &tre un traltement trés  prometteur pour le Si

multicristaliin,
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PHOTOELECTROETCIING OF n-SILICON

A. Lagoubi, C. Lévy-Clément, M, Neumann-Spaltart, M. Rodot, and R. Tenne'

Laboratoire de Physique des Solides, CNRS, I, place Aristide Briand,
F-92195 Mcudon CEDEX, France.
* permanent address: Materials Research Department, The Weizmaun Institute of

Science, 761C0 Rehovot, Isracl.

A new technique for the passivation of surface recombination centers in Si
based PEC's and Schottky junctions is presented in this communication,
Photoelectrochemical etching (PLCE) is a controlled photocorrosion of Si in diluted
HF solutions.

a-type Si was first chemically etched by alternate oxidation of Si and
dissolution of Si-oxide films formed, PECE was carricd out in 5% HF under reverse
bias. After PECE the Si surface became less shiny and dutker, the surface roughness
increasing with the charge passed. SEM analysis shows the presence of etch pits.

The (photo)r ‘crent-potential curves of n-Si (Np = 10'8/cm®) in 57% 111 exhibit
a small anodic ¢. ¢ current for the chemically etched Si which disappears after
photoetching and a photocurrent onset at -0.2 V vs, SCE. The PECE treatment
dramatically affects the i-E curve: the onset potential is shifted by -0.25 V and a
high photocurrent (> 35 mA/em? when extrapolated to 100 mW/em?) is observed.
The charge passed across the interface corresponds mainly to the oxidation of 17, as
indicated by the darkening of the sotution in the vicinity of the electrode. The initial
plateau current decreased by only 5% after 45 min, This is in contrast with previous
observations of strong photocorrosion of illuminated n-Si/aqueous electrolyte
junctions, even in concentrated 111, Chemically etched n-8i exhibits external
quantum cfficiencies of 60% in 57% 111, while for PLCE-Si quantum efficiencies
reach 80% over a broad spectial range,

Electroless deposition of Au on n-Si (N, = 10'8/cm?®) after chemical etehing
leads to an enhanced raie of electroless Au plating and improved spectral response of
the so formed Schotiky junctions.

The rough surface produced by the PECE process minimizes reflection losses.
However, the main effect of this treatiment is to reduce the density of surface states
as indicated by the shift of -0.25 V of the onset potential of the photocurrent, and
also by photoluminescence measurements PECE scems to be promising also for the

treatment of polycrystatline Si.
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Sur 1a formation d'un exciprlexe comme intermédiaire possible
dans un Lransfert électronigue photo-induit.

J. POULIQUEN, L. ATMANI, J. KOSSANYI, V. WINTGENS
CNRS, Lahoratoire des Matériaux Moléculaires
2 rue Henry Dunani, 94320 Thiais, France
H. GOERNER
Max Pianck Instilul fur Strahienchemie
3 SLiftsir. D=4330 Mutheim ad Ruhre, RFA

Nous avons montré que la fluorescence des N,M'diacy)
indigo est inhibée par les donneurs et accepteurs d'électrons,
dans les solvants polaires, selon un mécanisme de type
transfert d'électron. Dans 1es solvanis apolaires (PhMe, Phil)
18 fluorescence esl aussi inhibée mais e mécamsme dépend du
potentiel d'oxydation du donneur Eo°*. Si Eo°o* > 0,8V 1la
constante d'inhibition kaf varie de la fagon suivante:

kafF dépend de 1a longueur d'onde et diminue pour les
agrandes longueurs d'onde; cet effet est d'autant plus marqueé
que Lp°x esl éleve

kaf croit lorsaue l1a lempéralure décroit.
Ces effets ne sonl pas observés dans les solvanls polairces
(MeCN) ou dans les solvants apolaires si Ee°* <0,5V,

Ces résultals peuvent s'expliquer par 13 formation
réversible el exeryguniaue d'un excipiexe selon le schéma:

ko; . M+ D
M = v, —G
K ox M: 4 D!

L'emission de 1'exciplexe n'est  observablie direclement car
elle est faible el recouverte par 1'émission du monomeére.
L'etude de kaF en foncltion de la Lempérature, entre 250 el
330K et en supposant que dans ce domaine Keax > kKa. pormel
d'estimer AGax? el de le comparer d AGe @ comme 1'indiaue le
tableau ci-dessous pour le N,N'dibenzoylindigo,

3] Eox V) AGo12teV) AGax" (0V)
Phistll 0.8 -72.1 ~1.06
1, 7dimehoxybenzenel oabh AN -0.,7

Plis [pox est éleve Plus 1'exciplexe ust faverise
comparalivement au  lrinsferl d'éleclron,  Doans les  solvants
arolaires 'hypolhése du Lraonsfert d'étectrun repose
essenticllement sur 1a mise en évidence d'esplces
paramaonét iaues analogurs  aux  radicaux  anions  des  dérivos
dtindigo Mv. Hous soggérons aue la formaltion de 1'exciplexe
permette e  transfert d'éleclron lorsaue  1échange  direct
s'avere Lhermodynamiquement défavorise,
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On the Exciplexe Roule in Lhe Electron Transfer
between N,N*' diacylindigo derivatives and Electron Donors

J. POULIQUEN, L. ATMANI, J. KOSSANYI, V., WINTGENS
CNRS, Laboratoire des Matériaux Moléculaires
2 rue Henry Dunant, 94320 Thiais, France
H. GOERNER
Max Planck Institut fur Strahlenchemie
34 Stiftstr. D-4330 Multheim ad Ruhr, RFA

We have shown that the fluorescence of the N,N'
diacylindigos 1{s auenched by eleclron donor or acceptor in
polar solvent via an electron transfer perocess. In apolar
soivent (Phti, PhMe) the fluorescence is also quenched but the
mechanism depends on the oxydation potential of the donor
Coo=. If Epex > 0.8V the fluorescence auenching rate constant
ka® changes as follows:

ke depends on the wavelength and decreases at 1long
wavelength; this effect becomes more important as Ep®* grows.
iowering the temperature increases kaf.
These effects are nol obsrved in polar solvent (MeCN) or in
apolar solvent with donor having Epox < 0.5V

These results can be understood on the basis of an
exciplexe, the formation of which is reversible and exergonic.

k M+ D
MY+ D = T(M...0)% --
k,, M + D~

The exciplexe cmission occurs on the red side of of the
monomer's one, is very weak and conseauently is not direclly
detectable, From the sludy of Logka versus Llhe lemperature and
assuming thal in the temperalure range 250-330K K-ox>>kKa
0304 can be estimated and compared Lo O0G%e. The higher Lpox
the more favored is the exciplexe formation compared to the
electron transfer as shown below for NN'dibenzoylindigo.

D | Eo® (V)  AGecO(eV) AGo.OleV)
PhaN 0.8 ~-7.1 -1.6
1,2dimelhoxybenzenel 1.45 +0.6 -0.2

In  non  polar  solvent the eleciron transfer
hypothesis is substantiated by the delection of a paramagnetlic
species which is believed o to be the radical anion of the
indigo derivative M7, Thus we suggest thal the exciplex
formation can provide an alternative mechanism for (he
electron transfer when the direct route is thermodynamically
disfavored.
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PHOTOCHEMICAL FORMATION OF [Re{bpy){(CO)..|P(OEL)s}.]+
AND PHOTOSENSITIZED CO» REDUCTION
Chyongjin Pacl and Osamu lshitani§

+ Kawamura Ingstitute of chemical Research, Sakado, Sakura,

Chiba 285 (Japan) and § National Institute of Polution and
Resources, Onokawa, Tsukuba, Ibaraki 305 (Japan)

The photoredox chemistry of [Jac-Re(L)(CO)IX]* = © (L = divmine
ligand; X = neutral or anionic monodentate ligand) 1n the presence of an
aliphatic tertiary amine is of interesl associated with a variety of
photosensitized reactions, which are thought to proceed through the loss of
X or CO following electron transfer from an amine to the luminescent state
of the Re(l) complexes.' However, 1little has Dleen reported on the
electron transfer photosubstitution of a CO ligand.

In the present investigation, we have found that visible-light
irradiation of [fac-Re(bpy)}{(C0)iBr] and P(OEt)} in the presence of tri-
ethylamine results in the double substituion of both Br and CO ligands to
give [Re(bpy)(CO)2{P(OEL)I}2}*Br (1) in - 90% yield alonyg with 0.6 - 0.8
equivalent CO in a variety ot solvents. On the other hand, no other
substituted Re(l) product such as mono-substituted compounds was not
detected at all. The quantum yields for the formation of 1 at 405 nm are
0.7t for a degassed acetomitrile solutyon dand 5.3 10 ® for a degassed
tetrahydrofuran solution.

The product 1 reveals a relatively strony emissyon at G603 nim with a
fairly long Vifetime (223 ns) in acetonmitrile. The luminescence of 1 s
not quenched by triethylamine but significantly by 1-benzyl-t,4-dihydro-
nicotinamide (BNAH), a typical NADH model, at 6.8 10" M 's ',  The reduc-
tion of CC? to CO is pholocatalyzed by [Re(bpy)(CO)2{P{OEL)3}Z) X {X = BF4,
PF6, C104, and BPh) in the presence of both BNAH and triethylamine, but not
at all by 1. Photocatalytic activities of the bis-phosphito complexes

will be discussed.

1) C. Pac, S§. Kaseda, K. Ismii, S. Yanagida, and 0. Ishitani in Photo-
chemieal Processes in Organtzed Molecular Systems, K. llonda, Ed.,
Llsevier, Amsterdam, 1991, pp. 177-1486.
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PULSED LASER PHOTOCHEMISTRY O PENTANAL AT 355 NM

P. PAQUET, R. FELLOUS

Laboratoire de Chimie des Ardmes, Université de Nice - Sophia-Antipolis
06034 Nice Cedex, France .

and

R. STRINGAT, G. FABRE

Laboratoire d'Optique Atomique ct Moléculaite, Université de Nice - Sophia-Antipolis
06034 Nice Cedex, France

ABSTRACT

We perform a comparative study of the pentanal reactivity upon the irradiation with a
continuous wave laser and a pulscd one at wavelengths around 350 nm,

The results obtained are qualitatively and quantitatively different. With the CW laser
anc observes the 8 products classically obtained with a lamp at 313 am. With the pulsed laser
two only of these species are present (« dione and & ketol); the quantum yield for these two
products is much higher and is an increasing function of the intensity (in the field
explored 0.1 MW, cm2 - 4,2 MW.cnv2), It should be underline that concomitantly the
absorbance is much higher than that expected for a Sp — S transittion and, moreover, is an
increasing function of intensity. These results are compatible with a two-photon excitation

process.
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Laser Absorption Spectroscopy of Excimer Laser Ablation Process

R.Mitzner, A.Rosenfeld, R.Konig

Central Institute of Optics and Spectroscopy
Rudower Chaussee 5, O-1199 Berlin, FRG

Imponant informations of the mechanism of ablation pro-.esses and of following reactions in
the gascous phase have been obtained by the analysis «t the plasma plume. The methods are
emission spectroscopy and mass spectroscopy. But these established methods obtain certain
limitations conceming the quantitative time resolved detection of the ablated species like
atoms, molecules, ious or molecular fragments or relating to the experimentat expense.

In this work it is reported on the absorption spectroscopic analysis of plasma plumes produced
by KrF-laser ablation of ceramic material. The measurements have been made with a
spectroscopic arrangement by use of a broadband ns-dye laser.

Some time resolved absorption spectra arc shown in Fig.1. The extreme line broadenings of
the different jon- and atomic states at short time delays ace hints of the high temperatures and
high pressures during the ablation process. The density of the atoms and ions inside the
spectroscopic channel have been detenmined and discussed in dependence of the time delay
and of the distance to the surface of the target.

With this investigations we demonstrated the practical usc of the time resolved absorption
spectroscopy to get more informations of the ablation process. Of speciall importance is the
possibility of the direct time resolved particle detenmination very near at the interaction area
without influence of the environment.

By this the time resolved absorption method is very well qualified to investigate the actual
ablation, of the origin of the plasma plume duriug the laser pulse and shortly after that.
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Optical Emission Spectroscopy of Excimer
Laser Ablation Process at Ceramic Material

P. Taubert, R. Kionig

Central Institute of Optics and Spectroscopy
Rudower Chaussee 5, O-1199 Berlin, FRG

Processing of ceramic material by excimer laser ablation is a state-of-the-art methode in
science and technology. Despite of that, the basic ablation process and its dependence on
radiation and surroundings parameters are understood insufficicntly.

We carricd out ablation experiments with intense radiation of XeCl and KrF excimer lasers.
Time resolved fluorescence measurements with spectral resolution < 1 A in different regions
of the ablated plasma cloud allowed us to get informations about produced intermediates,
ropulation of excited states in the plume and about the interaction of radiation with the
sample material.

The basic emission phenomena after imadiating a piece of MgO-ceramic with a 20 ns XeCl
laser pulse of 10 J/cm? are demonstrated in the figure:

Time Dependence of Fluorescence Signals
Mg0~Ceromic in Air
Scottered Excitolion Putse (308 nm) (1%08.1/2::':7)20 ns,

Brood-8ond (Thermal) Emission
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] \‘,\ eg. Sil (21242 nm)
4 Y /
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4 l \\\
kar\\_‘
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0 500 1000 1500 2000 2500
Time/ns

Starting some nanoseconds after the laser pulse, a very structureless spectrum .ith nearly a
thermal energy distribution is emitted from a region some micrometers above the interaction
area on the surface. We attribute these emissions to a rather highly excited plastiia state, Some
10 ns later, we observed a strong decrease of this thermal radiation in favour of rising discrete
emissions that can be cxplained by plasma recombinatin processes. In air, their peaking can
be found after some 100 ns.

Further experiments will allow us to discuss as well the influence of irradiating wavelength
and power as different environment conditions on the optical phenomena of the plume,
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EVANESCENT WAVE-INDUCED FLUORESCENCE OF POLYMERS
David Phillips, Garry Rumbles, Alan J. Brown, Ben Crystall an_d Trevor Smith.

Department of Chemistry, Imperial College, London SW7 2AZ, UK.

Evanescent wave induced fluorescence spectroscopy and time-correlated single-photon
counting have been combined to provide a method of studying the fluorescence decay profiles
of fluorophores at a solid/solution interface. Using these techniques the photophysical
properties of tetrasulphonated aluminium phthalocyanine (A1S,Pc) in methanol and water
solution have been studied at fused silica interface. In a poor solvent, such as methanol,
AlS,Pc is shown to form an adsorbed monolayer on the fused silica surface and exhibit a
fluorescence decay profile that deviates from the simple, first-order, single-exponential kinetics
of the bulk solution. By changing the solvent to water, which is a good solvent for AlS Pc,
the surface/bulk differences are not observed. ‘

The ability of time-resolved fluorescence spectroscopy to distinguish between concentration
and quantum-yield effects on evanescent wave induced fluorescence intensity, is clearly
demonstrated.

The technique has been used to investigate interactions between synthetic polymers in
solution and surfaces.

When a disordered "Y' form of a soluble poly(diacetylene) poly-4BCMU encounters a
fused silica surface, a time-dependent chromism occurs, where an ordered R form of the
polymer rapidly forms and then decays away. Afier =4 hours equilibrium is reached and the
fluorescence from the surface is seen to be enhanced by a factor 4C over the identical
spectroscopic species in free solution. This enhancement can be attributed to a restricied
molecular motion reducing the non-radiative deactivation pathway, and hence increasing both
the fluorescence quantum yield and lifetime.

These results indicate that the preparation of thin films, for optical waveguiding, may have
anomalous guiding properties as a result of the ordering effect at the surface, This effect has

been observed previously in thin films of poly-9BCMU prepared by the dip-coating technique.
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Change in Surface Chemical Structure of Polyethersulphone

by Excimer Laser Irradiation

Shun'ichi Sugimoto, Shunichi Kawanishi, Yuichi Shimizu,

Nobutake Suzuki, Kazuvaki Ohnishi’ and Sigeyoshi Arai.
Osaka Laboratory for Radiation Chemistry
Japan Atomic Energy Research Institute
25-1 Miji~minami machi, Neyagawa, Osaka $72, Japan
* Kyoto Institute of Technology, Department of Chemistry and
Materials'Technology, Matsugasaki Sakyoku, Kyoto 606, Japan

The change in surface chemical structure of polyethersulphone [yss,
+O Soi-O-O)-ﬁ) induced by excimer laser irradiation in vacuum and in air
hare been studied by X-ray photoelectron spectroscopy(XPS) and Fourier
transform infrared spectroscopy(FTIR).

After the PES film(100 pm) vashed with supersonic waves in ethsnol was
irradiated with ArF laser(193 nm, 260 mJ/pulse) at 10-7Pa, the change in
surface chemical structure of the PES film was measured by XPS(Shimadzu
ESCA 850S). Both oxygen 1s XPS peak(533 eV) and sulphur 2p XPS peak(170
eV) assigned to sulfonyl group were decreased remarkably after irradiation.
On the other hand, a new sulphur 2p XPS peak(164 eV} assigned to sulfide
was appeared and was increased with irradiation time. Oxygen ls XPS Peak
(535 eV) assigned to ether bond was little affected by ArF-laser irradi-
ation. In addition, it was found from mass analysis of gas evolved from
PES by ArF-laser irradiation that oxygen was generated mainly with small
amounts of sulphur oxide and sulphur dioxide gases. These results indicate
that sulfonyl structure of PES was decomposed selectively with ArF-laser
irradiation and oxygen was released from sulfonyl groupl). Similar change
in XPS spectra was observed by KrF-laser irradjiation({248 nm, 450 mJ/pulse)
of PES. The irradiation effect induced by ArF laser was larger thaa that
by KrF laser. These results were compaired with that irradiated in air,
When PES film irradiated with ArF laser in vacuum was exposed to ammonia
gas, it was found that nitrogen atom was introduced onto surface of PES,

i} H. Niino, M. Nakano, S. Nagano, A. Yabe and T. Miki, Appl. Phys. Lett.,
55, 510(1989).
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SENSITIZATION OF PHOTOPOLYMERIZATION PROCESS BY EXCITATION
ENERGY TRANSPER

B, Polacka, 2. Polacki”

Department of Fhysics, Uaiversity of Gdendsk, Poland

’

“Department of Physics, Technical University of Gdaisk

During transformation of monomers into polymers ( in moss
polymerization ) the efficiency of photoluminescence, radio-
luninescence and excitation energy itransfer chang This wos
explzined differently by virious euthors(1"3).

In this paper, we investigated the influence of several
nonomers (o*"reﬁe, -nethyl styrene, methyl methacrylzie en
buthyl methacrylate ) on the guantum yield of luninescence of
some sromitic hydroczrbons ( benzene, toluene, p-xylene, &ni-
sole ). The obtzined results indiczte that the polymerizuble
compounds act as quenchers. It means that the excitation en-
ergr of solvents is transferred to monomers and thus intensi-
fies the efficiency of photopolymerization process in  solu-
tions. .loreover, our investigations owr that the sencitizing
of photovolymerization by excitation energy traonsfer from

solvents is more distinct for weakly absorbing monomers.

(1) R.0. Loufty, J. Polym. Sci., Polym. Phys. Ed., 20 (1932)
825.

(2) M. Grodel, Z. Polacki, 2. Maturforsch., 27a (1972) 713.

(3) 2. Polacki, J. Radioenal, MNucl. Chem., Letters, 95 (1985)
185.
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COHDUCTIVE ORGANIC THIN FILMS AND MEMBRANES
THEIR SCIENTIFIC FOUNDATIONS AND INDUSTRIAL APPLICATIONS (part 34 )

Sardar Khan Bahador
B & A research ascheme for advanced energy materials and systems
Bahador research room at Kumano-ryo, Block B room ¢ 31l
Department of industrial chemistry, Faculty of engineerimg, Kyoto university
P.0. Box 51, Sakyo Kyoto 606 JAPAN

The significance of organic conjugated and nonconjugated electroactive po-
lymers in science and industry, such as solar radiant energy conversion and
storage systems, various type of batteries primarily lithium cells, sensors,
microelectronics, corrosion controling processes and the like are well estab-
lished concepts. AlL the vast application choices require a deeep understand-
ing of their physicochemical properties, primarily investigations steming from
the well known theoretical methods such as extended ilickel, valence effective
lamiltonian, ab initio calculations etec with respect to design, preparation &
processesing of the products which has become an essential issue. Eventhough
beoad interest is focused on the concept of electrical conductivity and the
associated problems in conducting polymers, however, the fuundamental mechanism
by which electricity transports in such systems is still far from clear. This

uncertainty even spans the application of models which are applicable to fnor-
ganic semiconductors or their corresponding conductors. By taking into account
the concept of solitons and polarons as the major carriers, the one dimensiona-
lity behavior of conductive conjugated polymers, as compared with three dimen-
sionally bonded usual semiconductors, alters strongly the behaviors of charges
added to the macromolecule backbone, i.e, local reorganization in the electron
bonding nearby the added charges on the polymer ‘chain. fonjugated and non-con-
jugated conductive polymers can usually be excited by chemical- & photochemi-
cal doping as well as by charge injection into the space charge of surface rep-
ions, The spectral sensitization of the macromolecules can be realized ewploy-
ing specific dyea., Based on these aspects, several photo- & electrically con-
ducting polymers have been prepared by chemical, electrocliemical and plasma as-
sisted techniques, characterized well, and their applications primarily in so-
lar cells and lithium bhatteries tested., The laboratory scale miniature PEC &
PVC were fabricated and the operational parameters under optimum conditions are
monitored, The results are promissing and computer simulations axe carried out.
In certain cases, polymeric thin fiims were utilized in the form of chemically
modified electrodes, As the substrates, 1TO, 1102, S102, Sn02, PbO2, Mn02,....
and as the sensitizers, MB, Th, RhB & ... were tested.All these steps were ta-
ken inorder to catalyze the fuel production and to,evaluate the whole cell pa-
rometers. Recent advances in outdoor application of polymers in solar energy con-
version sysatems, commercialization of such devices, requirements for finding
proper redox couples.... are tha main motivations for investigating various fea-
tures of the polymer bulk, the mechanism of electrical conductivity (on the bas-
es of Marcus-Dogodnaze-Hulliken-Gerischer theories) and charge transfer proceses
as well as the elegctrode & electrolyte properties., In this paper, my new find-
ings with respect to the afore-mention'd concepts~criteria- & problems will be
reported, ,
POSTWORDS: The author &s a victim is fully responsible for the entire financio-~
scientific aspects of th~ work in this series since 1379.
REFERENCES: 1UPAC," Chem.Int., 10(3,5), 85, 170 (1988); for a short biography.
S.K. Bahador,'Makromolekulare Chemie / Macromolec. Symp; 37, 129 (1990).
S.X. Bahador, ‘Technical Digest,P,475, Ed. W. Matsunami, Showado Publ. Comp. Kyo-

to, 1990, Japaa.

$.K. Bshador,"Reactive Polymers’, in press.
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PHOTOSENSITIVE CHEMICALLY MODIFIED ELECTRODES ON THE BASIS
OF FLUOROCARJBON POLYMERIC MEMBRANE MF-4SK

Gulina A.Shagisultanova, Alexander M.Tisonov,
Alexandor M.Tilse
Statoe Pedugogical University of Russia after A.I.Hortzen
191186, Russia, Leningrad, n.r.Moyki 40.Sldg. 13.

Photogoalvanic colls oare the .dovices for conversion of
solur energy to electric or chomical., Prosentod report is
dealing with usage chemicnlly modified olectrodes (CME)in
photogalvanic dovices. This leads to deocrease of rengent's
outluy and to lowering of mass ond sizes of cells,
Photogulvonic systoms on the boasis of known sonsitizers au
thionino und [Ru(blpy)alz‘ ond quunchers- Fo{ll) und
[PLCIGIZ- ions relativoly, impreognated to solid polymeric
oloctrolyte MF-4SK" aro discuused,

~ Electrochomicnl behavior of thionine in MF-4SK
membrane wans studied, and it was shown that redox pair
thionine/leucothionine works reversibly in it, Charge
diffusion coefficient for thionine in membrane was
determined and its value pointy at diffusion mechanism of
charge Lransport in membraone.

~ Electropolymerization of thionine in MF-4SK matrix
wus studied, and moin khinetic laws of this process and
electrochemicnl chnractoristics of polythionino in mombra-
ne were delermined.

~ Photosensitive CME on the basis of polythionine and
Fe(ll) ions ns quenchor in MF-48K is diccussed. The influ-
ence of pholoexcilation on the potentinl of such olectrode
was studiod.

- Photosensitive CME on the basis of [Ru(bipy),)®",
impregnated in solid polymeric celectrolyte MF-4SK is re-
poriéd.

- Quasi-solid phaso photogalvanic cells for light
energy conversion on the basis of discussod CMEs wodifiod

eloctrodes woro suggested und studied.

*MF-4SK - annlogues to Nafion (lrade mork of Du Pont)
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SPECTROSCOPY AND PIIOTOCIEMISTRY OF NITROGEN DIOXIDE
AN AB-INITIO MRD-CI STUDY

Carolina Godoy and Gabriel J. Vézquez
Instituto de Ffsica, UNAM
Laboratorio Cuernavaca
AP-139 B, 02191 Morelos
MEXICO

Ab-initio MRD-CI electronic structure calculations have been carried out on NO;.
An extended basis set of DZ -+ POL quality augmented with s- and p-type Rydberg
functions has been employed, together with an extensive treatment of electron correlation.
Cuts of the potential energy surfaces along the 0-N-0 bending and ON-0 stretching co-
ordinates are reported for the lowest ten doublet (574’,57A4") and six quartet (3¢A’,344")
states, Dipole moment functions and transition moment properties were computed, The
present ab-initio study provides a consideublg amount of new information on the excited

states which is employed to discuss key aspects of the spectroscopy and photochemistry of

NOj. The following Lopics, among others, are addressed: the visible and UV absorption _

spectrum and photodissociation, the "anomalous® radiative lifetime and the air-afterglow
chemiluminescence, The computed vertical ionization potentials are compared with the

available experimental data,
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PIIOTOPUYSICS AND PHOTOCHEMISTRY OF NYDROXX- AND
METHOXYDENZENES COMPLEXED TO CYCLODEXTRINS

Gottfriad Grabnax, Gottfriod Kohlaer
Institut fir Theoratische Chemie und Strahlenchemio der
Universitiit, Vienna, Austria

gandra Montl

Istituto di Fotochimica e Nadiazioni d’Alta Energia- CNR, lologna, Italy

Photophysical and photochemical propertias of phenols are strongly
dependont on solvent env&xonmentl'z. flo have now studled by fluorascence
and translent absorption spectroscopy, the Iinfluence of the incluslon of'
hydroxy- and methoxybsnzenas Into tho hydrophoblc cavity of cyclodextrlina
{COx’s) ln aqueous asolutlon. In agreement with earlioer work? tho quantum
yleld of fluorasconce {2g) was found to increase wupon Incluslon. Tho
incresse is strongest forxr those compounds which have the shorteat
fluoreacence llfetime { ¢ r) in aqueous solution, In the case of 2,4,6~-
trimethyl phenol (TMP), Ty =~ 0.7 no in squaous aolution. Upon additlon of

B-CDx, a component with T - 3.6 ns osppears which ias assigned to the TMP-

CDx complex; this is to be compnied to Tpo = 5.6 ns in ethanol, Additlon of
0.01 ¥ B-CDx causes increaso of Py by a factor of 2.5 and increase of the
intoxsystem crossing yleld (ﬂlsc)' by a factor of 1,8, Analysis of
photophyaslcol data shows that all singlet deactivation rate constants
decrease upon complexation of TMP with B8-CDx, but slowing down of internal
conversion is most pronounced., Tho efflclency of onc-photon oloctron
ejaction from TMP is reduced by complexation, owlng to the mora hydrophoblc
environmont; in contrast, two-photon electron ejection ils enhanced,
probably bLecausa of the longer S, lifotima.

The decay of e-aq i3 found to bo accelerated In the presence CDx’a

which form complencs with hydroxy- and methoxybenzenos.,

{1} J.Zechner, G.KOhler, G.Grabacr and N.Geloff, Can.J.qhem.l900, 19, 2006,

{2) G.Grabner, G.Kbhlex, G.ttarconl, S.Monti and C.venuti, J.Phys,Chem.1990,
94, 3609,

(3) M.lloshino, M,Imamura, K.Ikehara and Y.Hlama, J.Phys,Chem.1901, 85, 10820,

A;kunyiggggmgng. The Progetto .inalizzato Chimica Fine e Secondaria is

gratefully acknowledged for financial support,
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PHOTOSTABILIZATION MECHANISMS OF HALS: INTERACTION
WITH SINGLET AND TRIPLET ANTHRACENE

. Bortolus, N. Camaioni, L, Flamigni, F. Minto, S. Monti and A, Faucitano?
Istituto FRAE-CNR, Via de’ Castagnoli 1, 40126 Bologna (Italy)
a

Universitd di Pavia, Viale Taramelli 10, 27100 Pavia (Italy)

Photooxidation of polyolefins larxgely occurs by the classical scheme
developed for rubber and oils thermal oxidation:

R° + 0, ==» ROO’ ; RCO‘ + RH -~» ROOH + R* ; 2R* -~» Products
A key question in polyolefin photooxidation is the origin of the primary
radical (R') shown in the scheme. It 1s now generally accepted that
different chromophoric impurities are active in generating R°. Among the
impurities polynuclear aromatic hydrocarbons (PNA), {n particular
anthracene, are believed to be photoinitiators of non minor importance 2,3,
The accumulation of these compounds in polyolefins is now well established:
they are absorbed by the polyolefins from the polluted urban athmospheres,

To contrast the action of the different photoinitiators various
classes of light stabilizers have been developed, the most efficient being
that of of Hindered Amine Light Stabilizers (HALS). HALS are derivatives of
2,2,6,6-tetramethylpiperidine which undergo oxidation to hydroxylamine
derivatives and to N-oxyl free radicals during the processing and the
photooxidation of polyolefins., HALS arxe active on various initiators of
photooxidation: their interaction with hydroperoxides, aliphatic carbonyls
and singlet cxygen have been already studied.

To investigate the probable role of HALS as quenchers of the
electronically excited PNA, we studied the interaction of various
piperidines, hydroxylamines and piperidine N-oxyl radicals with the singlet
and triplet excited states of anthracene. In this communication we report

the results of such a study.

Acknowledgement. The financial support of "Progetto Finalizzato Chimica

Fine e Secondaria” of C.N.R. is gratefully acknowledged.

(1) Bolland J.L., Quart.Rev. (London), 1949, 3, 1.

(2) pivovarov A.P., Gak Yu.V. and Lukovnikov A.F., Vysokomol. Soedin Ser.aA,
1971, 13, 2110,

(3) Aspler J., Carlsson D.J., and Wiles D.M.,, Macromolecules, 1976, 9, 691.

mata s

ENR T T 2 B0




I11-64

A LASER PHOTOLYSIS STUDY of the ALKALIDE Na*C222.Na"
by
M. DEBACKER, J.F. LACARRIERE, F.X,. SAUVAGE
CNRS URA 253, 13, rue de Toul - 59046 LILLE Zédex (France)
and
J.L.DYE
Department of Chemistry, MSU, EAST LANSING, MI. 48824 (USA)

Alkalides are compounds containing alkali metal ions at the unusual valence state -1. They can be
prepared in amines (like methylamine) in the presence of a cryptand molecule, according to a
reaction such as :

2 Na 4 C222 — Na*C222.Na
The subsequent removal of the solvent leads to a solid compound (sodide), whose aspect is bright,

shiny, gold-like. The compound NatC222.Na- is non-metallic. It behaves as a semiconductor
having an apparent band gap of 2.4 eV.
Thin films of solid Na*C222.Na- have been studied by using laser photolysis at two different
wavelengths, When excited at 605 nm (within the main absorption peak, centered at 650 nm),
above a given power threshold, there is a rapid bleaching of the spectrum, followed by a fast but
partial recovery of the absorption spectrum. At 308 nm, even though the absorption of the sodide is
very low, the effect is the same, but in this latter case, the recovery of the spectrum is almost
complete,
This phenomenon is interpreted in the following manner : at 308 nm, the sodide is excited directly
into the conduction band. The relaxation of the excited specics correspond to a simple hole-electron
pair recombination. At 605 nm, when the laser power applied is low, the sodide undergoes a 3s2
—> 3s3p transition, followed by a fast, non-radiative process. When the power is increased, two
processes occur : (1) a bi-photonic mechanism promotes the sodide jon first into the 3s3p state, then
partly into the conduction band. (2) The recovery can therefore take place both from the conduction
band (hole-electron pair recombination) and from the 3s3p excited state. In the former case, since
the conduction band is a continuum of delocalized states, the recovery is idcal and is similar to what
happens with UV light. In the latter case, the 3s3p orbitals may overlap, thus leading to
decomposition reactions such as ;

Na* + Na~’ — products (Na, e-...)
This work shows the interest of testing two different wavelengths in order to elucidate the
photochemistry of Na+tC222.Na*, Temperature dependance measurements will subsequently be
made on this sodide and extended to other atkalides.
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THE PRIMARY CHARGE SEPARATION IN PHOTOSYSTEM TWO.

James Durrant, Gary Hastings, Jamaes Barber’, David Kilug and George
Porter.

Photochemistry Research Group, Dept. Pure & Applied Biology and "AFRC
Photosynthesis Research Group, Depl. of Biochemistry, Imparial Collego,
London, SW72B8.

Transient absorption spoctroscopy has baen used to study the
primary charge separation in reaction centres isolaled f{rom the
photosystem two of higher plants, The experimental apparatus allowed
excitation of the reaction centres al wavelengths between 600nm and
685nm with a tlime resolution of 150fs.  Absorption kinetics are
observed wilh lifelimes belween 1ps and 20ps, using low energy
excitation pulses and stabilised reaction centres. The transien! species
involved are identified from their spactral and excilation wavelength
depondence. The primary charge separation is observed, with a lifotime
of approximately 1ps. At certain excitation wavelengths additional,
relatively slow, kinetics are observed and assigned to energy f{ransfer
from accessory pigmenis to the primary electron donor, P680. These
processes are included in a kinelic model of the electron and energy
transfer pathways active in the isolated pholosystem two reaction
centre, based on experiments conducled over a tlime range from
famloseconds to milliseconds.

v

Rl AW A poaen P27




Iv-2
PHOTOLYSE LASLR DU COMPLEXE 1NS FIDINE-HEME-CO

Marle-Plerre FONTAINE-AUPART!, Michnel C. MARDENZ, Yue HUANG?Z,
Jean-Louls MARTINZ, Claude l’O\'AR'l'z, Jean-Christophe LAMBRY3 et Robert PANSUH4

1 - Laboratoire de Photophysique Moléculaire, Université Paris-Sud, 91405-ORSAY (IFrance)

2 - INSERM U.299, Hopital Bicttre, 94275-LE KREMLIN-BICETRE (France)

3 - Laboratoire d'Optique Appliquée, Ecole Molytechnique, LNSTA, 91128-PALAISEAU (France)

4 - Laboratoire de Physico-Chimic des Rayonnements, Université Paris-Sud, 91405-ORSAY
(FFrance)

Dans les hémoprotéines, fe fer de I'héme est 1ié avec un atome d'nzote de Pimidazole d'une
hislidine, cc qui confére A I'héme un role important tel que 1 fixation reversibie de 'oxygéne (dans
les myoglobines «t hémoglobines), Ia catalyse de Ia réduction de i"hydrogenc peroxide (catalases ct
peroxidases), le  transport  d'électrons (cytochromes), loxycation de  substrats organiques

(oxygénases et dioxygénrnas) et fa réduction de 1'0, en cau (oxydases terminales).

L'interaction heme-globine dans les hémoprotéines a déja été trés largement étudice,
cependant Ie rdle joué par Phistidine proximale n'est pas encore completement élucidé. Afin de
micux comprendre I'eflet do la linison fer-histidine sur ia réactivité de Phéme, la photodissociation
du complexe histidine-hdme-CO a &1é entrepiise, suivie de mesures de spectroscopic d'absorption
de fa picoscconde & la milliscconde. Les deus ligands du groupement hémique, Phistidine et Ia
moléeule de CO sont dissociées aprés excitation, On n'observe pas de phase de aissociation de

I'histidine ce qui signific que les deux ligands doivent 8tre dissociés dans les premigres pico-
secondes.

Les cinétiques de recombinaison indiguent qu'aprés photedissociation, une molécule d'cuu se

recombine en prentier A I'héme puis 1a molécule de CO ct enfin 11,0 est remplacée par Phistidine,
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LASER PHOTOLYSIS OF THE HISTIDINE-HEME-CO COMPLEX

Marie-Pierre Fontaine-Aupart', Michael C.Marden?, Yue Huang®, Jean-louis
Martin®, Claude Poyart?, Jean-Christophe I.ambry"'. Robert Pansu®.

1 - lab., Photophysique Moléculaire, Université Paris-Sud, 91405-Orsay
(France)

2 - INSERM U.299, lopital de Bic8tre, 94275~ le Kremlin-Bicétre (France)

3 - Lab, Optique'_ Appliquée,Ecole Polytechnique ,ENSTA, 91128-Palaiseau
(France)

4 - Lab., Physico-chimle des Rayommements,Université Paris-Sud,
91405-Orgay (France)

In hemoproteins, the heme is usually bomded by its iron atom to an
imidazole nitrogen of a histidine residue, which pommits many important
functions such as the reversible binding of oxygen (in myoglobins and
hemoglobins), catalysis of the reduction of hydrogen peroxide (catalases
and peroxidases), electron transport (the cytochromes), oxidation of
organic substrates (oxygenases and dioxygenases) and the reduction of
dioxygen to water (the terminal oxidases).

The interaction of heme with globin in hemoproteins has been
extensively studied but the role of the proximal histidine residue is not
yol: fully understood. In order to understand the effect of the iron
histidine bond on the reactivity of the heme, photodissociation of the
histidine-home-CO coamplex has been investigated with picosecond to
millisecond absorption differonco spectra. Dolh ligands of the heme group,
histidine and carbon wonoxide, are apparently relcased after excitation. No
indepondent phasn for tho dissociation of tho histidino was obroerved,
indicating that both ligands are dissociated within the first picosecond.

The recombination rates and kinetic difference spectra indicate that
after photodissociation, the heme group recombines successively with
water, carbon monoxide and finally the water molecule is replaced by

histidine.
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THE TRIPLET STATE OF TRYPTOPHAN IN KERATIN
AND ITS REACTION WITII OXYGEN

Gerald Smith

DSIR Physical Sciences, P O Dox 31313, Lower 1Iutt, New Zealand

Tryptophan is a key primary chromophore involved in the photochemistry of protein,
As such, tryptophan and related indoles have been the subject of intensive photochemical
investigation both in vitro and within proteins,

In the work described in this paper the fluorescence and phosphorescence of tryptophan
residues in the solid protein, keratin from wool has been studied.

From determinations of the tryptophan fluorescence maximum as a function of
temperature it is concluded that there is a very effective, thermally induced mixing of the 'L,
and 'L, excited singlet states which results in enhanced intemal conversion!” and, at least in
part, could be responsible for a relatively low triplet state yield. The triplet state yield of
tryptophan in keratin at 77K was determined to be 0.11 whereas values of 0.37¢ and 0.50®
have been measured in PVA and ethylene glycol respectively at 77K.

Laser flash photolysis measurements on the phosphorescence excited by 265 nm
excitation have shown that thete is a very rapid rate of reaction of oxygen with many of the
triplet states of tryptophan produced in keratin, This implies that the observed
phosphorescence is due to trypiophan residues at the surface of the sample which react
principally with gas phase oxygen molecules impinging on the surface.

Despite this rapid reaction with oxygen, no singlet oxygen could be detected by its
characteristic chemiluminescence at 1270 nm following excitation of tryptophan triplet states.
It is estimated that if singlet oxygen is produced, its yield <0.05.

The absence (or low yield) of singlet oxygen could arise from either the low yield of
tryptophan triplet states discussed above or inefficient encrgy transfer from the tryptophan

triplet to molecular ground state oxygen.

(1) G J Smith and W H Melhuish, J Phys Chem, in press (1991).
(2) H Lami and N Glasser, J Chem Phys, 84, 597-604 (1986).
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EXALTATION DE LA PHOTOACTIVITE DE MOLECULES HIYBRIDES
SLZINC-PORPHYRIN-ELLIPTICINE”  PAR ADDITION D’ADN
S.J. Mildee*, B. Mcunicr** and N, Paillous*
*Laboratoire des IMRCP, URA 470-CNRS, Université Paul Sabatier, Toulouse
**Laboratoire de Chimie de Coordination du CNRS, Toulouse, France

De  nombreuses  équipes  travaillent  actuelloment  au développement  d'agents
thérapeutiques qui sont activés sélectivement par leur cible biologique. Les dérivés de
Phématoporphyrine  habitucllement utilisés en photothérapic anticancéicuse préscutent un
manque de sélectivité qui entraine simultanément unc réponse phototoxigue, Dans le cadre des
recherches réalisées sur de nouvelles porphytines synthétiques, il a 1€ récemment montré que
la zinc-tetrakis(4-N-methylpyridiniumyl)porphyrine (Zn'TMPyP) peut induire des altérations de
I'ADN sous irradiation.!

Nous préscntons ici de nouvelles molécules hybrides *zinc-porphyrine-cllipticine” qui
présentent deux propri€iés pacticulitrement intercssantes en vue de leur utilisation en
photothérapic. La premidre est que la présence dans leur structure d'un agent intercalant

augmente fortement leur affinité pour I'ADN.2 La scconde est que leur photoactivité qui est trts
faible cn solution homoggne, est fortement exaltée en présence d'ADN.

Dcux hybrides ont é1€ éudiés3: Porph-O(CH,)3NHCO(CHp)s-Ellip, 1, et Porp-
NHCO(CHp)4-Ellip, 2, L' excitation de Ja bande Q de la porphyrine provoque unc
lumincscence tres faible de ces composés: Leur rendement de  fluorescence est de 1'ordre de 8

x 104 alors que la fluorescence de ZnTMPyP estde 2.5 x 10'2‘. Le rendement de fluorescence
des molécules hybrides complexées par I'ADN cst 22 fois plus grand dans le cas de 1 (ou 8
fois dans le cas de 2) que celui des hybrides libres alors que le rendeinent de fluorescence de
Zn'TMPyP cst trés peu modifié par la préscnce d’ADN, Dans le méme temps, les propriéiés de
I"état triplet sont aussi fortement modifiées: La luminescence de 'oxygene singulet généré par
les inolécules hybrides a son rendement fortement augmenté (11 2 4 fois) par addition d’ADN .

Notre hypothese est que la faible photoactivité des molécules hybrides scules cst lc
résultat d’un stacking intramoléculaire dd 2 leur conformation repliée qui entraine un quenching
des propriétés des états singulet et triplet, L'augmentation de feur photoactivité lors de ["addition
d’ADN résulterait d’un changement concomitant de la conformation de ces molécules. L'’ADN
sertici d’activateur pour ces molécules.

1. D. Prascuth, A, Gaudemer, J.B, Verlhac, 1. Kraljic, 1. Sissocl and E. Guillé, Photochem, Photobiol., 1986,
44, 717. 2. L. Ding, G. Etcinad-Moghadam, S. Cros, C. Auclair and B, Mcunicr, J, Chem, Soc., Chem.
Conun,, 1989, 1711, 3. L. Ding, G. Eicmad-Moghadam, S. Cros, C. Auclair and B.Mcunicr, J. Med. Chem.,
1991, 34, 90,
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DNA AS A SWITCH FOR THE PHOTOACTIVITY OF IIYBRID
MOLECULES “ZINC-PORPIIYRIN-ELLIPTICINE”
§.J. Milder*, B, Meunier** and N, Paillous*
*Laboratoire des IMRCP, URA 470-CNRS, Université Paul Sabatier, Toulvuse
**Laboratoire de Chimie de Coordination du CNRS, Toulouse, France

Numerous teams are currently working on the development of therapeutic agents which are
selectively activated by their biological target. The hemataoporpliyrin derivatives usuatly used in
cancer phototherapy exhibits a lack of selectivity which leads to a concomitant phototoxic
response. Searching new photoactivable synthetic porphyrins, it has been recently shown that
zinc-tetrakis(4-N-methylpyridinivmyl)porphyrin (ZnTMPyP) may induce DNA damage under
irradiation.!

We report here on new water-soluble hybrid molecules "zinc-porphyrin-eflipticine” which
exhibit two properties particularly interesting for their potential use in phototherapy: First, the
presence of an intercalating agent highly increases the affinity of the molecule for DNAZ
Secondly, their photoactivity which is very low in homogeneous solution is dramatically ‘
enhanced in the presence of DNA,

Two hybrid compounds? have been studied: Porph-O(CH4)3NHCO(CI1,)s-Ellip, 1, and
Porph-NH-CO(Cli,),4-Ellip, 2. Upon excitation in the Q-band of the Zn-porphyrin the
luminescence of these compounds was very low; Their fluorescence yield was about 8 x 104
while the fluorescence of ZnTM;yP as 2.5 x 10-2, The fluorescence yield of hybrid molecules
complexed with DNA was 22 times for 1 (or 8 times for 2) that of free hybrids while the
fluorescence yield of Zn.TMPyP was only poorly modified in the presence of DNA., In the sams
time, the propertics of the triplet state were also dramatically changed: the yield of singlet
oxygen emission generated by the hybrid molecules was highly enhanced (11 or 4 times) upon |
addition of DNA,

Our hypothesis is that the low photoreactivity of hybrid molecules alone is the result of a
strong intramolecular stacking due to their folded conformation leading to # quenching of the -
propertics of both singlet and triplet states. Addition of DNA changes the conformation of the
molecule and consequently their photoreactivity, making then DNA as a switch for

photoactivable molecules,

1. D. Prascuth, A, Gaudemer, J.8. Verthac, 1. Kraljic, 1. Sissoef and E, Guili¢, Photochem. Photobiol., 1986,
44, 117, 2, L. Ding, G. Etemad-Moghadam, S. Cros, C. Auclair and B. Meunier, J, Chem, Soc., Chem,
Comm,, 1989, 1711, 3. L. Ding, G, Etcmnd-Moghadam, S, Cros, C. Auclair and B.Meunicr, J, Mcd. Chem,
1991, 34, 9,
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THE PHOTOCHROMIC EQUILIBRIUM BETWEEN BACTERIORHIODOPSIN (BR)
AND ITS K INTERMEDIATE STUDIED BY LASER-INDUCED OPTOACOUSTIC
SPECTROSCOPY (LIOAS) WITIl NS AND SUB-PS LASER PULSES

Mathiss Rolir, Wolfgang Gartner, Gerd Schweitzer, Alfred R. Holzwarth, and Silvia E,
Braslavsky

Max-Planck-Institut fiir Stralilenchemie, Stiftste, 34-36, D-4330 Milheim a.d. Ruhr, FRG

LIOAS was used to measure the heat stored by the intermediate K, preduced in
5 ps after excitation of BR and living for ca. 2 ps, i.c., longer than the heat integration
time of the experiment, which is determined by the acoustic transit time (between 150
and 670 ns depending on the laser diameter)(1]. Using < 500 femtosecond pulses a lower
limit for $pras = 0.5 was derived,

Through variation of the acoustic transit time the lifetime of K was determined to
be rx = 1.5 ps, in agreement with the literature value [2].

With 6-ns pulses a photochromic equilibrium was established within the pulse
between BR and K. The dependence of the heat released promptl; on the excitation
energy fluence was modeled for each of the six excitation wavelengths (532-630 nm; ex/ean
varied between 0.7 and 2.7 (2]). The best fit of the experimental points was obtained for a
quantum yield of formation BR from K, $x__.pr = 0.41, and a lifetime of K*, 7x* = 39
ps (rx*> type = 0.7 ps it consistent with the higher fluorescence and the smaller Stokes
shift reported for K as compared to BR (3]).

Temperature-dependent LIOAS measurements in the water-based solution (pos-
sessing a strongly temperature-dependent cubic expansion coeflicient around 4 °C) yielded
a temperature independent term, interpreted as the contribution of molecular movements
concon. {ant with the photochemical reaction, in addition to the heat evolution leading
to the thermal effect (temperature-dependent) [3]. A one dimensional expansion of 100
pm/molecule for the BR to K phototransformation resulted from the mecasurements.

(1] Braslavsky S.E, and Heihoff K., "Handbook of Organic Phiotochemistry” (Ed. Scaixno
J.C.) CRC Press, Boca Raton, Florida, 1989, Vol, I, Chapter 14.

(2] Atkinson G.H., Brack T.L., Blanchard D. and Rumbles G., Chem. Phys., 1989, 131,1.

[4] Westrick J.A,, Goodmann J.L., Peters K.S., Biochemistry, 187,26, 8313.

We are indebted to Professor K, Schaflner for his enthusiastic support. M.R. is
recipient of a fellowship from the Krupp von Bohlen und Halbach-Stiftung.
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REACTIONS DEES PORPHYRINES VINYLIQUES AVEC L'OXYGENE SINGULET
EN RELATION AVEC LEUR UTILISATTION EN PHOTOCIHIMIOTHIERAPIL

Béatiice Aveliue, Olavio Delgado, Danicl Brault

Laboratoire de Biophysique, INSERM U, 201, CNRS URA 481,
Muséum National d'Histoite Naturclic
43 rue Cuvier, 75231 - Paris Cedex 05 (France)

La photochimiothérapic ¢st basée sur la 1étention sélective par les
tumeurs solides, de photoscnsibilisateurs tcls que I'hématoporphyrine
dérivée (Upd) ou le Photofrin®, L'irradiation des structures biologiques
marquées  par ces colorants conduit @ unc régression des tumeurs
probablement par un mécanisme impliquant l'oxygéne singulet, Au cows
du traitement, I'lpd ct le Photofrin® qui conticnnent des porphyrines
vinyliques, subissent des photo-dégradations.

Nous avons utilisé une technique de photolyse par éclair laser pour
comparer les réactivités dec  plusicurs porphyrines vinyliques  vis-li-vis
de l'oxygtne singulet dans différents solvants. Les porphyrines ¢tudides
sont dérivées de la deutéroporphyrine par des substitutions en position
2 ou 4. La constante de vitesse de quenching de P'oxygtne singulet, k),
est de lordre de 107 M-ls-1. Cette valeur est beaucoup plus élevée que
celle déterminée en photolyse continuc par d'autres groupes, Nous avons
mis cn évidence unc augmentation de kp avee le caractére électro-
donneur des substituants dircctement liés au cycle porphyrine. Les
valcurs de kp mesurées pour lc mélange isomérique ct pour les deux
isoméres séparés (groupe vinylique cn position 2 ou cn position 4) sont
identiques. Les propriétés électroniques et la viscosité des solvants
aprotiques ont peu ou pas d'influcnce sur la vitesse de réaction, De
méme, la deutérintion des solvants n'alfecte pas kp. Par contre, la
présence de solvants protiques tels que l'eau, le méthanol, I'éthanol ou e
N-méthyllformamide provoque unc augmentation notable de la vitesse
de quenching. Ces résultats expérimentaux scront utilisés pour discuter
de Ja nature des processus impliqués dans la photomodification des
porphyrines vinyliques ct de leur importance en photochimiothérapic.
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REACTIONS OFF VINYL PORPIHYRINS WITH SINGLET OXYGEN
RELEVANCE TO PHOTOCHEMOTHERAPY

Béatrice Aveline, Olavio Delgado, Danicl Brault

Laboratoire de Biophysique, INSERM U, 201, CNRS URA 481,
Muséum National d'llistoire Naturclic
43 rue Cuvier, 75231 - Paris Cedex 05 (FFrance)

Photochemotherapy using hematoporphyrin  derivative (llpd) or
Photofrin® is based on preferentinl fabelling of ncoplastic tissues by
these drugs which, upon subsequent irradiation with visible light
specifically induce the regression of tumors probably via a singlet
oxygen pathway. Ipd and Photofrin® which contain vinyl porphyrins
are known to undergo a photochemical cuange during treatment,

Laser. flash photolysis has been used to examine and compare the
reactivities of several vinyl porphyrins towards singlet oxygen (103) in
various solvents. The singlet oxygen quenching constant, kp (in the order
of 107 M-!s-1) is found to decrease with increasing clectron-withdrawing
cffect of substituents "on the porphyrin ring. Values of kp measured for
both separated isomers and for the isomeric mixture are identical within
experimental error. No direct effect of solvent electronic properties or
viscosily can be discerned for aprotic solvents, Likewise, no trend in the
results with Q9 lifetime in the media used, is obscrved. An accelerating
solvents such as water, methanol, ethanol and N-

effect of protic
is  cvidenced., We discuss  the natuwie  of  the

methylformamide
photoprocesses involved in the photomodification of vinyl porphyrins,
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REACTION INTERMEDIATES OF A DIHYDROPYRIDINE DERIVATIVE OF A2T RELATED TO
AIDS DEMENTIA, STUDIED BY 355nm NANOSECOND LASER FLASH PHOTOLYSIS

Barbara Czochralska'b. Lars Lindqvist® and Paul F.Torrence®

*Laboratolire de Photophysique Moléculaire, Université Paris-Sud, 91405 Orsay
(France)
bDepartment of Blophyslics, Unliversity of Warsaw, 02~089 Warsaw (Poland)
“Section on Blomedical Chemistry, Laboratory of Analytical Chemistry,
National Institute of Diabetes and Digestive and Kidney Deseases,

National Instlitutes of Health, Bethesda, MD 20892 (USA)

The discovery that AZT is a potent Inhibitor of human immunodeficiency
virus (HIV) has stimulated the synthesis and blological study of a multitude
of nucleoside analogues with azldo substituents on the sugar rings.

In an attempt to provide a derivative which might cross the blood~brain
barrier and be sequestred In the central nervous system, the dihydropyridine
ester 5'-{1,4-dihydro-~1-methyl-3-pyridinylcarbonyl)-3'~deoxythymidine
(IPAZT) has been synthesized'"

on dihydropyridine-pyridinium lon redox interconversion, and it is therefore

. The delivery to the nervous system 1s based

of interest to characterlze the intermediates involved in this transfor-~
mation.

2,3 that exposure of dihydronlcotinamide

It was previously shown
adenine dinucleotide (NADH) {n aqueous solution to 355 nm laser emission
glves rise to one-electron ejection by stepwlse two-photon excitation with
formation of semiquinonic nicotinamide radicals.

We have now demonstrated that this photochemical reaction occurs also
in the case of HPAZT In aqueous solution. The effliclency of photoionization
fs close to that of NADIl. The IIPAZT radical catfon formed in thls process
deprotonates in approx. 10'7 s to give the neutral radical.

The lonizatlon of HPAZT by two-photon excltatlon at 355 nm thus pro-
vides a convenient means of produclng radicalar forms of this compound for

study of redox reactions involving HPAZT radlicals as intermedliates.

(1) P.F.Torrence, J.Kinjo, K.leslak, J.Balzarint, E.De Clercq, FERS letters
234 135 (1988)

(2) B.Czochralska, L.Lindqvist, Chem.Phys.Letters 101 297 (1983)

(3) L.Lindqvist, B.Czochralska, I.Grigorov, Chem,Phys.letters 119 494 (1985)
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INTERMEDIALIRES REACTIONNELS D'UN DERIVE DE L'AZT RELATIF A LA DEMENCE
DUE AU SIDA, ETUDIES PAR PHOTOLYSE-LASER NANOSECONDE A 355 NM.

Barbara Czochralska®, Lars Lindqvist® et Paul F.Torrence®

*Laboratolre de Photophyslque Moléculalre, Unlversité Paris-~Sud, 91405 Orsay
(France)
bDépartment de Blophysique, Unliverslté de Varsovie, 02-089 Varsovie (Pologne)
°Section on Blomedical Chemistry, Laboratory of Analytical Chemlstry,
Natlonal Institute of Dlabetes and Digestive and Kldney Deseases,

National Institutes of Health, Bethesda, MD 20892 (USA)

La découverte que 1'AZT est un inhiblteur pulssant du virus de 1'lmnu-
nodéficlence humalne (HIV) a encouragé la synthése et 1'étude blologique
d'une multitude d’analogues nucléoslidesavec des substituants azido.

Dans le but d'oblenir un dérivé susceptible de franchlr la barriére
sang-cerveau et d'étre plégé dans le systéme nerveux central, 1'ester de la
dihydropyridine 5'-(1,4-dihydro-i-methyl-3-pyridinylcarbonyl)-3'~deoxythy-
midine (HPAZT) a été synthétise'

est basée sur l'lnterconversion redox dihydropyridine - ion pyridinium, et

. L'introduction dans le systéme nerveux

i1 est par conséquent intéressant de pouvoir étudier et caractériser les
intermédlialres impliqués dans cette transformation.

Il a été précedemment démontre'®?
1'éjection d’un électron du dihydronicotinamlde adenine dinucleotide (NADH)

en solutlon aqueuse, avec formatlon de radicaux semiquinoniques du groupe-

qu'll est possible d’oblenir

ment nicotinamide, a 1'alde d'un rayonnement laser impulsionnel & 355 nm.
Nous avons maintenant montré que cette réaction photochimlque a lieu

également dans le cas de .'HPAZT en solutlion aqueuse. L'efficacité de photo-

ionisation est proche de celle pour le NADH., Le radical cation de 1’'HPAZT

formé dans ce processus donne en ~10""s le radical neutre par déprotonation.
L'lonisation de 1'HPAZT par excitation biphotonique & 355 nm donne

alnsi un moyen intéressant de produlre des formes radicalaires de ce composé

pour 1'étude de réactions rédox impliquant des radicaux de 1'HPAZT comme

intermédiaires.

(1) P.F.Torrence, J.Kinjo, K.Leslak, J.Balzarinl, E.De Clercq, FEBS Letters

234 135 (1988)
(2) B.Czochralska, L.Lindqvist, Chem.Phys.Letters 101 297 (1983)
(3) L.Lindqvist, B.Czochralska, I.Grigorov, Chem.Phys.Letters 119 494 (1985)
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FLUORESCENCE SPECTROSCOPY AND TRYPTOPHAN
CONTENT OF CHLOROPLAST COUPLING FACTORI"CF"

HASSAN M. YOUNIS
Faculty of Agriculture, Alexandria University,
EL-Chatby, Alexandria, Fgypt.

CFl,is the known enzyme of photophosphorylation in chloropl-
asts. It couples the photo-induced electron flow to ATP synthe-
sis via a trans-membrane gradient in electrochemical potential
created by 1" -movement. The enzyme is one of the most complicated
known enzymes (1,2)., Its detailed structure, conformational tra=-
nsitions and molecular meckanism, although of great importance,
are all poorly understood. In this context, fluorcscence studies
would provide valuable information(2,3). Thence, in this report,
absorption spectra and fluorescence emission, excitation and pol-
arization spectra of the protein were studied. All criteria indi-
cated the existence of tryptophan in the protein, Depending on
the method of determination there were 8 - 12 moles of tryptophan
per mole of the enzyme. Tyrosine was also determined and a ratio
of 8 tyrosine ; 1 tryptophan was estimated in the protein. Fluo~
rescence life time determined from simultaneous measurements of
phase lag and degree of modulation at a single iight—modulution
frequency revealed that tryptophan exists in helerogeneous aque-

ous c¢nvironments within the protein.

Utilization of Lhe above properties in the study of the stru-
cture, molecular mechanism and dynamics of the enzyme will be

discussed.

RNeferences:

1) Younis, l. M,, Wingel, G. D. and Racker, BE.(1977)J.Biol.Chem.
262, 1814 - 1818,

2) Younis, H. M,, Weber, G. and Boyer, J.(1983)Biochemisiry, 22,
2505 - 2512,

3) Younis, H.M., Boyer, J.5,. and Govindjee(1979)niochem. Biophys.
Acta., 548 328-340.
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HOLE BURNING STUDY OF INTACT CELLS OF PHOTOSYNTHETIC GREEN BACTERIA
& % *
Koit Mauring, Larisa Shibaeva , Alexandra Taisova and Zoya Fetisova

Institute of Physics, Estonian Academy of Sciences, Tartu 202400 and
A.N. Belozersky Laboratory of Molecular Biology & Bioorvganic Chemistiy s
Moscow State University, 119899 - Moscow (U.S.5.R.)

The photosynthetic pigment molecules in natural light-harvesting
antennas form the lattices of a cluster type. Can this clustering of the
pigment molecules be considered as one of the optimizing structural
factors ensuring the high efficiency of excitation energy transfer from
an antenna to a reaction ceanter? This problem has been examined here by
mathematical simulation of the light~harvesting process in model three-
dimensional systems. It has been shown that only in the case of strong
interactions within each molecular cluster (upon oligomerization of mo-
lecules in the cluster allowing to consider each oligomer as a single
"supermolecule"), the formation of pigment clusters in a light-harvesting
system increases the efficiency of such system as compared to that of a
corresponding monomeric uniform isotropic system of the same volume,
Therefore, the oligomerization of antenna pigments, as an efficient
strategy for the light harvesting in photosynthesis, is biologically

(1). The question of whether this is the case for the three-

expedient
dimensional chlorosomal superantenna of green bacteria(2) has been
examined with hole burning spectroscopy. The hole burning in fluorescence
excitation and emission spectra of intact cells has been measured at 1.8 K,
The contribution of inhomogeneous line broadening to the profiles of both
spectra has been shown. The pcrsistent hole spectra have been found to be
consistent with a strongly coupled bacteriochlorophyll ¢ chromophore
system within a cluster. The results directly demonstrate that each
bacteriochlorophyll ¢ cluster in natural chlorosomal antenna of green
bacteria behaves in the process of excitation energy transfer as a single
supermolecule.

(1) Fetisova, 2.G., Shibaeva, L.V, & Fok,M.V. (1989) J.Theor.Bicl.140, 167
(2) Fetisova, Z.G.. Freiberg, A.M., & Timpmann, K.E. (1988) Nature 334, 633
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PHOTODYNAMIC THERAPY AS A CHEMICAL KINETIC PROCEDURE

D. Gdl, C. Mdéger, T. Shulikovskaya, L. Slimegi, T. Vidéczy and
H.A., El-Zemzam

Central Research Institute for Chemistry of the Hungarian Academy of
Sciences, 1525 Budapest, P.0.Box 17, Hungary

Photodynamic Therapy (PDT) has emerged in the last decade as a prospec-
tive tool in clinical trials for the treatment of malignant cells. Several

schools all over the world are studying and using it(l‘a)

in spite of the
fact that kinetic parameters and adequate mechanisms are not well known,
PDT can be scientifically defined as a light (laser) activated photo-
sensitizer effect in biological tissues. Most of literature sources assume
that activation leads to singlet oxygen exerting the annihilating effect
(Type II mechanism), though there are references indicating also the role
of radicals (Type I mechanism),
The authors suggest that parallel to the formation of singlet oxygen
as the annihilating agent, active species formed during the activation of
the photosensitizer (e.g. haematoporphyrin and its derivatives) interact
with active species (e.g. radicals generated by the biological entities)
called Modified Type One (MTO) mechanism,
In order to support this view following experimental work has been
pexformed:
~ Laser flash photolysis studies on formation of singlet oxygen in the ab-
sence and in the presence of i1adicals introduced into the system

~ Investigation of active species formed during the {rradiation of Hp and
Hpd-s

~ Electron spin resonance measurements of radicals in mice before and af-
ter irradiation in the absence and in the presence of Hp and Hpd-s ad-
ministered;

-~ Measurement of photobleaching of Hp and Hpd-s,

The present lecture summarizes results obtained in above fields.

1. T.J, Dougherty, W.R, Potter, K.R. Wishauri: Porphyrins in Tumor Photo-
thervapy (Eds: A, Andreoni, R, Cubeddu, New York, Plenum Press 1984, p.31;

2. B, Ressel, M. Cheng: Photocham.Photobiol. 41, 277 (1985);

3. G, Jori: Lasers Med.Sci., 5, 115 (1990);

4, R, V. Bensasson, E.J, Land, T.G.Truscott: Flash Photolysis and Pulse Radio-
lysis (Oxford, Pergamon Press, !983, p. 241),

v
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Photolysis of Biacetyl-Oxygen Mixtures in the Temperature
Range of 233 - 333 K: Kinetics and Mechanism of the Reaction

system CH3C00, -~ CH30; -HOj

0. Horie and G. K. Moortgat

Max-Planck-Inst*itut fir Chemie, Division of Atmospheric
chemistry, D-6500 Mainz, Germany

Bilacetyl (butane-2,3-dione) was photolyzed at atmospheric
pressure in Ar/0; = 80/20 mixtures between 233 and 333 X using
Philips TLO3 lamps (390 - 470 nm wit: the maximum at 420 nm)
under steady-state fiow conditions. Primary photolysis yields
CH3CO radicals, which in 0 subsequently generates CH3C00;,
Cll3uy, and HOj radicals. This photolysls system thus provides
a convenient system for studying kinetics and mechanism of
mutual reactions of these peroxy radicals. The reaction
products ware analyzed by the matrix-isolation FTIR
spectroscopy coupled with the molecular-beam sampling. The
reaction products were CO;, CO, HCHO, CH,5COON, 05, CH,COOOMI,
CH40H, HCOOH, and H30;.

The quantitative product data were used to determine the
rate constants and the branching ratios of the following two
important reactions over the temperature range of 233 - 333 K
by means of a computer simulation:

CH3C003 + 103 ===> CH3CO00H + Op (1a)

Cl13C005 + HO5 —--> CH3COOH + O, (1b)
and

CH3C00y + Cli305 ~==> CH5CO0 + CH30 + Oj (2a)

CHyC00y + CH40p ~==> ClI3CO0N + HCHO + Op (20)

A detailed discussion on the results of the simulation will be
presented, and relevance to tropospheric chemistry will be

indicated.




LASER EXCITATION OF THE A3}, A"3A  AND ¢'22 STATES OF MOLECULAR
OXYGEN
J. Wildt, G, Bednarek, B. 1L Fink and R, P. Wayne
PC/ER Y, BUGH Wuppettal, S600 Wuppertal |, FRG
PCL, Oxford University, South Parks Road, Oxford OX1 3QZ, UK

Molceular oxygen was sclectively excited to the A—"ZG (v'=7,8), A'JAu (v'=Y)
and c‘ZG (v'=13) states by absorption of pulsed dyc-lascr cmission,

Time-resolved fluorcscence could only be obscrved in the b‘Eé - X32£ band at
A=762 nm,

A gopd signal~to-noisc ratio of 2250 could be achicved for absorption in the
AL} X32é (ransition; smaller valucs were oblained for the A'34 |« XJZé
(S:N=15) and ¢'Z7 « X3Zé (S:N=10) transitious.

From the temporal behaviour of the blzé - X3Zé cmission, a lower limit for the
rate constant for quenching ol 02(A325) by oxygen itsell could be deduced to be
z21x10~4 em3st for the vibrational fevels v/ = 7,8,

1t was not possible to measure the corresponding raics for the A'3Au (v'=9) and
c‘XG (v'=13) states, because of the small 8:N ratios,

The data for the intensity of the b‘Eé ~ x3zé cimission as a [unction of the
021N2 mixing ratio suggest that not all the quenching of the ungerade stales Jeads to
population of the b‘Zé state.

A valuc {or the yicld of b’Zé {rom quenching of the A3EG state by Ozilsclf, a,
could only be calculated relative to the yicld of b‘Eé from quenching of the z‘\'-‘}.“*l stale
by Ny, B. T, his ralio was fitlcd to the experimental data using a simple relation between
the intensity of the b‘}:é - Xf‘Eé cmission and the 02/N2 mixing ratio. Assuming =1,
i.c. that b‘Zé is the only product of guenching of the A-‘Z; stute by N2’ physical scnse

limits the value for o into the range 0.4 2 a 2 0,11,

£




V-3

SOIL SENSITISED PHOTODEGRADATION OF BIORESMETHRIN

P Clements and C H J Wells

School of Applied Chemistry, Kingston Polytechnic, Kingston upon Thames,
Surrey, KT1 2EE, England

A knowledge of the mode of photodegradation of agrochemicals is of importance, Studies'?
have shown that singlet oxygen could be implicated in the environmental breakdown of
certain agrochemicals, and, furthermore, it has been suggested® that singlet oxygen can be
formed on soil surfaces and can contribute to the photo-oxidation of organic compounds, We
have used soil samples as the sensitising substrate in the separated-surface-sensitiser (s-s-s)
reaclor developed by Midden et al,* and by comparison with results obtained using known
sensitisers for the formation of singlet oxygen we have been able to show that soil samples
can generate singlet oxygen and that the singlet oxygen so generated causes the pholo-

degradation of bioresmethrin, a well known pyrethroid insecticide.

Results will be presented showing that soil samples of different pil can generate singlet
oxygen, and that the photo-degradation of bioresmethirin is inhibited in the presence of the

singlet oxygen quencher, f-carotenc,

References

1.S 1 Dixon and C 11} Wells, Pesticide Scicnee, 14, ddd-d48 (1983)
2.8 1 Dixonoand C1EF Wells, Pesticide Science, 21, 155-167 (1987)
1K Gohre and G C Miller, J_Apric Food Chem, 34, 709-713 (1986)

4.W R Afidden and S Y Wang, J_Amer Chem Sog, 105 4129-4135 (1983)
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PHOTODEGRADATION OF TRIBUTYLTIN (TUT) IN ENVIRONMENTAL: WATER: TIE ROLE OF
THE SURROUNDING ATMOSPIHERIC GASLS

+ (]
J.A.Navio, F.J.Marchena, C.Cerrillos and F.de Pablos

Inslituto de Ciencia dc Maleriales.Universidad de Sevi)la-CSIC/Upto. de Qui_
mica Inorganica.Facultad de Quimica.q1012-Sevilla (Spain).

.UpLo. de Quinden Anal itiendtacultid de Quimica.Univernidod de Sovillo,
41012-5cvilla (Spain).

Tin in ats inorganic form is penerally accepted as being non-Lloxicy howe
ver, the allochment of one or more organic groups to the Lin atom, via Sn-C
bond, has a drastic effect on the blological acLiviLy(l).Organotin compounds
of the type "nS"xa-n have a conaiderable number of industrial applications
and are thercfore able Lo enter the environment through a variety of routes.
In particular, the environmental impact of tributyltin (TBT) compounds in Lhe
aquatic environment has been Lhe subjele of a large amount of research in the

past 10 yeavs(l)

. The degradation of an organotin compound may be defined as
the progressive removal of ihe organic groups attached to the Lin atom,accom
panied by 1 progressive Jowering in biological activity.

Rasn ---pRaSnx = R_SnX ----—a:-RSn)(3 —p SnX, (equation 1)

272

Degradation involves the breaking of a Sn-C bond, and this may occur by a

q

nunmber of different processes being one of them by direct ultra-violet irra_
diation. Although the degradation of TBT has been studied in environmental

(2—3), however an understanding

water,by direct exposure to sunlight photons
of the factors affecting the phololytic degradation TBT compounds recquire a
more detailed account. In this respect the photodegradation of TBT and rela
ted compounds as DBT and MBT in pure waler (at pi=5,%) has been stludied by
us, under air purec oxygen or under purc nitrogen atlmospheres. The nalure of
the surrounding atmosphere (either 02. N2 or air) seems to play a significant
cffect, which is different Lo cach ones of Lhe slablished rates for the pho_
todegradation of organic groups following Lhe sequence of equation 1.

On the other hand, the presence of H202 species undergo retarded the ra_
te of the TBT photodegradation in comparison to its photolytic degradation
rate in pure aereated water.

REFERENCES :

1.-5.J. Blunden and A.Chapman, in "Organometallic Compounds in the Environ
ment", P.J.Craig {(Ed.)Longman, Essex (UK),{1986). -
2.-K.Duhamel, G.Blanchard,G.Doranget and G.Martin, Applied Urganometallic
Chemistry, 4 (1987) 133,

3.-Y.Hattori, water Sci. Technol., 20, 6/7 (1988) 71.

*Author to whom correspondence should be addressed
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KINETIC STUDY OF THE REACTION OF NO; WITI 1O,
A. Melloukl, R. Talukdar, A.M.R.P. Bopepedera, and C.J, lioward

NOAA, Aeronomy Laboratory, 3?5 Broadway, Boulder CO 80303 - USA
and
Cooperative Institute for Research in Environmental Sclences,
University of Colorado, Boulder CO 80309 - USA

The nitrate free vadical NO, plays a significant rola in nighttime
atmospheric chemistry. NG, is produced by the reaction between N0,
and 0,.
The reaction of NOy with HO, is of potential atmospheric interest
because of thoir coexistence in tha nighttime atmosphere, This
reaction may proceced via two exothermic channels:

NO, + HO, = 1INO, + O,
- Oll + NO, + O,

It may have an influence on both the NO; and N0, budgets and also
contribute ro the 1IN0y formation, which is one componcnt of the acid
deposition, It may also generate OHl during nighttime!'!,

Three studles of this veaction wers reported recantly‘®¥) {n only
one of them'® gvidence was given for the two channels produclng Ol and
tINO, .
? Here, we report a morve direct study of the reaction of NO, with
10, nt room temperature uslng the discharge flow laser mognotic
resonance (IMR) method. Experiments were done with NO, added in oxcess
over §10,. The 10, radicals were formed using the reaction | + 0, + M,
Thrae methods were used to produce NO,: a) F + lNO,, b) C1 + ClONO, and
¢) thermal decomposition of N,0,,

The absolute concentratiang of NOy {n the reactor werc determined
by chemlcal titration using excess of NO; NO + NO, -+ 2NO,. The
concentrations of 10,, OH and NO, were measured by means of IMR,

Since Oll was found to Le produced in the reaction of NO, with 110,,
G,FyCl was used to scavenge Olf,  The overall rate constant obtafned was
k= (3.0 2 0,7) % 107*% cm® molecule™ 57! at 298 K and P = (1.4 - 1.9)
Torr which Is in reasonable agrcement with the previous measurements.
Direct detectlion of 110, and Ot radicals and the use of three diffevent
sources of NO, enabled us to confirm the existence of the second

chanuel productng Ol

1) Piatt U,, Lo Bras G., Poulet €., Burrows J,P, and Moortpgat G,
(1990) Nature 348, 147-149,

?) Mellouk! A., Lo Bras G, and Poulet G, (1988) J. Phys, Chem, 92,
2229-2234,

3) Uall T.W,, Wayne R.P., Cox R,A., Jenkin M.A, and Hayman G, D,
(1988) J. Phys., Chem. 92, 5049-5054,

h) fwig F., Hloffmann A, and Zellner R, (1988) XV International
Symposium on Gas Kinetics, Swanasea, Unlted Kinpdom 24-29 July,
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UV Absorption Cross Sections of Formyl Bromide and Carbonyl Dibromide

H.G. libuda, F. Zabel and K.H. Becker
Bergische Universititt - GH Wuppertal, Physikalische Chenue /178 9,
5600 Wuppertal 1, FRG

Formyl bramide {CHBrO) and carbonyl dibromide (CBr,0) are intermediates i the atmo-
spheric degradation of the two most important natural brominated hydrocarbons, CH,Br and
CHBr,.

In the present work, UV speclra of both compounds have been recorded in a 480 |
chamber from Duran glass using a diode array detector and an optical pathlength of 50.4 m.
The spectra were recorded between 240 and 360 nin at a spectral resoiution of 0.6 nm, Si-
multaneously, IR spectra were taken at a resolution of 1 cmv’* using a FT-IR spectromeler.
Carbonyi dibromide was prepared by the reaction of CBr, with H,50,, formyl bromide was
produced n situ by photolysis of CH,O/Br,/N, mixtures (Niki et al., 1991). CHBrO is very un-
stable with respect to wall reactions, and product spectra had lo be corrected lor absorpti-
ons from HBr and Br,. Absolule absorplion cross sections ol CHBrO were oblained by Br
atom catalysed translormation of CHBrO o HBr and CO, calibraling the observed UV ab-
sorbance change by the simultaneous change of CO concentration as measured in the IR.

UV spectra of CBr,C and CHBIO will be compared with those of CH,O, CHCIO, and
CCI,0, and the photolysis rate constants of CHBrO and CBr,O-in the troposphere will be
eslimated.

:5 ) M A ' i ’ ) T ) 1(] ¥ T T T T ¥ T T Ll T
e ‘o W Uy <
h "6
8 ! )
‘c ‘x‘lh\’ ~' Ve
E.. /\IWJ \W\\w ol
. iy 10
S % % ol :
i \,\ 06 .
g ) \ (T3 E .
g '\_‘ vl
e 00b o ST
P R T T T 0 i W 2w0 20w aw W
Apony A fom|
Formy! Bromide {(CHBrO, prehminary) Carbonyl Dibromide {(COBr,)

UV Absorption Spectra at 298 Kin 1 bar of N, .

Gt et




PHOTOCATALYTIC DETOXIFICATION OF POLLUTED AQUIFERS:
POTENTIALS AND PROBLEMS
Detlef Bahnemann, Dirk Bockelmann, Roland Goslich and Kirsten Wolf{
Institut fuer Solarenergielorschung GmbH, Sokelantstrasse 5,
W 3000 Hannaver 1 (Germany)

Research in the area of photocatalysis has drawn the attention of many photochem-
ists aver the last ten years. The following principle is generally obeyed in all photo-
catalytic systems: electron/hole pairs are generated following the absorption of photons
by minleculss or particles (a.q. semiconductor pariicias in anuenus susnpensinn), Useful
chemical reactions can be driven if these charge carriers are separated and transferred
to two different redox couples. Originally this concept was introduced to split water into
molecular oxygen and hydrogen. Meanwhile, similar syslems have been developed lo
achieve novel synthetic pathways as well as to mineralize toxic waste materials(').
Advancements of the latier process will be reporied here.

The destruction of toxic halogenated hydrocarbons in waste water effluents or ground
waler walis is a problem of growing importance in our industrial society. Since conven-
tional methods such as chemical oxidation or microbial reatment are often not eflicient
forthe destruction of these toxins, alternative routes for detoxification are required. ithas
been shown that semiconductor particles canbe used as photocatalysts which are capa-
ble of inducing the complete mineralization of many of these hazardous compounds(?).
To judge the potentials of this method, itis necessary to understand the underlying reac-
lionmechanisms. Thus{ :einfluence of light intensity, temperature and pH on the overall
yield of the destruction of halogenated hydrocarbons in aqueous suspensions containing
titanium dioxide powder has been studied in detail, Also, we have carried out investiga-
tions 1o establish the importance of the intermediacy of hydroxy! radicals in these sys-
tems. Modals are presenied to explain the observations made with chloroform and ace-
tate as probe molecules andto enable predictions of the elficiency ol this method for*real
world” applications.

(1) D.Bahnemann, Proceedings of the 8th International Conference on Photochemical
Conversion and Storage of Solar Energy, E. Pelizzetli and M. Schiavello (Eds.),
(1991) in the press.

(2) D.Bockelmann, R. Goslich, D, Bahnemann, Proceeding of the 5th IEA Symposium
on Sofar High Temperature Technologies, P. iKesselring and O. Smerkar {Eds.),
(1991) in the press.
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Photooxidation of Anthracene in Aqueous Solution

A, Hormann, G. Manivannan, R, Pagni, M, Sigman®, and J. Wiiz

Institut fiir Physikalische Chemic der Universitiit
Klingelbergstiasse 80, Ci1-4056 Bascl, Switzerland

Benzenoid aromatic compuunds e important man-made pollutants of natural
waters. Due o their low solubilities, littie is known about the cfficiency and
pathways of phiotochicmicai degradation. We chose anthracene 1 as a iepresen-
tative compound for an cxploratory study. Flash photolysis of anthracene gives
the radical cation 1* by a biphotonic process, as has been observed also lor
naphthalene.! The radical cation 1* reacts with water or hydroxide ions to
give the alcohol radical 2 which then cither reacts with oxygen o yicld
anthraquinune 4 as a major final product or (in deoxygenated solutions)
dimerizes 1o give 5. When a continuous light source is used, biphotonic
processes can be neglected. Nevertheless still the saine products are found.
Various lincs of evidence suggest that adventitious impurities play a role in this

icaction; the quantum yicld for the decay of anthracene is approximately
tenfold in degassed solutions (®,54 = 0.012) compared o acrated solutions

(,54 = 0.001) while the quantum yicld of fluorescence is almost the same.
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LABORATORY STUDIES OF THE MECHIANISM
OF THE OXYGEN AIRGLOW

. A, Steadman and B. A. Thrush

Department of Chemistry, Universily of Cambridge, England

Laboratory studics of the oxygen airglow offer the advantage that they can
cover a piore controlled range of experimental conditions than atmospheric
measurements. In our experiments we have studied the effect of added
quenching agents on emission by O(15), Ox(A3Z J, A%Ay, and ¢!Z u) associated
with the recombination of oxygen atoms in an argon or nitrogen carrier. The
resulls of these experiments cannot be explained by the Chapman mechanism,
and provide evidence as lo the nature of the precursor Oy* in the Barlh

mechanism.

0 +M
0z + O(15)

O+0+M

The requirement in this mechanism that an added quenching agent must
quench auroral green line emission more strongly than emission by the
precursor shows that Oy(ASZ J) in vibrational levels 0 to 6 and O3(c'Z v) cannot
be the Barth precursor. Present evidence therefore favours the O2(A34 u) state as
the precursor. Quantitalive dala on these processes will be described in the paper.
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THE PHOTOCATALYSED REDUCTION OF THREE OXOANIONS

Mounir A, Malati,
Mid-Kent College of Higher and Further Education, Chatham (U.K.)

The pollutant dichromate ions were photocatalytically reduced in
dil.sulphuric acid. Their concentration was determined
spectrophotometically al 350 nm. Preliminary results showed the
catalytic effect of the anatase pigment P25 and Ventron SrTio3.

Photoplatinisation () of either powder enhanced their catalytic

effect. The effect of platinisation on the reflectance spectra is

reported. Ventron MoS2 produced fast photoreduction, presumably
augmented by reduction by "ZS’ presumably released during the
reaction, Prepared titania samples from 'I'1C13 or TiClh, undoped
3+ 3+/an+ and subjected to reductive heat
treatment were also used, after being characterised by their

reflectance spectra (2). Results using four different lamps

or doped with Cr”" or Cr

will be presented. The rates of reduction are slower than the
reduction of permanganate solution catalysed by several
semiconducting powders, when no correlation was established

between their catalytic activity and their band gap.(J)

On the other hand, the rate of reduction of aqueous Na2C03 was

slower than either of the above reductions, Doped or heat
trcated samples were less active than the undoped samples. The
yield of reduction products was. methanol > carbon >
) nys
sequence is tentatively explained, as well as the relative ease

formaldehyde with variable small amounts of formate.

of reduclion of the three anions.

(1) M.W. Rophacl and M.A. Malati, J. Photochem, Photobiol.
A46, 1989,367.

(2) W.K. Wong and M.,A. Malati, Solar Energy, 36, 1986, 168.

{3) R.J. Cobb and M.A. Malati, React. Kinet., Catal. Lett,, 21,
1982, 397.
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SPIN-TRAPPING STUDIES OF
TIE PHOTOCATALYTIC DEGRADATION OF ACETIC
AND CHLOROACETIC ACIDS IN AQUEOUS
POLYCRYSTALLINE TiO2 DISPERSIONS

A, Chemseddine* and 1. P, Bochm**

*  Iahn-Meitner Institut, Abteilung Photochemic
Glicnicker Str. 100, D- 1000 Berlin 39. F.R.G

** [nstitut fir Anorganische Chemie der Universtiit Miinchen,
Meiserstrasse 1, D- 8000 Munich 2 F.R.G

The photocatalytic degradation of acetic and chloroacetic acids
CixCH3.xCOOII ( x = 0-3 ) arc studied by the spin trapping technique. The
intermediate radicals were trapped by three spin traps, 5,5-dimethyl-1-
pyrroline N-oxide (DMPO), N- tert-butyl-o< phenylnitrone (PBN) and -
(1-oxo-4pyridyl)-N-tert-butylnitrone (POBN). Iyperfine splitting
constants were measured for several resultant radical adducts and
compared with the literature values, The acids with «-hydrogen gave
high concentrations of spin adducts., The values of the splitting constants
obtained and the absence of detectable radicals in the case of
trichloroacetic acid are in agreement with  our previous kinctic study(1).
The attack at the o«-Cll position with hydrogen abstraction is the major
contribution to the catalyzed photochemical degradation of acetic and
chloroacetic acids. The photo-Kolbe-reuaction proposcd by Kriiutler and
Bard is of sccondary importance (2), Based on the kincticc study and the
spin trapping results, the deccomposition of organic molecules in an
irradiated aqueous TiO2 dispersion is discussed.

A, Chemseddine, 11.P. Bochm, J. Mol. Catal, 60 (1990) 295-311
(2) B, Kriiutler and A. J. Bard, J. Am. Chem. Soc., 100 (1978) 5985




v-12

REACTIONS DE COMPOSES HALOGENO~CARBONYLES
D’/ INTERET ATMOSPHERIQUE

C.Balestra~Garcia, D.Scollard*, G.Le Bras, G.Poulet, H.Mac Leod

Laboratoire de Combustion et Systémes Réactifs
C.N.R.S. - 45071 Orléans Cedex 2 -~ FRANCE

* University College, Dublin, IRLANDE.

Les composés halogéno-carbonylés sont des intermédiaires
importants dans le processus d’oxydation atmosphérique des
alcanes halogénés, largement utilisés dans 1‘/industrie. Comme
ces composés peuvent transporter des atomes d’ halogéne dans la
stratosphére, il est nécessaire de déterminer leur durée de vie
atmosphérique qui est directement 1liée aux constantes de
vitesse de leur réaction avec les radicaux OH de la
tropospheére.

Les constantes de vitesse des réactions de OH avec une
série d’acétaldéhydes halogéno-substitués, CX;CHO, ont été
mesurées en utilisant 1la technique de photolyse laser-
fluorescence résonante.

Les résultats sont, a 298 K, en 10712 cm3 molécule~ts~1 :

OH + CH4CHO 17 £ 1

OH + CH,C1CHO 3.0 + 0.1
OH + CHCl,CHO 2.4 £ 0.1
Ol + CClyCHO 0.86 t 0.02
OH + CF,C1CHO 0.95 + 0.04
OH + CF,CHO 0.62 t 0.02

Certaines de <ces données constituent des premidres
déterminations absolues. Les mécanismes ainsi que les
implications atmosphériques seront discutées.

.
Fr e
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REACTIONS OF CARBONYL HALIDES OF ATMOSPHERIC INTEREST
C.Balestra-Garcia, D.Scollard*, G.Le Bras, G.Poulet, H.Mac Leod

Laboratoire de Combustion et Systémes Réactifs
C.N.R.S., 45071 Orléans Cedex 2, FRANCE

* University College, Dublin, IRELAND.

Carbonyl halides are important intermediates {n the
atmospheric oxidation process of halogenated alkanes, widely
used in industry. Since these compounds are potential carriers
of halogen to the stratosphere, it is necessary to determine
their atmospheric 1lifetime which is directly linked to their
rate constants of reaction with tropospheric OH radicals.

The rate constants for the reactions of OH with a series
of halogen substituted acetaldehydes, CX3CHO, have been
measured using the laser photolysis-resonance fluorescence
tecnnique.

The results are, at 298 K, in 10712 cn3 molecule~ls~1

OH + CH;CHO 17 + 1
OH + CH,CICHO 3.0 £ 0.1
OH + CHC1,CHO 2.4 + 0.1
OH + CCl4CHO 0.86 * 0.02
O + CF,C1CHO 0.95 * 0.04
OHl + CF4ClIO 0.62 t 0.02

Some of these data are the first absolute measurements.
Mechanistic information as well as atmospheric implications
will be discussed.
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THE PARAMETERS AFFECTING THE REDUCTION OF AQUEOUS CARBONATE
PHOTOCATALYSED BY TREAT:D SEMICONDUCTORS

Magdy W. Rophael and Laila B. Khalil
The National Research Centre, Dokki, Giza, Egypt.

Heterogeneous photocatalysed reduction of aqueous NapCO3 solution
(IM) was achieved using phthalocyanine-coated semiconductor powders
(1-3% coatings) as well as bare semiconductors. The suspensions were
irradiated with 254 nm 1ight from a low-pressure mercury lamp. The coated
phthalocyanine dyes (efther Fe2t-pc or C02+-Pc) were found to absorb
> 80% of the 254 nm radiation and thus sensitize the semiconductor.
The products of reduction were determined spectrophotometrically. The
CHa0H yilelds from coated-titania increased linearly with increasing
irradiation time over the period (6-18 h) but the line did not pass
through the origin, indicating a slowing down at times > 6 h. Both coated~-
titania pigments gave an optimum CH30H yfeld at 2% surface coating.
At higher coatings, the Pc may be screening the surface, reducing the
light reaching the semiconductor. Much higher yield of CH30H obtained
when bare MoSy was used as a photocatalyst, ascribed to the characteristic
behaviour of the semiconducting layer-type disulphide distinguished
from that of classical semiconducting materials. It seems that there
is no correlation between the position of the conduction band of the
various semiconductors studied and the yield of CH30H, such correlation
has been argued. However, a decrease in the yield of CH30H was observed
when the band gap width of the semiconductor increased. The yields of
Cl1301 photoproduced nearly increased with the percentage of 1ight absorbed
at 254 nm by the various semiconductors., Irradiation leads to the
production of electrons in the conduction band of the semfconductor,
It is likely that the photoproduced electrons reduce C032— ions initially
to HCOO™ and then to HCHO and CH30H. Other parameters likely to affect
the photocatalysed reduction (solid : solution, pH and [NapC03]) are
being studied. The photocatalysed reduction of CO2 (or C032') is of
particular interest fn view of the undesirable accumulation of CO2 in
the atmosphere which leads to the so called “greenhouse" effect.
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PHOTOCATALYTLC DEGRADATION OF SURFACTANTS FOR
ENVIRONMENTAL CONCERN IN AQUEOUS SYSTEM
ﬂi§ng_ﬂiﬂgkg: Jincai Zhuo: Nick Serponef and BLzio PelizchLi’
Meised University, Vept. of Chem., lino, Tokyo 191, Japan
2Concordin University, Dept. of Chem., Montreal, Canada

Mniversita di Torino, bDept. Chim. Anal., Torino, Italy

Aquatic pollution causcd by harmiul materials is becoming a serious
problem in a grobal scale, Since a lot of these chemicals arc difficult to
biodegrade through bacleriu, they are accumulated without decoposition in
nature for long period. We have cxtensively reported on the photodegrada-
tion of many kinds of surfactants catalyzed by TiQ, semiconductorlﬂ, .
The photocatalytic degradation will be one of the prospective methods for
ayuatic environmental protection.

Various kinds of surfactants were photodegraded catalytically by TiOz
semiconductor under both UV illumination by a llg-lamp and solar exposure
outdvors. TiO, dispersion system, glass lesds louded with TiG,, and a glass
electrode plate (5n0,) corrying a Ti0, membrane were investigated. Degrada-
tion process has been monitored Lhrough aromatic cleavage (UV absorption),
NMR, CO, evolution, intermediate [ormation of peroxides and aldehydes, pll
changes, zeta-potentinl of TiO, purticles in the dispersion and surface
activity measurcments. The spin-trupping ESR spectrs confirm the participa~
tion of «Oll radicals in the photodegradation. Surfactants cen be easily
degraded Lo mineralize to CO, at about 20 ~S0% yield. The poorly biodeyra-
dable aromatic moiety is a "target” for photodeyradation. The T10,/surfac-
tant dispersion rapidly became acidic snd the zetu-potentiul of TiO, parti-
cles shift to pusitive under UV illumination. The photlodegradation rates
decresse in the order of anlonic DBS > nonionic NPE > cationic BDDAC.

Both Ti0, catalyst and UV irradistion sre cssential [lor the degrodation of
surfactants. A possible mechanisim of photodegradation of surfactonts at
Ti0,/ water interface will be discussed.
Reference
1. 0. Hidaka, U. Kubota, M. Gratzel, N. Serponc, aml E. Pelizzetti,
Nouv. J. Chem., 9, 69 (1985).
2. lt. Hidaka, K. Ihara, Y. Fujita, S. Yamada, E. Pelizzetii, and
N. Serpone, J. Photochem. Photobiol. A: Chem., 42, 375 (198s).
3. II. Hidaka, S. Yawada, S, Suenaya, J. Zhao, N. Serpone, and
E., Pelizzetti, J. Mol. Catal., 59, 279 (19uu).
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THE PHOTOCATALYZED REMOVAL OF ORGANIC CONTAMINANTS
FROM WATER
Hussain Al-Ekabi, Tom Bolton, Gail Edwards, Wendy Holden and Joan Story

Nutech Environmental (formerly Nulite), a div. of Nutech Energy Systems, Inc.
511 McCormick Blvd,, London, Ontario, Canada N5W 4C8

Recently, we have demonstrated that the TiO, photocatalyzed destruction of
organic contaminants in water holds considerable promise in removing organic
contaminants from water streams 2, Currently, we are successfully developing a strategy
to inhibit the "hole-electron” recombination process, which is a major energy wasting step.
This strategy is based on adding electron acceptors to the reaction. These additives
should fulfil the following conditions: (1) readily accept electrons either directly from the
conduction band or from the superoxide ion, (2) rapidly dissociate into harmless products
and (3) if possible produce additional hydroxy! radicals andfor other powerful oxidizing
species, We have examined the eflects of four additives: hydrogen peroxide, potassium
peroxymonosulphate, ammonium persulphate and potassium bromate on the degradation
of organic mixtures and have found the results very promising. For instance, depending
on the individual additive, the degradation rates of mixtures of o-chlorophenol, 2,4-
dichlorophenol, 2,6-dichlorophenol and 2,4,6-trichlorophenol (10 - 40 ppm, each) are
increased by at least a factor of 10 when any of these additives are introduced into the
reactor. Similar results were obtained when other organic mixtures were examined in the
presence of these additives. With these results, the commercialization potential of this
process into a water treatinent technology becomes evident. Results of our research will

be presented and critically discussed.

1) H. Al-Ekabi, A. Safarzadeh-Amiri, W. Sifton and J. Story, Intemational J, of
Environment and Pollution, 1991 in press.

2) I Al-Ekabi, G. Edwards, W. Holden, A. Safarzadeh-Amiri and J. Story in
Chemical Oxidation: Technology for the Nineties, (Eds. J. Roth and A.R. Bowers),
Technomic Publishing Co. Inc., 1991 in press,

3) H. Al-Ekabi, A. Safarzadch-Amiri, W. THolden and 1. Story, Water Pollution

Research Joumnal of Canada, submitted.
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Kinetics of the reactionS of Cxa(X=F,Cl) with 0,
in the pressube range 0.5-8 Torr at 2985 K

N.Washida and K,Yamamoto
The National Institute for Environmental Studies
Tsukuba, Ibaraki, 305, Japan

The association of chlorofluorometlliyl radicals an(
X=F,Cl) with molecular oxygen is one of the important steps
in the oxidation process of chloréfluoromethnnes in the
stratosphere.

CXg + 03 + M = CX30, + M (1)
In this study the rate constants of reaction (1) have been
determined for CF,Cl, CFCl,, and CCl; by using laser flashpho-
tolysis-photoionization mass spectromelry with N, as the batlh
gas,

Figure 1 shuws total pressure dependence of the rate
constants k. The reactions are in their fall-off region,
vhich is consistent with the results obtained for CFCl, and
CCl, in Hel 2, The order of k; is CF,Cl- > CFCl, > CCly. The
rate constants for CCl, are rather small, one tenth of those
for CFyCl. These values are compared with corresponding
values found earlier for CF4 radicals, which are the largest
among ‘them (see Fig. 1). The smma e s

1
correlation between rate constants
within the series of reactions of o
0, with alkyl radicals and the &
ionization potential of the o 1B
radicals is not seen in chlorofluore- % ///
methyl radicals, % CFll
& 10 .
References 6
1 F. Caralp, and R. Lesclaux, 'EZ } /Efch
Chem.Phys.Lett.,102(19883)54. 9 A '/i'
2 K.R. Ryan, and I1.C. Plumb, v /('//
J.Phys.Chem. ,86(1884)4678. CCly
3 F.Caralp, R. Lesclaux, Q—
and A.M. Dognon,Chem.Phys.Lett., 0 ”’o';;r— "
129 (1886)433. Yotat Pressre(loit)
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PHOTOISOMERIZATION OF STILBENE AND AZOBENZENE DERIVATIVES
IN POLYMER FILMS : INFLUENCE ON SECOND HARMONIC GENERATION,
Jacques DELAIRE and Rafika LOUCIF-SAIBI

Laboratoire de Physico-chimie des Rayonnements, URA 75, Université de Paris Sud 91405
ORSAY (France) and ENS Cachan , 61, avenue du Président Wilson, 94230 CACIIAN
(France).

Stilbene and azobenzene-like molecules are well known for two completely different
propertics:

1. In photochemistry, there is a E-Z photoisomerization reaction, which can be followed
by a thermal Z-E back-reaction in the case of azobenzene and azobenzene-like molecules.

2. In non-linear optics, when substituted by electron-donating and electron-attracting
groups, the same molecules possess high non linear second-order hyperpolarisability (
coefficient). When they are arranged in a non-centrosymetric structure (crystal or doped
polymer film oriented under an electric field), this non linear property leads to the generation of
the second harmonics ( SHG ) of a laser frequency.

The objective of our work is to connect these two properties, i.e. to meusure the change
in } during and after photoisomerization of the molecules by a UV beam’, In order to do that,
we describe an experimental set-up which allows SHG of the fundamental of a Nd-YAG laser
by a polymer film and or. the same time UV irradiation by either a continuous beam of UV
light (xenon arc ) or a UV laser flash ( third hamonics of the same Nd-YAG laser ). SHIG is
generated in polymer films deped with the active molecules (N,N-diméthy] amino nitro
stilbene DANS or N -hydroxyethyl N-ethyl amino nitro azobenzene Disperse Red 1) and
oriented under an applied electric field of 1 MV/cm. SI1G intensity is measured and retated 1o
the second order susceptibility of the sample, which is proportionnal to N< B >, where N is
the number of chromophores per unit volume and < § > is the mean second-order
hyperpolarizability taking all orientations into account.

The Z forms of the above molecules are shown to have a lower f§ value, thus the SHG
intensity is lowered afier B-->Z photoisomerization, Based on this change, a pump-probe
technique can be applied to monitor the fast kinetics of the reaction on a picosccond time scale:
the pump signal is the third harmonics of the Nd-YAG laser (353 nm) and the probe signal is
the second harmonics generated by our sample from the fundamental (1060 nm). The first
* ansient studies will be described and discussed,
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NEW ADVENT IN PHOTOCHEMISTRY: ATOMIC FORCE MICROSCOPY
Gerd Kaupp
University of Oldenburg, Org. Chemie I, 0-2900 Oldenburg

Solid stale photolysis is a majur part in preparalive
organic pholochemistlry. 1n many cases topochemical crileria
apply, but there are important exceptions which require an
advancement of the theory.

While crystallographic data are numerous.and polar ef-
fects are highly predictive, the problem of new solid phase
formation has not been solved to a considerable extent yet.
With the very recent availability of atomic force microscopy
(AFM) solid state reactions may be studied by looking at the
crystal surfaces during irradiation. The prospects of such
studies will be discussed in terms of perspective computer
drawings.

OQur colour slides show, that unexpectedly there are
enormous material transport phenomena on the surfaces which
are usually depending on the chosen face of Lhe crystal, in
many cases. The transport may be random, or proceeding zon-
ally across the surface. The roughness of the surface may be
increased or smoothened. It will be shown, how these obser-
vations relate to the type of the abovementioned topuchemical
criteria and it will be essential to develop novel theories
for the process of new solid phase formation. These theories
must, at present, rely solely on our unprecedenled observa-

tions, in the absense of any further methods of investigation.

We will deal with oc- and B-trans-cinnamic acid, with
selected benzylidene derivatives, styrenes, stilbenes, an-
thracenes as well as with unprecedented gas/solid-photo-
reactions,

It will become apparent, that AFM will be of similar im-
portance for predictive purposes in organic solid state phn-
tochemistry as is X-ray analyses by now and that AFM is the
tool for the attack of the problem of new-phase formations.

®
&
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LASER SPECTROSCOPY AND ABLATION OF AN OPTICALLY-TRAPPED
MICROCAPSULE

Noboru Kitamura, Hiroaki Misawa, Keiji Sasaki, Masanori Koshioka
and Hiroshi Masuhara$

Microphotoconversion Project, ERATO Program, 15 Morimoto-cho,
Shimogzamo, Sakyo-ku, Kyoto 606 (Japan)

We have demonstrated that laser trapping-spectroscopy-ablation
technique is a potential means for manipulation, spectroscopic characteriza-
tion, and microfabrication of small particles in Brownian motion{}), The work
is now extended to laser spectroscopy-ablation of an individual microcapsule.

A single melamine-resin microcapsule containing pyrene (~1 x 10°2 M)
in toluene was shown to be manipulated three-dimensionally by a focused (~1
pum) laser beam from a CW Nd:YAG laser (1064 nm, ~70 raW) under an
optical microscope. TFluorescence spectroscopy of an optically-trapped
microcapsule dispersed in water can be also attained by introducing an
excitation laser pulse (355 nm, ~7 ns, 0.39 J/pulse/cm?) into the sample
solution. The pyrene excimer formation dynamics in each capsule was well
explained based on Birks kinetic model while the decay and rise/decay profiles
of the monomer and excimer [uorescence, respectively, were different with
the capsules due to concentration distributions of pyrene between the
capsules,

At the pulsed laser energy above 40  J/pulse/em?, laser ablation of an
optically-trapped microcapsule was observed, as proved by ejection of small
pyrenc/toluene droplets from the capsule into the bulk water phase. The
pyrene/toluene droplets ejected from the capsule upon ablalion was also frecly
manipulated by the 1064 am laser beam. Characteristic features of laser
trapping-spectroscopy-ablation of an individual microcapsule will be
discussed in detail.

Reference
(1) H. Misawa, K. Sasaki, M. Koshioka, N. Kitamura, II. Masuhara, Chem.
Lelt. 1479 (1990).

§ Permanent address; Department of Applied Physics, Osaka University,
Suita, 565 (Japan)
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FLUORESCIENCE DYNAMIC ANISOTROPY OFF AN OPTICALLY-TRAPPIED
MICROPARTICLLE

Keiji Sasaki, Masanori Koshioka, Hiroaki Misawa, Noboru Kitamura

and liroshi Masuhara$

Microphotoconversion Project, BRATO Program, 15 Mutunotlo-cho,
Shimogamo, Sakyo-ku, Kyoto 606 (Japan)

We recenily developed pm~subpum space- and ps time-resolved
fluorescence spectroscopy based on a confocal laser scanning microscope and
ps time-correlated single photon counting techniquel}), The system was
combined with laser trapping technique to study photochemical and
pholophysical dynamics in individual microparticles in Brownian motion'®,
In order to study further the dynamic processes occurring in small volumes,
we developed a new method for analyzing {luorescence anisotropy under a
microscope.

The conventional method is not applicable to anisotropy measurements
under a microscope, since the excitation laser light is not a plane wave and
fluorescence from a sample is collected in a large solid angle. We therefore
derived a practical theory based on a vectorial point spread function for
microscope system. The system parameters, which are used for calculating
precise anisolropy decays, as well as rotalional relaxation time and initial
anisotropy were cvalualed theoretically and experimentally. The method was
applied to determine the rotational relaxation {ime of a dye in an optically-
trapped microparticle and, therefore, to estimate the local viscosity in the
particle,

Relerences

(1) K. Sasald et al., Appl, Speciroscopy, (1990) in press.

(2) H. Misawa et al.,, Dynamics in Small Confining Systems, MRS Fall
Meceting, 1990, Boston, Extended Abstract, p.141.

§ Permanent address: Department of Applied Physics, Osaka University,
Suila, 565 (Japan)
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OPTICAL MANIPULATION AND PHOTOCHEMICAL FIXATION OF
POLYMER LATEX PARTICLES

Hiroaki Misawa, Keiji Sasaki, Masanori Koshicka, Noboru Kitamura
and Hiroshi Masuhara$

Microphotoconversion Project, ERATO Program, 15 Morimoto-cho,
Shimogamo, Sakye-ku, Kyoto 606 (Japan)

A single micrometer-order particle dispersed in solution is freely
tweezered by a focused laser beam. Now we report a new technique of
simultaneous laser trapping of plural small particles along any geometrical
pattern in solution.

Figure 1 shows spatially-patterned laser trapping of polystyrene (1 pm)
latex particles in water. Upon irradiation of a 1064 nm laser beam, latex
particles were trapped in the high laser intensity regions of the interference
pattern. When the trapping laser beam (focused ~1 pm) is repetitionary
scanned along a geometrical pattern, the particles are aligned along the
pattern as typically shown in Fig. 2. Depending on the repetition rate of the
laser beam, furthermore, control flow of the particles (i.e., clockwise,
counterclockwise, directional flow, ctc) was attained. Fixation of the spatial
pattern was also successful by in situ photopolymerization of the sample
solution,
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METAL-LOADED TiO, PHOTOCATALYZED REDUCTION
OF CO2 TO HYDROCARBONES

Osamu Ishitani, Takashi lbusuki

National Research Institute for Pollution and Resources
16-3 Onogawa, Tsukuba Ibaraki 305, (Japan)

TiO2-photocatalytic reduction of COz with water have been investigated by using
a gas-circulalion-type irradiation apparatus.

TiOz or M-TiO2 (150 mg) dispersed in 1.5 ml water was Introduced inlo a quartz
cell. After three freeze-pump-fusion cycles, 650 Torr CO2 was admitted into the cell
and the solution was irradiated at >310 nm with circulation of CO2 by a glass
pump.

By using TiO2 as photocatalyst, methane was produced as main product (Figure)
with ethane, while little amounts of formic acid, formaldehyde, and methanol were
detected after 5h irradiation. Pd and Rh deposition onto TiO2 accelerated photo-
catalyzed-methane formation, especially Pd-TiO2 showed more than ten times
higher activity than TiO2. However deposition of Ru or Pt did not enhance methane
formation.  After 5h irradiation, acetic acid was detected only for Rh-TiO2 and Ru-
TiOz as pholocatalyst but little amounts of formic acid, formaldehyde, and methanol
were detected by using any M-TiOz,
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NaOll-ETCIIING ADVANTAGE OF n-Si PIIOTOANODES
]
Guozheng Li,Shixun Wang,llucixiang and Nikola Getoff

Dept. Chem., Shandong University,Jinan(China)
* Institut fir Theoretische Chemic und Strah-
lenchemie dexr Universitidt Wien(Austria)

Photoelectrochemical cells(PECs),composed of different epi-
taxial n~Si photoanodes coated with evaporated metal film of Ni
Pt,Ni/Pt and immersed in solution with redox couple Bry/Bx~ or
Fe(CN)Z"/4" were investigated. The effect of Pt/Ni or Ni/Pt dual
£ilm annealed at 450 C on the surface of n/n*¥-81i and p/n+—Si is
of advantage, leading to an increase of the open-circuit photo-~
voltage and of the photoanodes stability./1/ A much higher con-
version efficiency of optical to electrical energy could be
achieved 1f the p/n+-Si wafer with (111) orientation is etched
in aqueous 48% IHF solution for 10 min. In the case of n/nt-si,
the efficiency of cell composed of which, is lower, and may be
due to having different junction. The V,.- value for Pt/p/n+-Si
and Pt/n/n*-Si photoanodes are essentially independent of the
electrolyte redox potential. An occurence of Fermi-level pin-
ning at surface implies that surface states with a high density
still exist in spite of surface modifications. In order to im-
prove the performance parameters of PECs above, attempts were
made to modify the photoanode surface by using various etching
methods more recently./2/ Some interesting results has been
found. The wafers were ctched in concentrated NaOH solution,in-
stead of in 48% lUr, at 95°C for 5-10 min. The advantage of n-Si
photoanodes by hot-NaOli-ctching were obscrved, for instance,

- Open circuit photovoltages as functions of potential of redox
couples for various electrolytes are shown;
- The efficiency of cell composed of n/n*-Si is also onhanced.

REFERENCES

1) S§. Wang, G.Li, II.Li and N.Getoff, Z. Naturforsch. 45a,695-710
(1990)

2) II.Li, S.Wang and G.Li, Chinesc Chcm.Lctters,j(iLzé{(1991)
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FORKATION AND PROPERTIES OF ULTRAFINE {RON PARTICLES
USING A TEA CO2 LASER

Tetsuro HAJIMA, Tossyu HIYARARA*, Koichi HANEDA=+, and Nichio TAKANI

The lastitute of Physical and Chomival Rescarch (RUKEN),
Hirosawa, Wako-shi, Saitama 351-01, Japan

shainippon Lnk & Chemicals, loe,, Sakura-shi, Chiba 285, Japan
sxlshinomaki-Senshu University, Ishinomaki-shi, Miyagi 986, Japan

We have [ound that y ~iron uliraline particles are snthesized by the
Ske-sensitized infrared photodecomposition of [e(CO)s wiLth a TEA CO2
laser,V? vy ~iron peparcd is found to be well organized spherical ultra-
fine particles with a diameter {(10nm (6.6 to 8,0nm, 7.6nm in average),
lace-centered-cubic structure, and paramagnetic at 4,2-300K, We report
formation and properties of ultraline iron particles prepared by decompo-
sition of Fe(CO)s by an SFs-photosensitized method and a diclectric break-
down method in the absence of SF6 using a TEA €Oz laser in this paper. The
properties are investigated by transmission electron micrography, teapera-
turc-dependeat X~-ray difflraction, tesperaturce-dependent saturation magnet-
fzation, and ¥Q ssbauer spectroscopy,

lron particels obtained are mixtures of y -iron, a-iron, and iron
oxides, The ratios of v -iron:a ~iron:iron oxides= 74:14:11 and 45:45:10
for the SFg-photosensitized wethod and a dielectric breakdown mcethod, re-
spectively, Therefore, the SPg-photosensitized method is found to be
superior with respect Lo synthesis of ultraline y ~iron particles in high
vield, The ratio of y-iron to a-iron changes with changing the irradia-
tion conditions such as pressures and laser fluences in the SFe~photoscn-
sitized method, The ratio )95% was obtained under Lhe appropriate condi-
tions, It should be woted that FeFz witraline particles ((10um) are ob-
tained mainly at high pressure of S¥e and high laser [lucuce.?’?

Ball~shape v -iron particles have 3-5nm diamcters composed of 2-3nm
center and 1-2nm surface layer., 7y -iron begins to transfer into a-iron
above 200°C, and necarly quantitatively into a-iron at 380-400°C, Satura-
tion magnetization of y -iron increases below 400°C, and then decreases on
heating L 595 °C. After y~-iron becomes Lo be paramagnetic at around

595C, v -iron changes o be ferromagnetic on cooling Lo room temperature,

1T, Kajima et al, J, Am, Chen, Sowe., 111, 2417 (14989)
MY Haweda ot al, Rypeefive Tareractions, H4, 561 (1990).
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VISIBLE LASER LIGHTS INDUCED POLYMERIZATION REACTIONS

Jean-Pierre  Fouassier, Shi-Kang Wu, Eliane  Chesneau

LABORATOINE DE PHOTOCHIMIE GENERALE, URA CNRS n"431, ENSCMu
3 rue Allred Werner, 68093 Muthouse Cedex , France

The efliciency of thioxanthones and ketocoumarins as photoinitiators has
been checked in visible laser light induced polymerization reactions, and
discussed in terms of excited state reactivity (as revealed by time resolved laser
spectroscopy). These compounds undergo fast electron transfer reactions in the
presence of amines and onium salts. Transient absorption spectra and rate
constants of the processes involved have been determined. The combination
photoinitiator - amine - onium salt appears as very promising for the design of

efficient photosensitive systems.

References

I, £. Chesneau, J.P. Fouassier, Angew. Makromol. Chem. 138.41(1985)

2 J.P. Touassier, E. Chesneau, M. Le Baccon, Makromol. Chem., Ropid Comm, 9,223
(1988)

3 J.P. Fouassier, S.K. Wu, 10 be published.
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NEW SUPERSTABLE MOLECULES
FOR LIGHT~INDUCED ELECTRON-TRANSFER

Heinz Durr*, Stefan Bossmann, Martin Seiler, Rudolf Hayo and

Carolin Kranz

Universitat des Saarlandes, Fachbereich 11.2. Organische Chemie,

Im Stadtwald, 6600 Saarbriicken (Germany)

A new type of Ruthenium-Sensitizers{1) on the basis of coronates

was synthesized.

0
¥ 0\__/0\,/0

Photophysical and electrochemical properties were investigated,

The coronates show extremely high photostability(z) compared to
Ruthenium~tris (bipyridyl).

The complexes were used as sensitizers in sacrificial water

reducting systems.

* Author to whom correspondence should be addressed.

(1) I.Willner, B.Willner, ontiers Supramolecu Qrganic
Chemist and Photochemistry, H.J.Schneider, H.Dirr, Verlag
Chemie, Weinheim, 1991.

(2) G.Allen, R.White, D.P.Rillemma, T.J.Meyer, J.Nagle,

J. Am. Chem. Soc, 104 (1982) 4803.
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OPTICAL INFORMATION PROCESSING WITH BACTERIORHODOPSIN AND ITS
GENETTCALLY MODIFIED VARIANTS

C. Brauchle, N. Hampp

Institut fur Physikalische Chemie, Universitat Minchen,
Sophienstrasse 11, 8000 Munchen 2

Optical data processing is a fast expanding area, allowing
massive parallel processing on the basis of nonlinear optical and
holographic methods. Photodynamical systems play an important
part as promissing materials, It will be shown that the photocye~
le of the biological photochrome bacteriorhodopsin (BR) can be
used advantageously for optical data processing and transient
storage. For this purpose the properties of BR are further
optimized by genetic engineering, opening a new way in material
science, Transient holographic techniques, optical phase
conjugation, dynamic optical filtering and optical pattern
recognition will be demonstrated with BR as molecular processing
system,
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TIME RESOLVED REFLECTIVITY AS A PROBE OF THE DYNAMICS
OF LASER ABLATION OF ORGANIC POLYMERS

George_ Paraskevopoulos, Donald L. Singleton, Robert S. Irwin,

and Rod S. Taylor
National Research Council of Canada

Ottawa Ontario, Canada K1A OR6

The interaction of KrF excimer laser pulses with
polyimide, poly(ethylene terephthalate), polystyrene,
poly(methyl methacrylate), and polyethylene has been studied
by time resolved reflectivity. The width, fluence, and peak
intensity of a KrF (248 nm) laser pulse reflected from the
polymer surface was determined over a large range of incident
laser fluences, 1 - 3000 mI/em2, The reflected pulse was
truncated once the incident fluence exceeded a critical value
(threshold), characteristic for each polymer. Above the
threshold the pulse decayed exponentially with time constants
ranging from 2 to 6 ns. The threshold fluences for pulse
truncation were usually somewhat lower than the ablation
thresholds measured photoacoustically. The results are
interpreted in terms of time dependent absorption and
scatiering f{rom particles emerging from the surface during
ablation. Our analysis suggests that, during ablation with
ns wide laser pulses, large particles are ejected initially
which are continuously reduced in size during the laser

pulse.
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PHOTOCHEMICAL PROTON-TRANSFER LASERS
Boris M.Uzhinov
Chemical Department, Moscow State University

119899, Moscow, Leninskie gory, USSR

In a photochemical laser the lasing particle is formed as
a result of the photochemical adiabatic reaction, In present
communication the general principles for the photochemical la-
sers creation have been considered, The photochemical proton-
transfer lasers have been discussed in details., The criteria
for acid-base system selection of active media for proton-trans-
{er lasers have been stated,

The regularities of lasing of proton-transfer reaction
products of oxy-, oxo=-, amino- and azaaromatic compounds have
been analyzed, The mutual negative influence of conjugated
acid-base equilibrium components of azaaromatic compounds on
their lasing effect has been detected, It results in the impos-
g8ibility of simultaneous lasing of conjugated acid-base forms

of azaaromatic compounds,

The important role of short-lived intermediates formed in
photochemical electron-transfer reactions in laser active me-
dia has been shown. The active media photostability of proton-
transfer lasers and the effect of medium acidity and basicity
on the active solutions degradation have been considercd. Some
additions to active media to increase the photostability and
efficiency of active media have been suggested.

The acid-base systems provided the wide tuning range have
been analyzed. Some recommendations to purposeful synthesis of
organic compounds for active media of photochemical proton-
transfer lasers have been given. New approach for the photoche-~
mical lasers creation to get a wide tuning range has been pro-
posed., The experimental results on the photochemical proton-
transfer lasers efficiency have been given.

St
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COMPORTEMENT PHOTOCHIMIQUE DU BOLS EXPOSL A UNE LUMIERE
DU TYPE SOLAIRE : ASPECTS MOLECULAIRES

Marie-Chrisiine Triboulot-Trouy, Danicl Masson, André Merlin ¢t Xavier Deglisc

Laboratoire de Photochimic Appliguée - ESSTIB - Universit€ de Nuncy |
BU 239 - 54506 Vandocuvre les Nancy Cedex (France)

L'étude du comportement photochimicue & la lumidie solaire du bois (Abies grandis ct
Quercus rebur) nous a permis de metire en évidence le 1dle principal des lignines et des
substances extractitles dans les différentes réactions induisunt des maodifications de couleurs de
cc matériau. En s'appuyant sur les résultats oblenus sur le camportement photochimigue des
lignines soit directement, scit A l'aide de molécules moutles, nous avons pu montrer que,
quclque soit le chromophore concerné, qu'il provienne des lignines ou des substances
extractibles, les photoproduits formés ont pour origine cxclusivement un-radical phenoxy dont
la cinétique d'apparition ¢t la stabilité ont pu étre suivies par résonance paramagnétique
¢lectronique,

Cette étude mécanistique nous permet de connaitre a priori quelics sont les étapes
réactionncles qu'il faudra défavoriser pour assurer {a stabilité de fu couleur ¢'un bois exposé au

rayonncinent solaire,
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PHOTOCHEMICAL BEHAVIOUR OF WOOD IRRADIATED WITH A
SOLAR-TYPE LIGUT : MOLECULAR ASPECTS

Mauie-Chiristine Ttiboulot-Trouy, Danicl Masson, Andié Merlin et Xavicr Deglise

Laboratoire de Photochimic Appliquée - ESSTID - Université de Nancy |
Bi* 239 - 54506 Vandoeuvre ics Nancy Cedex (France)

We have followed the photodegridition of Fir (Abies grandis) sl of eutopean Oaks
when they are irradiated with a solar-type light, This study has shown that the main
components related to the photochemical reactions leading to color changes of wood, were

lignins and extractives.

Experiments carried dircetly on lignin or on model compounds showed that, wherever
the involved chromophore came {rom (lignin or extractives), the photoproducts were

originating exclusively from a phenoxy radical,

The kincetics of appeatance and the stability of this radical have been followed by

electron spin resonance.

This study about the photociemical mecanism of photodegradation of wood, aliows to
know which are the different steps we ave to inhibit, in order to insure the stability of the color

of wood exposed to solar light,
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SYNTHESES DE POUDRES NANOMETRIQUES A BASE DE SILICIUM PAR
REACTIONS INDUITES PAR LASER

Michel LUCE, Odelte CROIX et Michel CAUCHETIER
CEA DRECAM/SPAM CEN Saclay 91191 GIF SUR YVETTE Cedex (France).

Des poudres nanométriques ont ¢été préparées & partir de
réactants gazeux chauffés par la radiation IR d’un laser co,
continu de puissance. Avec Sill; comme absorbant, des poudres de
si, sic ', si; N, et de composites Si/C/N ? ont été formées
respectivement a partir de SiHf,, de mélanges $iH, ~hydrocarbures,
sin, - NI et SiH, - Cl; NH, - Nily.Le mélange gazeux crolse
orthogonalement le faisceau laser dans un réacteur a flux croisés
sans effet de parois. Les réactions se produisent en des temps
trés courts (1-10 ms) a haute température (jusqu’d 1800°C) et avec
formation de flamme. En changeant 1les conditions de réactions
(débits et rapport des réactants, puissance laser et enthalpies
des réactions) des poudres amorphes ou cristallines & composition
chimique et taille variables sont obtenues. Dans le cas de la
synthése de SiC 4 partir de mélanges Sill - C,H, , des taux de
production supérieurs 4 100 g/h sont obtenues A& 1‘échelle
laboratoire avec de hauts rendements (> 95 %). Des méthodes
classiques sont utilisées pour la caractérisation des poudres :
spectroscopie IR, diffraction des rayons X, microscopie
électronique, méthode BET (détermination des surfaces spécifiques)
et analyse chimigque. Mais des méthodes plus sophistiquées comme
1/ESCA, 1'EXAFS, ... sont mises en oeuvre actuellement.

La densification de SiC & 97 % de la densité théorique est
atteinte par frittage naturel & 2050°C sous courani d’argon avec
une vitesse de iontée en température de 10°C/min. Les piléces
densifiées présentent des propriétés thermomécaniques améliorées’.

REFERENCES
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2. M. LUCE, O. CROIX, C.ROBERT et M. CAUCHETIER. In Ceram. Trans.,
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S8YNTHEBES OF NANOSCALE 8I-DASED POWDERS BY LASER DRIVEN REACTIONS

Michel LUCE, Odette CROIX and Michel CAUCHETIER
CEA-DRECAM/SPAM CEN Saclay 91191 GIF SUR YVETTE Cedex (France)

Ultrafine powders in the nanometric range were synthesized
from gaseous recactants heated with the IR radiation of a high
power continuous wave CO, laser. With SiH, as absorbant reagent,
si, sic', Siy;H, and Si/C/N composites? powders were formed from
neat Sil,, SiH, -hydrocarbon mixtures, Sill, -Nli; mixtures and
siu, - CH, Hil,-NH; mixtures ©respectively. 1In a crossflow
configuration cell the gaseous phase intersects orthogonally the
laser beam without wall effects. Reactions occur in very short
times (1-10 ms) at high temperature with flame (up to 18C0°C). By
changing the reaction conditions (flow rates and ratios of the
reacting gases, laser power and reaction enthalpy) amorphous to
crystalline powders with variable size and chemical composition
are formed. In the case of SiC synthesis from SiH, -C,H, mixtures,
production rate up to 100 g/h is obtained at laboratory scale with
high yield (> 95 %). Conventional methods are used for the
characterization : IR spectroscopy, X-ray diffraction, electronic
microscopy, BET method (specific surface area determination) and
chemical analysis. DBut more sophisticated methods 1like ESCA,
EXAFS, ... are in progress.

Densification of SicC at 97 % of the theoretical density is
reached by pressureless sintering at 2050°C under flowing argon at
10°C/min heating rate. Improved thermomechanical properties are
obtained in the densified parts3.

REFERENCES

1. M. CAUCHETTER, 0. CROIX and M. LUCE. Adv. Ceram. Mat. 3(6) 548~

52 (1988)

2. M. LUCE, 0. CROIX, €. RODERT and M. CAUCHETIER. In Ceram,
Trans., vol. 12, Cecramic Powder Science III, ed. G.L. Messing ct
al. pp. 267-74 (1990)

3. 0. CROIX, M. GOUNAUD, P. DERGEZ, M. LUCE and M. CAUCHETIER.

7th CIMTEC (World Ceramics Congress) Montecatini PTerme (Italy)
1990, 24-30 June.
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DETECTION OF NO IN THE POST~DISCHARGE OF
A Nz2/0: MICROWAVE PLASMA USING AN ARF LLASER
Christiane Lalo,Jean Deson,Christophe Cerveau and Roger Ben-Alm

Labotratoire de Chimie Générale UPMC-~CNRS URA 1428
Tour 55, 4 place Jussieu 75252 PARIS cedex 05

ArF Luser Induced Fluorescence (LIF) spectroscopy was applied
to the fnvesztigation of the vibratiomal temperature and
density of NO achlieved in the post-discharve of & N2-02
microwave plasma induced at 2450MHz in low pressure conditions
(P = 10mbar).

The light from a broad band excimer laser (193nm) excitez NO
molecules in the axis of the discharge tube and the dlsperced
fluoirtescence of NQ was detected at right angle of Lhe laser
Leam as the distaence o bhetween the observation point ard e
resonant cavity was varied,

The relative intensity of emission bands from NO(D,v'= 0) ard
NO(A,v'= 3) provides an estimation of the relative population
Nvsi/Nvso of vibrationnaly excited ground state molecules &
then the NO vibrationnal temperature can be Jdelernined alony
the post-discharge (Fio 1). i

A calibration curve of the NO(A,v'= 0) fluorescence signal
versus known concentrations of NO in flowing mixturas Na2/02/NO
was performed to determine density of NO(X,v"= 0) along the
post-~discharge in low temperature region :{t rasrges from 10'*
to 10'¢ molec.em-3.

Fig 1: Post-discharge of an air plasma
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FPHOTOLLKCIROPIY SECAL AND SPECIRAL CHARACIERISILCS OF SOLID-
SRATE LIGHT MENBRGY CONVERPERS BASED ON AN INORGANIC SEMICON-
DUCIOR-LLICLRICALLY CONDUCLIVE POLYMER SPRUCIURE

Vitalij D.Pokhodenko, Nikolaj F. Guba

L.V.Pisarzheveki] Instibute of Physical Chemistry of the
UkxrSSR Academy of Sciences

51 Prospect Noukl, Klev, 252028 USSR

liew solid=state converters of luminous to eleclrical ener-
2y based on an inorganic semiconductor-organlic electrlcally
conductive polymer sandwlich structure were suggested and con-
figureds The effect the nature of the inorganic semiconducior
and the organic polymer film had on the photo-cmf and the
short-circult current of cells was elucldated. Some insight
into the current-voltage characterkstics of Cdle/polymer/Au
and Si/polymer/Au devices in the daxk and uader illumination
was provided and magnitude of the photo-emf and the short
circult current ascertained as influenced by incident light
intensity, illumination time and shelf life.

With locreasing incident light intensity the photo-emf of
Cdle(polymer)Au and Si(polymer)Au cells was found to rise at
low intensities and then atbaln saturation as the incident
light intensity further enhanced. In conlirast, the cells' pho-~
tocurreat showed lincar dependence on the incident light in-
tensity. The converters developed were deninstrated to be
photosensitive in the UV, visible and noar IR spectral regi-
on. This made one believe that the devices proposed might
find application as photosensitive transducers for a wide
spectral range. The converters' major parameters - photo-emf,
short~circuit current, £ill factor and efficiency -~ were de~
termined and their fabrication conditions optimizeds. The pho-
toconverter based on the polycrystalline cadmium telluxide
and electrically conductive organic polymer has the following
specifications: photo-emf: 0.4V; short-circuit current:

24 mA/cma; £i11 factor:s 0.5; efficiencys 3.2%; spectral pho-
tosensitivity range: 260-880 nm, exbending also into the ne~
ar IR,




VII-13

THE CREATION OF THE DATABASE ON PHOTOCHEMISTRY AND LUMINESCENCE
Jacob Malkin

The Weizmann Institule of Science, 76100 Rehovot Israel

On the base of the author's monograph(!) the database is beeing created at Weizmann
Institute of Science to collect and to classify all available data on pholochemistry and
luminescence aromatic compounds. The compounds are classified by bolh
spectral-luminescent (extinction coelficients, energies and lifetimes of lower excited
states, quanlum yields of luminescence in various solvenis) and photochemical properties,
The diverse variely of photochemical reactions of aromalics is considered  assuming the
existence of 8 types of elementary photochemical processes: monomolecular
{a)photodissociation, bjcis-lrans and c)valence pholoisomerization) and bimolecular
{d)eleciron, e)proton and f)hydrogen atom transfer and g)perycyclic and
hjpholosubstitution reactions} Aromatic compounds are grouped roughly into 8 classes
(initial aromatic hydrocarbons and their alkyl derivatives; hydrocarbons with a chain
struclure; amines, oxy-, nilro- carbonyl- , halogen- and cyano-derivalives), and the
possibility of occurrence of all types ot elemeniary photoprocesses is analyzed,

The dalabase is convenient for establishment of speciral, luminescent and photochemical
properties (possibility of occurrence and efficiency) of all aromatics studied so far. Two
examples for the data representation are given below.,

Luminescence Parameters

Compound; Solvent; ¢g), tr item 197 ;11 E(S); E(T) ; ¢pn i tpn ; References

¢p and Ty are quantum yield and life-lime of fluorescence; tgy natural (calculaled) life-
ime of fluorescence; ¢r andtr are quanium yield and life-lime of triplet state; E(S) and
E(T) are the energies of Sy and T, slates; ¢p, and 1pp are quantum yield and life-time of

phosphorescence;

Photochemical Properlies

Compound; Solvent; Reagent ; Type; Products; Aex :¢; (C); Relferences

Type (see a-h); ¢ quantum yield of product lormalion by concentration of reagent (if any)

C al excilation Aex

The author inquires all the pholochemisis 1o lake part in the data collection and to send their

data to the address above

{1). Jacob Matkin, Pholophysical and Photochemical Properties of the  Aromatic
Compounds, CRC, Boca Raton, 1991
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Progress on Sacrificial Photoinduced Hydrogen Produclion

Christian Konigstein and Rupert Bauer
institut fir Physikalische Chermie, Technische Universitat Wien
Getreidemarkt 9, A - 1060 Vienne, AUTRICHE

Sacnificial hydrogen production is of great interest for the storage ol solar energy, if
the sacrilicial agent is cheap. Two dilferent systems were studied for sacrificial
hydrogen production using glucose and isopropanol as sacrilicial electron donors in
the presence or absence of sensitizers. When solutions containing 1,1",1""-trimethyl
(4,2;4" 4",6",4'" Jquaterpyridinium trichloride (1), or 1,1",1'"-triethyl[4,2":4",4",6",4"""]
quaterpyridinium trichloride (2), or 1,1",1""-tripropyl[4,2';4',4",6",4""")quaterpyridinium
trichloride (3), or 1,1",1'""'-tribenzyl{4,2";4',4"";6',4""'Jquaterpyridinium trichloride (4), a
colloidal redox catalyst (platinum, palladium), acetate bufler, and glucose were
irradiated with light (A > 280 nm) hydrogen was detected in the gas phase. In this
reaction, compounds 1 - 4 are able to combine the features of a sensilizer and an
electron relay and are therefore called relay-sensitizers. The UV-VIS spectroscopy of
irradiated solutions showed the formation of reduced radicals of compounds 1 - 4
(Apax at 580 and 630 nm). Quantum yields for hydrogen production were found to be
in the range »f 1C % (calculated for absorbed light). In contrast, irradiation of solutions
containing methyl viologen instead of compounds 1 - 4 dJid not lead to the formation
ol hydrogen even in the presence of Ru(bipy),Cl, or proltavine as additional sensitizer.
The reaction mechanism of photoinduced hydrogen production will be discussed in
detail. The electron transfer from the sacrificial electron donor (glucose or iso-
propanol} to the excited relay-sensilizer (1) - (4) is postulated as a first step. Redox
potentials of excited states were estimated by using zero-zero transition energies
(calculated from fluorescence data) and redox potentials of ground states (measured
by cyclic voltammetry); e.g. for compound 1, E* g, /s = 2.87 V.

Since compounds 1 - 4 have only weak absorbances in the visible light region (e.g.
for 1, Ayax = 450 nm, € = 12 1 mol" cm™), derivatives of fluorenone (10H-6,7,8,9-
tetrahydro(1)benzothieno(2,3-b)pyrrolizin-10-one(S1),8H-6-phenyithieno(2,3-b)pyrro-
lizin-8-one (52), 8H-methylthieno(2,3-b)pyrrolizin-8-one (S3), 8H-G-methyl-7-phenyl-
tt..2n0(2,3-b)-pyrrolizin-8-one (S4)) were developed and shown o possess stronger
absorbances in the visible region (e.g. for S1, Ayax = 458 nm, e = 460 | mof” cm™).
Compounds S1 - S4 were able to act as sensilizers for sacrificial hydrogen production
in addition to fluorenone and benzophenone ; irradiation of solutions containing S1 -
54, isopropanol (or glucose) and colloidal platinum catalyst with light (A > 280 nm)
gives small amounts of hydrogen in the gas phase. Addition of methyl viologen to
such solutions increases the quantum yields. The fluorescence and absorption
behaviour of compounds S1 - S4 were dependent on solvent and pH.
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PHOTOCHEMICAL ENGINEERING
AND SUPERCRITICAL FLUIDS

Marie-Laure Viriot, Marie-Christiane Carré, Hermansyah Aziz and Jeap-Claude André

GRAPP-DCPR-URA 328 du CNRS, ENSIC-INPL, 1, rue Grandville, BP 451, 54001 F-NANCY CEDEX

Photochemical and photophysical phenomena in supereritical fluids are still relatively
unexplored. And yet the numerous advantages described when it is used as solvent make it
attractive for studies in this ficld.

The use of superceritical fluids, such as liquid carbon dioxide and the development of
new photorcactors adapted to high pressure, were first applicd to the study of the
photoisomerization of hop & acids (humulone) into iso-¢t acids (trans iso-humutone) {1}, the
compounds mainly responsible for the bitterness of beer. This research was done with the
main objective to use liquid CO, hop cxtracts, with in mind the food industry requircments
by avoiding use of organic solvents. Morcover, the use of CO, increases the
photoisomerization rate, thanks to the low viscosity of liquid COjy; this is in agreement with
the observation that the photoisomerization of humulone is viscosity dependent (21,

Sccondly, we have considered two other photochemical reactions involving double
bond isomerizations, with the use of liquid CO, as solvent [3],

* The photochemical production of previtamins D, precursors of vitamins D, by
B-ring opening of particular steroids (plotoisomerization of a cyclohexatricne into a tricne) ;
during this study, it was shown that crgosterol was slightly soluble in CO; and even if the
reactivity of crgosterol is much greater in CO, than in ether, the mass balance of reaction
products is in counterpart lower.

* The trans-cis photoisomerization of a-ionon : the photoreaction carricd out in liquid
CO, compares very well with the one done in ethanol,,

(1] ML, VIRIOT, 1.C. ANDRE, M. NICLAUSE, D. BAZARD, R, FLAYEUX, M. MOLL
J. Insi. Brew., 8G, 21-24 (1980)
12] A, SAID, M.L, VIRIOT, J.C, ANDRE
New. J. Chem,, 11, 425-428 (1987)
(3] M.L. VIRIOT, H. AZIZ, ].C, ANDRE
In "Supercritical fluids®, Proccedings of the International Symposium, Nice, SFC, M, PERRUT,
Tome 2, 953-960 (1988)
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PHOTOCYCLIZATION IN SYNTHESIS OF

CATHARANTHINE AND ITS DERIVATIVLS

Hedvig Bﬁlcskeil, Eszter Gécs—Baitz2 and Csaba Széntay2
lchemical Works of Gedeon Richter Ltd, E~1475 Budapest, P.O.

Box 27 (Hungary).

2Central Research Institute for Chemistry Hungarian Acadeny of

Sciences H-1525 Budapest, P.0O. Box 17, (Hungary)

Vinblastine type antitumor diindole alkaloids can be
obtained starting from catharanthine 2d. In course of our
synthesis of catharan.hine and its derivatives the various
substituted ibogane skeletons (2a-c¢) have been developed from

(1'2). Depencing on the

la-¢ by photochemical ring closure
position of the ethyl substituent ana the reaction corditions

different types of rearranged byproducts were obtained /3-8/

1 N

- H -
aRRH  COCH,
b R-H, Rt

¢ R=Et, R=H

Ry

(1) Cs. Szantay, H. Bdlcskei, L. Gacs-Baitz, T. leve:
Tetrazhedron 46 16387
{?) Cs. Széntay, H. BBlcsked, N. Gics-Raltz: jbid 46 1711
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