
THIRTEENTH 
INTERNATIONAL CONFERENCE ON 

RAMAN SPECTROSCOPY 

Proceedings of the 
Thirteenth International Conference on 

Raman Spectroscopy, 
31 August - 4 September 1992 

Würzburg, Germany 

Edited by 

W. Kiefer 
University of Würzburg 

M. Cardona 
M a x P l a n c k I n s t i t u t e , Stuttgart 

G. Schaack 
University of Würzburg 

F.W. Schneider 
University of Würzburg 

H.W. Schrötter 
University o f M u n i c h 

John Wiley & Sons 
Chichester • New York • Brisbane • Toronto • Singapore 



T A B L E OF CONTENTS 

PLENARY LECTURES 

Highlights in Spontaneous and Stimulated Scattering 
B . P . Stoicheff 

Coherent Nonlinear Raman and Hyper-Raman Spectroscopy of 
Free Atoms and Ions 

N . I. Koroteev 

Raman Scattering in Semiconductor Microstructures 
G. Abstreiter 

Raman Spectroscopy of Biological Molecules: From Myoglobin 
Mutants to Biliproteins 

R . E. Hester 

Raman Spectroscopy of Semiconductor Interfaces and Carrier 
Dynamics 

/. C. Tsang 

Raman Spectroscopy of Cells and Cellular Components 
/. Greve, G. J. Puppeis, and C. Otto 

Transform-Limited Time-Resolved Raman Spectroscopy 
H. H a m a g u c h i 

The Dynamical Information in Raman Spectroscopy: Electron and 
Nuclear Motion 

E. J. H e l l e r 

Characteristics and Applications of Stimulated Raman Scattering in 
Microdroplets 

R . K. Chang a n d A . Serpengüzel 

Surface-Enhanced Hyper-Raman and FT-Raman Spectroscopy 
N. T. Yu and S. N i e 

Section 1. RAMAN THEORY 

Property Tensors of Classical Point Groups; Applications on 
Raman Effects of Higher Order and on other Problems 

/. Brandmüller 

Ab Initio Calculations in Vibrational Spectroscopy 
/. R . D u r i g 



viii CONTE'NTS 

Time Dependent Aspects of the Golden Rule for Continuum 
Resonance Raman Scattering: From Diatomic towards 
Organometallic Molecules 

M. Ganz, W. Kiefer, J. M a n z , F. Seyl, P . Vogt, 
a n d B . Warmuth 46 

Time Reversal and the Law of Reciprocity in Raman Scattering 
L . H e c h t and L . D . B a r r o n 48 

Time Reversal and Hermiticity Characteristics of Polarizability and 
Optical Activity Operators 
L . H e c h t and L . D . B a r r o n 50 

Resonance Raman Scattering of Multimode Systems; Fourier 
Amplitude Approach 

V. Hizhnyakov and I. Tehver 52 

Raman & Hyper Raman Tensors for Decagonal Point Groups 
Y. J. J i a n g , L . /. L i a o , and G. Chen 54 

Short-Time Results for Raman Scattering: Application to Inorganic 
Raman Spectra 

S.-Y. Lee 56 

Theory of Natural and Magnetic Resonance Raman Optical Activity 
O. S. Mortensen and C. Svendsen 58 

Aspects of the Many-Body Approach to the Theory of Resonance 
Raman Scattering 

J. B . Page 60 

Nonadiabatic Peculiarities in Spectra of Resonance Raman 
Scattering of Laser Radiation by Diatomic Molecules 

A . Pegarkov and I. Tugov 62 

Ab Initio Theoretical and Experimental Vibrational Raman Optical 
Activity in Methyl and Trans-Dimethyl Oxiranes 

P . L . P o l a v a r a p u , L . D . B a r r o n , a n d L . Hecht 64 

Quantum Fluctuations and Photon Statistics in Stimulated Raman 
Scattering 

V. I. Rupasov 66 

Fractional Dimensionalities of Phonon Fields in Si-Crystals after 
UV-Irradiation 

A . Je. Semjonow 68 

Raman Scattering and Molecular Dynamics 
P . Shorygin and V. Morozov 70 



C O N T E N T S ix 

Section 2. RESONANCE RAMAN SPECTROSCOPY 
Resonance Raman Contributions from Chromophores in the Raman 
Spectra of Mechanical Pulps 

U. P . A g a r w a l and R . H. A t a l l a 74 

Study of Dependence of Resonance Raman Intensity on the 
Excitation Power. The Iodine Solutions 

V. Aleksa, A . Verseckas, V. Sablinskas, and L . Kimtys 76 

Application of Ultraviolet Resonance Raman Spectroscopy to 
Drug/Nucleotide Interactions 

R . L . Benson, T. L . Gustafson, and H. H a m a g u c h i 78 

Resonance Raman Spectra of ß-Carbyne 
V. V. Berdyugin, A . K. Sokolov, and P . P . Shorygin 80 

Determination of Excited State Geometries with the Use of 
Resonance Raman Spectroscopy; Example: 3,5-Di-tert.-butyl-l,2-
benzoquinone (DBQ) 

H. Bettermann and I. Dasting 82 

Resonance Raman Spectroscopic Studies of Cobalt (II) - N -
Benzoyl Phenyl Hydroxamate Complex 

S. K. B r a h m a and S. Chattopadhyay 84 

Application of Wavepacket Theory to the Resonance Raman 
Spectra of the ChargeTransfer Complex between 
Hexamethylbenzene and Tetracyanoethylene 

B . M. B r i t t and J. L . McHale 86 

U V Enhancement of Amide Vibrations: The Structure Sensitive 
Band is an Amide V-Like Overtone, not an Amide Ca-H Bending 
Mode 

X. G. Chen, R . Bormett, D . L e m m o n , S. A . Asher, 
and Af. D i e m 88 

Detection of a Surface Modifier on an Organic Surface 
J. C l a r k s o n , A . B u r t , and W. E. Smith 90 

Resonance Raman Spectra of "Ruthenium Blues" 
W. A . Clucas, R . S. Armstrong, and K. W. N u g e n t 92 

A Resonance Raman Investigation of the Interaction of Squarate 
Ion with some Trivalent Metal Ions 

L . F. C. de O l i v e i r a and P . S. Santos 94 

Continuum Resonance Raman Scattering in Isotopically Pure 
Interhalogen Molecules 

M. Ganz, P . Vogt, and W. Kiefer 96 



A Resonance Raman Investigation of some Croconates and 
Rhodizonates in the Solid State 

N . S. Gongalves and P. S. Santos 

Protein Structural Study on Purple to Blue Conversion of 
Bacteriorhodopsin Using a New Fore-Prism U V Raman Apparatus 

/. H a r a d a , K. M i u r a , S. Hashimoto, H . Takeuchi, 
and T. I k e d a 

Resonance Raman Scattering in M B E Grown ZnSe and ZnSSe 
S. S. Islam andK. P . J a i n 

Considerations for the Determination of the Polyene Sequence 
Distribution in Degraded PVC Employing Raman Spectroscopy 

B . J. Kip, R . J. Meier, S. M . van Aaken, K. P. J. Williams, 
andD. L Gerrard 

Quantum Beats in Resonant Secondary Emission of CU2O: Raman 
Scattering vs. Hot Luminescence 

V. Langer, H . Stolz, and W. von der Osten 

Vibrational Characteristics of Phthalocyanine (PC) from Raman 
Isotope Shifts and Normal Coordinate Analysis: How Different is 
PC from Porphyrin? 

X . - Y . L i , M. K i m , S. N i e , P. Carey, N . T. Yu, 
M . Z. Zgierski, and H. H. Limbach 

Resonance Raman Study of Aggregation and Ion Pair Formation in 
Solutions of Ethyl Violet 

H . B . Lueck and J. L . M c H a l e 

Resonance Raman Enhancement for Imidazolium Ion 
M . Majoube 

Resonance Raman Spectroscopy of Mn0»4 and MnQJjf Molecular 
Impurity Centers in Alkali Halide Crystals 

T. I. Maksimova 

Linear and Non-Linear Resonance Raman Spectroscopic Studies in 
Diacetylene Single Crystals 

A . Materny and W. Kiefer 

Resonance Raman Studies of Cu(OxoOEP) and Cu(MeOEC) 
M . M y l r a j a n , L . A . Andersson, T. M . Loehr, W. Wu, 
and C. K. Chang 

Resonance Raman Study of Au-Doped Halogen Bridged Linear 
Chain Mixed-Valence Complexes of Platinum with 1,2-
Cyclohexanediamine 

U. Pilgaard, P. W. Jensen, and H. Toftlund 



C O N T E N T S xi 

The Role of Depolarization Ratio Dispersion in the Analysis of 
"Quasi-Degenerate" Excited State in cis-Polyacetylene Resonance 
Raman Scattering 

P . Sassi andR.S. C a t a l i o t t i 122 

Overtones and Combinations of Carotenoids and Anharmonicity 
Analyses 

Y. Sekimoto, H . Okamoto, and M. Tasumi 124 

Transform Analysis of the Resonance Raman Spectra of 
Anthracyclines and their Complexes with DNA 

G. Smulevich, A . R . Mantini, and M. P . M a r z o c c h i 126 

Raman Characterization of the Isomers of Copper N-Phenyl 
Protoporphyrin IX Dimethylester 

L . D . Sparks, J. R . C h a m b e r l a i n , P . H s u , B . Swanson, 
P . O r t i z de M o n t e l l a n o , and J. A . Shelnutt 128 

Assignment of Raman Active Vibrations in Ni(ü)-Octaethyl-
Tetraphenylporphyrin in a CS2-Solution 

A . Stichternath, R . Schweitzer-Stenner, W. Dreybrodt, 
C. Medforth, and K. M. Smith 130 

Raman Dispersion Spectroscopy Detects Symmetry Lowering 
Distortions from D4h-Symmetry to the Ruffled Structure of Ni(II) 
Octaethyltetraphenylporphyrin 

A . Stichternath, R . Schweitzer-Stenner, W. Dreybrodt, 
C. Medforth, and K. M. Smith 132 

Nonlinear Processes in Resonance Raman Scattering 
M. M. Sushchinskiy 134 

U V Resonance Raman Study on the Peptide-Lipid Interactions: 
Binding Modes of Enkephalins to Phospholipid Membranes 

H. Takeuchi, Y. Ohtsuka, andl. H a r a d a 136 

Resonance Raman Spectroscopy of Cytochrome c Oxidase: 
Identification of the Specific Ligands to Herne a and the Herne a$-
Cug Center 

M. M. J. Tecklenburg, J. P . Hosler, J. P . Shapleigh, 
Y. K i m , R . B . Gennis, S. F e r g u s o n - M i l l e r , 
a n d G . T.Babcock 138 

Raman Spectra and Electronic Structure of Metalloporphyrin 
Anions 

S. N. Terekhov and l. F. G u r i n o v i c h 140 

Hydrogen Bonding and Solvation Dynamics of the Amide 
Functional Group 

N. E. Triggs and J. J. Valentini 142 



xii 

Raman Excitation Profites of Ni(II) Porphin in a CS2-Solution: A 
Test to the Four-Orbital Model 

E . Unger, U. Bobinger, R . Schweitzer-Stenner, 
and W. Dreybrodt 

Mechanism of Photo-Oxidation and Photo-Reduction of some 
Porphyrins Monitored by Resonance Raman (RR) Technique 

A . L . Verma 

Effect of Molecular Interactions on the Polarization of RRS in 
Liquid Crystals 

S. Yakovenko, R . I g n a t o v i c h , and J. Pelzl 

U V Resonance Raman Depolarization Ratio Studies of Herne Vinyl 
Groups in Model Herne Complexes 

S. A . Asher and V. L . D e V i t o 

Section 3. TIME-RESOLVED RAMAN 
SCATTERING, TRANSIENT SPECIES 

Time-Resolved Raman Scattering of Hot Phonons 
A . C. A l g a r t e , A . R . Vasconcellos, a n d R . Luzzi 

Nanosecond Time-Resolved Raman Spectroscopy as a Probe for 
Picosecond Time-Domain Transients in Metalloporphyrin Solutions 

P . A . Apanasevich and S. G. K r u g l i k 

The Dynamics of Intermolecular Binding and Release of Copper-
Porphyrins in Solutions Revealed with Time-Resolved Resonance 
Raman Spectroscopy 

P . A . Apanasevich, S. G. K r u g l i k , V. A . O r l o v i c h , 
and V. V. Kvach 

Time-Resolved Resonance Raman Spectroscopy of Transient 
Indolinospironaphtoxazine Photomerocyanines 

J. Aubard, G. Buntinx, R . Dubest, P . Levoir, J. P . M a r s a u l t , 
G. U v i , A . Samat, A . K e l l m a n n , F. Tfibel, 
and R . Guglielmetti 

Spectroscopic Studies of the Excited State T^ of 4-Nitropyridine N-
Oxide and its Deuterated Derivative 

F. Briffeaut-Le G u i n e r , P . P l a z a , a n d N . Q. D a o 

Ultrafast Time Resolved Raman Spectroscopy: Applications to the 
Study of Solvent/Solute Interactions 

T. L . Gustafson, W. L . Weaver, L . A . H u s t o n , 
R . M. Butler, and D . L . M o r r i s , Jr. 

Picosecond Time-Resolved Raman Spectroscopy of Solvent 
Dependent Structural Relaxation of Excited Molecules 

K. I w a t a and H. Hamaguchi 



C O N T E N T S xiii 

Transient Raman Spectroscopy of Chlorophylls 
Y. Koyama and E A . N i s h i z a w a 166 

Time-Resolved Resonance Raman Study of N , N , N ' , N ' -
Tetramethyl-p-Phenylenediamine: Structure of the Sj State and 
Photoionization in Nonpolar Solvents 

T. K u r o d a , H. H i u r a , and H. Takahashi 168 

Time-Resolved Resonance Raman Spectra in Copper-Porphyrins 
Triplet States 

V. V. Kvach and V. A . O r l o v i c h 170 

Time-Resolved Raman Study of the Photoionization of Biphenyl 
and Related Compounds 

Y. Sasaki, Y. Koike, and H. H a m a g u c h i 172 

Time-Resolved Resonance Raman Study of the Lowest Excited 
Singlet and Triplet States of Free-Base Porphyrins 

S. Sato, K. Aoyagi, and T. K i t a g a w a IIA 

Evidence for Initial Mode-Selective Energy Localization in the 
Herne of Photoexcited Deoxyhemoglobin 

M. C. Schneebeck, R . G. A l d e n , S. Courtney, 
J. M. F r i e d m a n , D . Trujillo, and M. R . Ondrias 176 

Coherence and Relaxation in Time-Resolved Light Scattering from 
Excitons 

H. Stolz 178 

Transient Raman Spectra of Tetraphenylethylene in the "Twisted" 
Lowest Excited Singlet State 

T. Tahara and H. Hamaguchi 180 

Polarization Properties of Raman Photon Echo in Gases 
/. V. Yevseyev and V. A . Reshetov 182 

Section 4. NON-LINEAR RAMAN SPECTROSCOPY 

Vibrational Relaxation in Highly Excited SF5 and SiF4 Molecules 
S. S. Alimpiev, A . A . Mokhnatyuk, B . G. Sartakov, 
V. V. Smirnov, and V. I. F a b e l i n s k i i 186 

Measurement of Vibrational Lifetime in Gaseous H 2 using 
Stimulated Raman Scattering 

V. Ananiev, A . Lobanov, A . L y t k i n , A . Suchkov, 
a n d A . H y r b u 188 

The Elimination of Signal Fluctuations in CARS of Weak 
Resonances in Liquids 

P . A . Apanasevich, V. P . Kozich and A . I. Vodchitz 190 



xiv C O N T E N T S 

Picosecond Time-Resolved Coherent Raman Scattering from 
Biophysical Systems 

G. H . Atkinson 192 

High Resolution Raman Spectroscopies: 
Recent Performances and Limits of SRS, CARS and PARS 

H. Berger, B . Lavorel, G. M i l l o t , M. Rotger, R . S a i n t - L o u p , 
R . C h a u x , and G. R o u i l t e 194 

High Resolution q-cw SRS Spectrum of 1 2 CH4 in the Region of 
the Level Crossing between V] and v 2 + V4 

D . Bermejo,J. Santos andP. Cancio 196 

High Resolution Stimulated Raman Spectrum of Ethane V3 Band 
D . Bermejo, J. Santos, P . C a n c i o , J. M. Ferndndez-Sdnchez, 
andS. M o n t e r o 198 

Degenerate Four Wave Mixing of OH in a High Pressure Flame 
H. Bervas, B . A t t a l - T r e t o u t , S. L e Boiteux, and J. P . T a r a n 200 

The Hydrogen Exchange Reaction: CARS Measurements of 
Vibrational Energy Transfer and Product State Energy Distributions 

T. Bouche, T. D r e i e r , and J. Wolfrum 202 

Coherent Raman Studies of C 0 2 Clusters 
K. W. B r o w n , A . D . Richardson, N. H. R i e h , 
a n d J . W . N i b l e r 204 

Temperature and Concentration Sensitivity of Nitric Oxide CARS 
Spectra 

D . Brüggemann, A . K u r t z , U. Giesen, and S. Heshe 206 

Method for Calculation of SRS and CARS Parameters on Multi­
Level Systems Driven by the Strong Bichromatic Field 

A . F. B u k a t i n , M. B . Mysenko, S. K. Potapov 208 

Transitions Induced by Motion in Coherent and Stimulated Raman 
Scattering 

A . F . B u k a t i n and S. K. Potapov 210 

CARS Measurements in a Supersonic Hydrogen-Air Ramjet 
Combustion Chamber 

W. Clauß, R . Söntgen, A . F e i n a u e r , R . G u e r r a , C h . L a i b l e , 
F. Winnemeier, and W. Waidmann 212 

Overtone and Double Electronic Resonance Enhanced CARS in the 
NaH Molecule 

R . R . B . C o r r e i a , S. L . C u n h a , M. Motzkus, G. Pichler, 
K. L . Kompa, and P . Hering 214 



C O N T E N T S 

Background Suppression in Surface CARS Spectroscopy 
W. P . de Boeij, H. S. Kanger, G. W. Lucassen, K. Otto, 
andJ. Greve 

Temperature Mapping of Hydrogen-Oxygen Flames by Multiplex 
CARS 

A . A . Devyatov, S. A . D o l e n k o , and V. V. Nefedov 

New Method of Referencing in Multiplex CARS Measurements 
A . A . Devyatov, S. A . D o l e n k o , and V. V. Nefedov 

Narrow-Band BOXCARS Applied to C 0 2 Laser Discharges 
T. D o e r k , J. Ehlbeck, P . J a u e r n i k , J. Stahco, 
and J. Uhlenbusch 

Spectral Width and Shift of Collapsed Q-Branch of Molecular 
Oxygen and Oxygen/Argon Mixtures at 295 K 

T. D r e i e r and G. Schiff 

Coherent Anti-Stokes Raman Studies of U.V. Laser Induced Gas 
Phase Dissociation of Benzene 

R . F a n t o n i , M. G i o r g i , K. E . L i p i n s k a - K a l i t a , 
and A . G.G. M o l i t e r n i 

High-Resolution Resonant Degenerate Four-Wave Mixing 
Spectroscopy 

R . L . F a r r o w , R . L . Vander Wal, and D . J. Rakestraw 

Applications of Nonlinear Raman Spectroscopy to Molecular Beam 
Studies 

P . M. F e l k e r , B . F . H e n s o n , V. A . V e n t u r o , 
and G. V. H a r t l a n d 

Time-Domain CARS of Atomic Thulium. 
Analysis of Experimental Results 

F. Sh. G a n i k h a n o v , D . V. Kolomoitsev, I. G. Konovalov, 
V. B . Morozov, S. Yu. N i k i t i n , and V. G. Tunkin 

CARS-Spectroscopy of Poly(Vinyl Toluene) 
G. B . Hadjichristov and P . P . K i r c h e v a 

Raman-Induced Kerr Effect Spectroscopy of Discharge Excited 
Molecules and Molecular Ions 

J. P . H o l d e r , P . B h a t i a , andJ. W. Keto 

Coherent Hyper-Raman Scattering Spectroscopy of Autoionizing 
States of Copper Atom in Electric Discharge Plasma 

O. S. Ilyasov, N . I. Koroteev, and A . M. Zheltikov 

PCARS (Partially Coherent Anti-Stokes Raman Scattering) 
- Concentration Dependence and the Mechanism 

T. Ishibashi and H. Hamaguchi 



xvi CONTE.NTS 

Transient Resonance CSRS Study of Solvent-Induced 
Photoionization of Diphenyloctatetraene 

T. K a m i s u k i and C. H i r o s e 242 

Phase Match in Multiplex CARS of Condensed Media 
P . P . K i r c h e v a and G. B . Hadjichristov 244 

The Limitations of ROA-CARS Measurements 
H. P . Kraus and F. W. Schneider 246 

Interference Effects in the Coherent Anti-Stokes Raman Scattering 
Intensity in Thin Samples 

P . K u k k 248 

Investigations of Resonance CARS Studies on the MnO^-Ion 
Doped in KC104-Single Crystals 

M . Leuchs and W. Kiefer 250 

Interference of Atomic States Studied by Time-Domain CARS 
V. Morozov, V. Tunkin, and I. Konovalov 252 

Temporally Resolved Resonance CARS Studies of Reactive 
Collision Between Na(3p,4d,5s) and H 2 

M . Motzkus, R . R . B . C o r r e i a , S. L . C u n h a , G. Pichler, 
K. L . Kompa, and P . Hering 254 

CARS Temperature Measurement in a Turbulent Natural Gas 
Diffusion Flame Compared to Theoretical Predictions 

A . A . Neuber, J. W. H a r t i c k , and E. P . Hassel 256 

Application of Femtosecond Time-Resolved CARS: Observation of 
Vibrational Dephasing as a Probe of Intramolecular and 
Intermolecular Dynamical Processes 

H. Okamoto, R . I n a b a , K. Y o s h i h a r a , and M. Tasumi 258 

Resolving the Secondary Structure in Amide I Bands of Proteins by 
Polarization CARS 

K. Otto, G. W. Lucassen, W. P . de Boeij, A . Chikishev, and 
J. Greve 260 

Resonance and Non-Resonance CARS Spectroscopy in Na+H 2 

G. Pichler, R . R . B . C o r r e i a , S. L . C u n h a , M. Motzkus, 
K. L . Kompa, and P . Hering 262 

Resonant Hyper Raman Scattering in C u 2 0 
K. Prokhorov, K. O n d r i a s h , and L . Zubkova 264 

A New Technique of Coherent Raman Spectroscopy: Polarization-
Controlled 3-Colour CARS on the Femtosecond Time Scale 

H. - G . Purucker, W. Li, and A . L a u b e r e a u 266 



C O N T E N T S xvii 

CSRS Measurements of Species Present in a Carbon Tetrachloride 
Parallel Plate RF Plasma 

R . Rodriguez, M. Huett, J. F i n c k e , and F . Wells 268 

Antiresonances in Hyper-Raman Excitations Spectra 
E . N. Svendsen and S. Hassing 270 

Determination of Frequency Shifts and Bandwidth Changes by 
CARS Difference Spectroscopy 

A . Weippert and W. Kiefer 272 

Time Resolved CARS Spectroscopy of Methine Dyes 
W. Werncke, M . Pfeiffer, A . L a u , and W. Frey er 274 

Hyper Raman Scattering by Optical Phonons and Polaritons in CdS 
and ZnSe Crystals 

L . Zubkova, K. Ondriash, P . Pashinin, Yu. Polivanov, 
K. Prokhorov, and V. Tselikov 276 

Section 5. VIBRATIONAL ANALYSIS AND 
MOLECULAR STRUCTURE 

Polarised Raman and IR Spectra of M ^ i H ß C X O ^ Type Single 
Crystals 

J. B a r a n , M . K. M a r c h e w k a , and H. Ratajczak 280 

Vibrational Study of Nicotinic Complexes with Different Central 
Ions 

H. Barahska and W. Lewandowski 282 

Raman Spectra of Ionic Solvation of LiCKI>4 in Propylene 
Carbonate 

D . Battisti, G. A . N a z r i , andR. Aroca 284 

A Raman and Infrared Spectroscopic Study of Nickel (II) Malonate 
in the Solid State and in Aqueous Solution 

R . I. Bickley, H. G. M. Edwards, A . Knowles, 
R . E. Gustar, D . J. M i h a r a , and S. J. Rose 286 

Vibrational and Conformational Properties of 
Chloromonophosphazenes: MNDO Calculations, Raman Spectra 
and Normal Coordinate Analyses 

D . Bougeard, C. Brämard, R . D e Jaeger, and Y. Lemmouchi 288 

Conformational Stability of Linear Short-Chain and Macromolecule 
Polychlorophosphazenes: MNDO Calculations, Raman Spectra and 
Normal Coordinate Analyses 

D . Bougeard, C. Brimard, R . D e Jaeger, and Y. Lemmouchi 290 

Hydrogen Versus Deuterium Hydrogen Bonds to Hydrated 
Carbonate Ion 

M. H. Brooker 292 



xviii C O N T E N T S 

On the Vibrational Spectrum and Molecular Geometry of 
2,2 ,-Dipyridylamine 

S. Chattopadhyay, T. Ganguly, M. D e b n a t h , S. K. S a r k a r , 
S. S a r k a r , and P . K. Mallick 294 

Vibrational Analysis of some Charge Transfer Compounds 
N. Q. D a o 296 

Vibrational Investigations of Glucose Anomers in the Solid State 
using Visible and Ultra-Violet Raman Spectroscopies: 
Characterisation on the Anomeric Bands 

M . Dauchez, P . Moenne-Loccoz, W. L . Peticolas, 
and G. Vergüten 298 

Raman Study of Crystalline Sulfamide 
V. de Z e a Bermudez, G. Lucazeau, L . Abello, 
and C. Poinsignon 300 

Ramein Spectra and Conformational Stability of Chloro- and 
Fluorocarbonyl Isocyanate 

J. R . D u r i g , J. F. S u l l i v a n , K. Krutules, H. V. P h a n , 
a n d H . D . S t i d h a m 302 

FT-IR and Raman Spectroscopic Studies of a Zinc Diisocyanate 
Dipyridine Complex 

H . G. M. Edwards, D . W. F a r w e l l , I. R . Lewis, 
and N. Webb 304 

Vibronic Structure of Adenine Ring Derived from U V Resonance 
Raman Excitation Profiles of ATP 

A . V. Feofanov, R . G. Efremov, and 1. R . Nabiev 306 

The Conformational Problem of C H 2 D C H 2 D and C H D 2 C H D 2 

Studied Through Raman Spectroscopy 
/. M. Fernändez-Sänchez and S. M o n t e r o 308 

The Study of OH-Stretching Raman Band in Crystal Hydrates and 
Aqueous Solutions 

E . M. Filippova and 5. V. Patsayeva 310 

Raman Study of the Vibrational Spectra of R 3 SiO(SiR 2 0) n SiR 3 

Compounds (R=H, C H 3 and n=0,4) 
7. Gnado and P . D h a m e l i n c o u r t 312 

Raman Monitoring of Reaction between N,N'-Di(p-Methyl) 
Monothioxamides and 1,3-Diamine Trimethylene 

R . A . G u , X. K. H u , Z. F. He, K. Q. Chen, and D . Q. Sun 314 

Raman Spectra and Conformational Stability of the Difluoroacetyl 
Halides 

G. A . G u i r g i s , H. V. P h a n , T. A . M o h a m e d , H. D . Stidham, 
a n d J . R . D u r i g 316 



C O N T E N T S xix 

Laser Raman Scattering Studies and Vibrational Analysis of 
Phosphorous Oxydibromide Fluoride 

S. G u n a s e k a r a n and M. R . K u m a r i 318 

Raman Study of Eight-Membered Titanium and Germanium 
Containing Siloxane Rings 

A . Haoudi-Mazzah and P . D h a m e l i n c o u r t 320 

Low- Frequency Raman Spectrum of Pyrazinic Acid 
A . K. K a l k a r and N. M. Bhosekar 322 

Vibrational Spectra and Conformations of l,4-Diiodobut-2-yne and 
2,3-Diiodo-1,3-Butadiene 

A . Karlsson, P . Klaeboe, and C. J. Nielsen 324 

Vibrational Characteristics of Tetratenzoporphyrin (TBP) from its 
Resonance Raman, FT-Raman, FT-IR Isotope Shifts and Normal 
Coordinate Analysis: TBP is a Bridge Between Porphyrin and 
Phthalocyanine! 

X.-Y. L i , L . A . Lipscomb, C. K. C h a n g , and N. T. Yu 326 

Raman Spectra and Conformational Analysis of 
Trans-1,3-Dichloropropene 

T. S. L i n i e , T. G. Costner, G. A . G u i r g i s , D . T. D u r i g , 
a n d J . R . Durig 328 

Vibrational Spectra of Li4[Rh(S03)3(OH2)3](OH) and the Normal 
Coordinate Treatment oifac - [Rh(S03)3(OH2)3]3-

A . Maurer and D . K. Breitinger 330 

Experimental and Theoretical Infrared and Raman Study of 
1,5-Cyclooctadiene 

J. Mink, A . Stirling, R . H a r g i t a i , X. Z h o u , and P . Pulay 332 

A n Analysis of the Vibrational Spectra, Force Field and Structures 
of Dinuclear Alkylrhenium Oxides 

J. Mink, Cs. N e m e t h , L . M. Mink, W. A . H e r r m a n n , 
R . W. A l b a c h , and J. Behm 334 

FTIR and Raman Spectra of 2-Benzimidazole Thiol and its 
Vibrational Analysis 

S. Mohan and K. Settu 336 

Vibrational Spectra and Normal Coordinate Calculation of 
Acrylamide 

S. Mohan, N. Sundaraganesan, a n d A . Bigotto 338 

U V Resonance Raman Spectra and Vibrational Assignment of In-
Plane Normal Vibrational Modes of 2-Aminoadenine and its 
Deuterium-Substituted Species 

P . Mojzes, J. F l o r i a n , L . Chinsky, P.-Y. Turpin, 
andJ.Stipdnek 340 



XX C O N T E N T S 

Torsional Raman Spectroscopy of Ethane Species 
S. M o n t e r o 342 

Raman and Infrared Studies of Hydrazinium Perchlorate 
M . Mylrajan and T. K. K. Srinivasan 344 

Raman Study of M n ( A u v F 6 ) 2 * nKrF 2 Compounds 
S h . S h . Nabiev 346 

Low Frequency Vibrational Spectra of Cp2M(ii-S)2MCp2 (M=Zr, Hf) 
C.-S. N i e , C. M a o , Y. Tan, D . - L . Deng, and Z.-Y. Zhu 348 

The Method of Fourier Derivation for Resolution of Water Raman 
Spectra 

S. V. Patsayeva 350 

Vibrational Spectra and Ion Complex Structure in Solutions 
/. S. Perelygin and G. P . M i k h a i l o v 352 

Factor Group Splitting in the v(CO) Region of Polycrystalline 
Tetracarbonylcomplexes of Molybdenum 

U. Posset, V. Decken, and W. Kiefer 354 

Conformation Dependence of the SH and CS Stretch Frequencies 
of the Cysteine Residue in Proteins 

W. Q i a n and S. K r i m m 356 

The Conformation of Butanoate Ion in Aqueous Solution 
N . R a a d a , R . Gaufris, J. M a i l l o l s , J - L . Bribes, 
C. Montginoul, and L . G i r a t 358 

Intra Molecular Force Fields for some Tetrahedral Oxoanions 
V. K. Rastogi, H. P . M i t a l , A . N . Pandey, and S. B h a r d w a j 360 

Force Constants and Bond Polarizability Derivatives of some Planar 
X Y 3 Type Molecules 

V. K. Rastogi, R . C. Tomar, B . L a l , and A . N . Pandey 362 

The O H Stretching Vibrational Raman Profile of 
2,2,2-Trifluoroethanol in the Gas Phase 

D . Schiel and W. Richter 364 

Assignments of C=G Bending Modes in Uracil Derivatives 
R . Shanker, R . A . Yadav, I. S. Singh, and O. N . Singh 366 

The Crossing of Anisotropie and Isotropie Raman Components in 
the Intermolecular Resonance Coupling of Vibrations 

A . Sokotowska and Z. K $ c k i 368 

Potential Energy Function for Olefins from Ab Initio Calculations 
T. Sundius, K. Palmö, a n d L . - O . Pietilä 370 



C O N T E N T S xxi 

Molecular Interactions of Some Aromatic Aldehydes, Ketones and 
N-Methyl-Imines 

J. Szoke 372 

Degradation of Trans-Polyacetylene Düring Non-Iinear Optical 
Experiments Probed by Raman-Scattering 

R . Uitz, P . Knoll, K. F i e d l e r , G. Leising, and F. Stelzer 374 

Vibrational Analysis of the Fermi Transitions in Carbon Dioxide 
vdW Dimers - a New Way to Assign the C 0 2 Doublet 

A . Vigasin and E. T a r a k a n o v a 376 

Spontaneous Raman Spectroscopy of the Carbon Dioxide 
Associates in Free Jet Expansions 

A . Vigasin, A . Denisov, and M. Pustygin 378 

Raman Spectra of Zinc with Cl , O, N and S Coordination 
R . Wagner and H. H. Eysel 380 

Raman Spectroscopic Studies of Urea Protonation 
N. Wen and M. H. Brooker 382 

Vibrational Spectroscopic Study of Amphiphilic Model Compounds 
Based on the Ab Initio M O Calculation 

H. Yoshida, K. T a k i k a w a , I. Kaneko, and H. M a t s u u r a 384 

Section 6. BAND SHAPES, DYNAMICS 

Far Rototranslational Isotropie Light Scattering from Gaseous 
Nitrogen 

T. Bancewicz, V. Teboul, and Y. L e Duff 388 

Raman Study of Fermi Resonance in Biphenyl 
G. B a r a n o v i c a n d D . Beksic 390 

Consequences of Angular Momenta Coupling on Generalized 
Spectroscopic Relaxation Cross-Sections: Collisional Narrowing in 
Isotropie and Anisotropie Raman C 0 2 Branches 

L . Bonamy, J. Bonamy, D . Robert, and S. Temkin 392 

A Comparative Analysis of Band Shapes of Phenylring Libration of 
Styrene Oligomers and Polystyrene 

Ch. Borsdorf, Th. Dorfmüller, F. Strehle, and E . Zoidis 394 

Raman Spectroscopic Studies of Vibrational Relaxation and 
Chemical Exchange Broadening in Binary Mixtures of Pyridine and 
Ethanol 

M. I. Cabaqo, M. Besnard, andJ. Yarwood 396 

Raman Studies of Phonon Lifetimes in Molecular Crystals 
S. Califano 398 



xxii 

Relational Relaxations and Molecular Dynamics in C H 3 X 
Molecules in Liquid Phase Studied by Raman and Rayleigh 
Scattering 

M . G. G i o r g i n i , A . M o r r e s i , L . M a r i a n i , G. P a l i a n i , 
a n d R . S . C a t a l i o t t i 

Raman Spectroscopic Study of Urea in Aqueous Solution 
X . H o c c a r t , M . - C . D h a m e l i n c o u r t , and G. Turrell 

Molecular Relaxations in Dimethyldichlorosilane from Raman Band 
Shape Studies 

T. I l i e s c u , f. B r a t u , R . G r e c u , and D . M a n i u 

Anomalous Noncoincidence Effect in Molten Salts 
5. A . K i r i l l o v 

Low Frequency Raman Scattering of Supercooled Fragile Liquid 
near the Glass Transition 

M . K r a u z m a n , C. Simionesco-Alba, and N . Toupry 

The Interaction-Induced Light Scattering Spectrum as a Source of 
Information for the Pair Interaction Potential of SFß 

N. M e i n a n d e r 

Collisional Broadening, Line Shifting and Line Mixing in the 
Stimulated Raman Pentad Q-Branch of Methane 

G. M i l l o t , B . Lavorel, and J. I. Steinfeld 

Intermolecular Interactions in Hydrogen Bonded Amides. Low 
Frequencies and Carbonyl Stretching Bands 

O. F. Nielsen , O. H. Rasmussen, a n d D . H. Christensen 

High-Resolution Raman Investigation of Hybrid Bound-States in 
Molecular Crystals: 1 2 C 0 2 , 1 3 C 0 2 , 1 2 ( C 0 2 ) x (N 2 0 ) 1 . x 

R . O u i l l o n , P . Ranson, B . P e r r i n , J.-P. Lemaistre, 
and J. J. Andueza 

Deconvolution by Extrapolating the Measured Linewidths at Few 
Slit Widths 

C. M. P a t h a k , S. N. S i n g h , R . K. S i n g h , and B . P . Asthana 

Low Frequency Raman Scattering from Styrene Polymerization in 
Solution with CS2 

N . Pesce da S i l v e i r a , C. Batz, H. Stassen, 
and Th. Dorfmüller 

Study of Molecular Orientational Relaxation in Liquid Crystals by 
means of Resonance Raman Spectroscopy 

V. Ratchkevitch, S. Yakovenko, and J. Pelzl 



C O N T E N T S xxiii 

Resonance Energy Transfer in Non-Isotopic Binary Mixtures - a 
Raman Study of the Methyl Iodide/Acetone System 

V. M. Shelley and J. Yarwood 424 

Shifting and Broadening of the Raman Q Branch of D 2 Broadened 
by D 2 and He 

P . M. S i n c l a i r , J. W. F o r s m a n , M. L e F l o h i c , C. M a i e r , 
P . D u g g a n , J. R . D r u m m o n d , and A . D . May 426 

Section 7. BAND INTENSITIES 

Raman Band Intensities and the Intermolecular Interactions 
Influence on the IR Spectra 

S. K h . Akopyan and I. A . Boyarskaya 430 

Raman Band Intensities of the Substituted Cyclopropenes 
/. A . Boyarskaya and S. K h . Akopyan 432 

On the Transferability of Raman-Intensities: Trace Scattering and 
Trace-(dcx/dr) 

H. H. Eysel 434 

Pressure and Density Dependence of the CH4 and N 2 Raman Lines 
in CH4 - N 2 Gas Mixtures 

D . Fahre, F. Cansell, a n d B . Oksengorn 436 

The Polarizability Tensor of Hydrogen Sulfide and its Derivatives 
/. M. Ferndndez-Sdnchez and W. F . Murphy 438 

Electronic Raman Scattering in Halogen Atoms: Observation of 
Hyperfme Structure 

M. G a n z and W. Kiefer 440 

Angular Dependent Raman Spectra of an Uniaxial System 
D . Göttges and W. Kiefer 442 

High Pressure Raman Study of Fermi Resonance Spectrum in 
C 0 2 - N 2 Mixture 

A . H a c u r a and R . Wrzalik 444 

Reproducibility of Raman Intensity Measurements in Gas Phase 
P . Huguet, R . Gaufris, D . Boya, and J. Lafforet 446 

Rovibrational Raman Spectrum of Dimethylacetylene in the Gas 
Phase 

P . Meßler, S. Eppinger, H. W. Schrötter, and K. S a r k a 448 

Intensity Analysis of p-C^H^C^ 
G. N. R a n i , K. R . B a b u , and K. R a v i n d r a n a t h 450 



xxiv C O N T E N T S 

Effective Polarizability Derivatives of C S 2 in Liquid Mixtures with 
CC1 4 

F. Strehle and Th. Dorfmüller 452 

Section 8. B I O L O G I C A L S Y S T E M S 

Raman Spectroscopy of Native Lignin: Raman Bands Associated 
with C=0, C=C and Phenyl Groups 

U. P . A g a r w a l and R . H. A t a l l a 456 

Molecular Force Field for the Glycan Moiety of Glycoproteins: N -
Acetyl-Alpha-D-Glucosamine and Beta-D-N-Acetyl-Neuraminique 
Acid 

/. A l i x - K o u a c h , M. Dauchez, P . D e r r e u m a u x , 
and G. Vergoten 458 

Infrared, Raman and Pre-Resonance Raman Spectra of 
Vanadyl(IV) Tetraphenylporphyrin 

E . J. B a r a n , A . H. Jubert, and E. G. F e r r e r 460 

Vibrational Raman Optical Activity of Biological Molecules 
L . D . B a r r o n , L . Hecht, Z. Q. Wen, S. J. F o r d , A . F. B e l l , 
andA.Cooper 462 

Raman Spectra of Snake Skin 
B . W. B a r r y , H. G. M. Edwards, D . W. F a r w e l l , 
and A . C . Williams 464 

Vibrational Spectra and Parameters of the Urey-Bradley-
Shimanouchi Potential Energy Function for L - X (X=THR, V A L , 
ILE, L E U , ASN) Amino-Acids 

M. B e l a i c h a and G. Vergoten 466 

Polymorphism of DNA in Crystalline Complexes with Hexamine 
Cobalt (III) Revealed by Raman Spectroscopy: Kr-Laser (647.1 nm) 
Excited Spectra of d ( 5 B r C G A T 5 B r C G ) and d(CGCGATCGCG) 

/. M. Benevides, A . H.-J. Wang, and G. J. Thomas, Jr. 468 

Laser Visible Raman Spectroscopic Study of R M P K (Rabbit 
Muscle Pyruvate Kinase) Conformational Changes in a High -
Sorbitol - Containing Medium 

M . Berjot, A . J . P . Alix, J. Marx, Z. X u , 
and V. L a r r e t a - G a r d e 470 

Resonance Raman Studies of Electronic and Vibrational Relaxation 
Dynamics in Herne Proteins 

P . M . C h a m p i o n , J. T. Sage, and P . L i 472 

Raman Microprobe Spectroscopy of Adsorbed Amino Acid and 
Amylase Molecules 

A . Crossley and P . R . Graves 474 



C O N T E N T S 

Three-Dimensional Model for Stable B/Z and B/Z/B .Functions in 
Relaxed DNA 

M. Dauchez, Z. D a i , G. A . Thomas, G. Vergoten, 
and W. L . Peticolas 

Raman Spectroscopic Study of Polyunsaturated Esters of Fatty 
Acids 

B . Dippel, S. Keller, a n d B . Schräder 

Developing a Resonance Raman Frequency - Reactivity Correlation 
for Cysteine Proteases 

J. D . D o r a n a n d P . R . Carey 

U V Resonance Raman Spectroscopy as a Sensitive Tool to Study 
the Hydrophobie Properties of Aromatic Residues Surroundings in 
Globular and Membrane Proteins 

R . G. Efremov, A . V. Feofanov, D . I. Gulyaev, 
and G. Vergoten 

Spectroscopic Investigations of Interactions Between Congo Red 
and Model Molecules of Amyloid of Alzheimers Disease 

A . Elhaddaoui, A . D e l a c o u r t e , andS. Turrell 

Raman Spectra and Structure of Polysaccharide Acetates 
S. P . Firsov and R . G. Zhbankov 

Criteria for the Assignment of Coordination and Hydrogen-
Bonding States of Bacteriochlorophyll a 

K. F u r u k a w a , Y. Umemoto, and Y. Koyama 

FT-Raman Light-Induced Intermediate Spectra of Photobiological 
Systems 

K. Gerwert, A . Hoffmann, a n d B . Schräder 

Complementary Aspects of Resonance Raman and Neutron 
Inelastic Scattering for Studying the Vibrational Motions of Nucleic 
Acid Bases 

M. Ghomi, Z . D h a o u a d i , L . Chinsky, P . Y. Turpin, 
R . E . Hester, and C. Coulombeau 

Pressure Tuning Spectroscopy of the Low-Frequency Vibrations of 
Liquid Amides 

K. Goossens, L . Smeller, and K. H e r e m a n s 

Raman Spectroscopy: An Useful Tool to Investigate Ion Exchange 
Membranes in Aqueous Solutions 

A . Hasdou, J.-M. Lambert, J. M a i l l o l s , andJ. L . Bribes 

Resonance Raman Study of Cytochrome c and Cytochrome c 
Oxidase 

P . Hildebrandt, F. Vanhecke, G. H e i b e l , G. A . Mauk, 
P . Steinrücke, B . L u d w i g , and G. Buse 



xxvi C O N T E N T S 

Fourier-Transform Raman Spectroscopic Study of the 
Chromophores in Phycocyanin and Allo-Phycocyanin from a 
Thermophilic Cyanobacterium 

H. I s h i d a , T. Shimazu, and M. H i r a n o 500 

Characterization of Catalytic Intermediates of E. coli Cytochrome d 
Terminal Oxidase Complex 

M . A . Kablow, T. M. Z u b e r i , R . B . Gennis, 
and T. M . Loehr 502 

Multiple Conformational States of Dithioacyl-Papain Intermediates 
M. K i m , G. I. B i r n b a u m , W. Neugebauer, and P . R . Carey 504 

Time-Resolved Resonance Raman Study on Recombination 
Dynamics of Photodissociated CO of Human Myoglobin and its 
Mutants 

T. K i t a g a w a , Y. S a k a n , T. O g u r a , R . S. L u t z , 
L . L . M o n e t t e , R . M a t t e r a , and M. I k e d a - S a i t o 506 

A Simple Empirical Force Field for Tyrosine and Cystine Amino-
Acids 

P . L a g a n t , M. Dauchez, and G. Vergoten 508 

Monitoring of Merrifield Synthesis by NIR-FT-Raman 
Spectroscopy 

B . D . L a r s e n , D . H. Christensen, and O. F. Nielsen 510 

A Resonance Raman Investigation of the Binding of Water-Soluble 
Porphyrins to Bovine Serum Albumin 

C. R . Lefley, J. N . M o o r e , and R . E . Hester 512 

Micro Raman Crystal Study of a Canonical A-DNA Conformation 
J. L i q u i e r , H. Sfihi, E. T a i l l a n d i e r , L . Urpi, 
and J. A . S u b i r a n a 514 

Functionally Important Structural Changes at the Chromophoric 
Site of Bacteriorhodopsin Studied by Time-Resolved Resonance 
Raman Spectroscopy 

R . L o h r m a n n and M. Stockburger 516 

Dual-Channel Resonance Raman Investigation of Mesoporphyrin 
Binding to Anti-Porphyrin Antibody 

S. A . Majumder, J. D . Hobbs, A . G. C o c h r a n , 
M . R . O n d r i a s , P . G. Schultz, and J. A . Shelnutt 518 

Comparative Study of Interactions of the Antitumour Agent RP 
60475 with DNA-Topoisomerase II and in Living Cell as Probed 
by SERS Spectroscopy 

M. Manfait, J.-F. R i o u , H. Morjani, F. L a v e l l e , 
andl.R.Nabiev 520 



C O N T E N T S xxvii 

Near-Infrared Fourier Transform Resonance Raman Spectroscopy 
of Photosynthetic Reaction Center Proteins 

T. A . M a t t i o l i , B . Robert, and M. Lutz 522 

Fourier-Transform NIR Resonance Raman Study of Tetrapyrrole 
Chromophores 

J. Matysik, P . H i l d e b r a n d t , W. Gärtner, S. E . Braslavsky, 
K. Smit, F. Mark, K. Schaffner, and B . Schräder 524 

Polymorphism of Guanine-Rich Nucleic Acids in Relation to the 
Structure of Telomeric DNA: Investigation by Laser Raman 
Spectroscopy 

T. M i u r a and G. J. Thomas, Jr. 526 

On Changes of the Na + , K +-ATPase Structure induced by Binding 
of Metal Cations. A Raman Study 

P . Mojzes, V. Baumruk, P . Anzenbacher, and E. Amier 528 

Influence of a 2-Amino Substitution of Adenine on the Structural 
Transitions of Poly(dA-dT): Experimental and Theoretical Aspects 

P . Mojzes, Z. D h a o u a d i , M. Ghomi, L . Chinsky, 
and P . Y. Turpin 530 

U V Resonance Raman Study of Cyanomethemoglobin Valency 
Hybrids 

/. Mukerji, E. G i r i t , a n d T . G . Spiro 532 

Low-Frequency Raman Spectra of Nucleic Acid Bases and their 
Derivatives 

V. M. Naik and J. Bandekar 534 

Effect of Aggregation on Chromophore Structure in 
Allophycocyanin Studied by Resonance CARS-Spectroscopy 

C. J. Prenzel, G. B r e h m , P . Gedeck, S. Schneider, 
a n d H . Scheer 536 

Vibrationally Coupled Dioxygen in Resonance Raman (RR) Spectra 
of Co(II) (Porphyrin) (Pyridine) 0 2 in Low Temperature Solutions 

L . M. Proniewicz and J. R . K i n c a i d 538 

Simultaneous Observation of v(O-O), v(Co-0 2) and 8(CoOO) in 
Resonance Raman Spectra of Five-Coordinate Dioxygen Adducts 
of Cobalt Porphyrins Formed in Low Temperature Ö 2 Matrices 

L. M. Proniewicz, A . Wesetucha-Birczynska, 
and K. Nakamoto 540 

Conformational Dynamics of Hemoglobin Kempsey from Stade 
and Time-Resolved U.V. Resonance Raman Spectroscopy 

K. R . Rodgers, I. Mukerji, and T. G. Spiro 542 



xxviii C O N T E N T S 

Resonance Raman Spectroscopic Investigations on Horse Heart 
Metmyoglobin in Three Different Excitation Regions 

E . Roth and W. Kiefer 544 

A Resonance Raman Spectroscopic Study of Bilirubin 
Photoisomers 

M. P . Russell, J. N. M o o r e , and R . E . Hester 546 

The Active Site of a Novel Dimeric Hemoglobin 
S. Song, A . Boffi, E. Chiancone, J. M. F r i e d m a n , 
and D . L . Rousseau 548 

Vibrational Spectroscopic Study of Diethyl Phosphate, a Model for 
the Interaction of Metal Ions with Biomolecules 

/. Stangret and R . Savoie 550 

Conformational Switching and Virus Assembly: Side-Chain, Main-
Chain and Domain Structures in Bacteriophage P22 Coat Protein 
Investigated by Raman Spectroscopy 

G. J. Thomas, Jr., K. L . Aubrey, S. A . Towse, J. K i n g , 
D . R . Thomas, and P . E. Prevelige, Jr. 552 

Resonance Raman Spectroscopy of Enzyme-Substrate Complexes 
P . J. Tonge and P . R . Carey 554 

Raman Tensors of Nucleic Acid Constituents 
M. Tsuboi, T. U e d a , K. U s h i z a w a , A . H.-J. Wang, 
J. M. Benevides, and G. J. Thomas, Jr. 556 

Resonance Raman Spectroscopy of Cytochrome o and its Model 
Compounds 

C. Varotsis, W. Wu, A . Puustinen, G. T. Babcock, 
C. K. C h a n g , and M. Wikström 558 

Raman Spectroscopy of Mono- and Polysaccharides 
R . G. Zhbankov and S. P . Firsov 560 

Resonance Raman and Polarized Emission Spectra of Intercalated 
Drug/DNA Complexes 

Y. Shen, Y. L i u , and J. A . Koningstein 562 

Section 9. MACROMOLECULES AND POLYMERS 

FT-Raman Spectroscopic Studies of Synthetic Polyisoprenes 
S. J. Bunce, H. G. M. Edwards, A . F. Johnson, 
I. R . Lewis, P . T u r n e r , and A . Whitley 564 

Raman Spectra and Non Linear Optical Properties of 
Polyconjugated Materials 

M. D e l Zoppo, C. Castiglioni, M. R u i , M. Gussoni, 
a n d G . Z e r b i 566 



C O N T E N T S xxix 

Raman Spectroscopic Studies of the Dissolution of Polyacrylonitrile 
with Zinc Salts 

H . G. M. Edwards, A . R . Hoskins, A . F. Johnson, 
and I. R . Lewis 568 

Raman and FT-IR Spectroscopic Studies of Copolymers of 2,3-
Dimethyl Butadiene and Methyl Methacrylate 

H . G. M. Edwards, A . F. Johnson, and I. R . Lewis 570 

Line Intensities in Raman Spectra and Structure of Esters and 
Polyesters 

V. F u r e r 572 

Dependence of the Raman Spectrum of Sodium-Doped 
Polyacetylene on Excitation Wavelength 

Y. F u r u k a w a and M. Tasumi 5 1 4 

Raman Difference Spectroscopy and the Influence of 
Conformational Changes on the Physical Aging and Toughness of 
Bisphenol-A Polycarbonate 

J. L a a n e , E. Cortez, G. L i , and A . Letton 576 

Low-Frequency Raman Scattering in Heterocyclic Polymer 
Networks 

V. N. Novikov, A . P . Shebanin, V. P . Azarenkov, 
A . V. B a i b a k , V. Yu. K r a m a r e n k o , and V. P . P r i v a l k o 578 

Polarized Micro Raman Spectroscopy of as-Spun Pet Fibers: 
Development of Orientational Order 

S. M. Peters a n d R . A . Huijts 580 

Molecular Electronics: Raman Spectra of Polyconjugated 
Thiophenes with Stereoregulated Electronic Properties 

R . R a d a e l l i , M. Veronelli, G. Z e r b i , E . B r e n n a , 
andF.Sannicolö 582 

Raman Study of the Structure of Polyethylene 
A . Richter and W. Hölzer 584 

Resonant Raman Characterization of Polarons and Bipolarons 
in Sodium-Doped and Concentrated-Sulfuric-Acid-Treated 
Poly(p-Phenylenevinylene) 

A . Sakamoto, Y. F u r u k a w a , and M. Tasumi 586 

Vibrational Spectroscopic Study of the Association of Polyinosinic 
Acid in Aqueous Solution 

C. Simard and R . Savoie 588 

Molecular Distortion and Localisation Length in Polyconjugated 
Thiophene Molecules 

M. L . R i v o l a , M. C. G a l l a z z i , E. E . H a v i n g a , and G. Z e r b i 590 



XXX 

Section 10. SURFACE AND INTERFACIAL 
PHENOMENA, SERS 

Hydrocarbon Adsorption on Metal Films: A SERS Investigation 
W. Akemann and A . Otto 

SERS of Pyrazinic Acid, Pyrazinamide and Pyrazincarbonitrile in 
CoUoidal Silver 

J. F . ArenaSy J. L . Castro, J. C. Otero, and J. I. Marcos 

Enhanced Raman Scattering from Benzene Condensed on a Silver 
Gräting 

M . Arnold, P . Bussemer, K. H e h l , H . G r a b h o r n , 
a n d A . Otto 

Surface-Enhanced Resonance Hyper Raman (SERHR) 
Spectroscopy of Photochromatic Molecules 

A . V. Baranov, Ya. S. Bobovich, and V. I. Petrov 

The Inclusion of [Ni(dmit)2]" in Gamma-Cyclodextrin as Probed by 
SER Spectroscopy 

W. J. Barreto, J. C. Rubim, and P . S. Santos 

Comparison Between Optical Absorption and Raman Structures in 
Different Polyaniline Forms 

M . C. Bernard and A . H u g o t - L e Goff 

SERS of Alkali-Metal Ether Sols 
B . Bozlee, B . L i a n , J. K a h n , R . G a r r e i l , A . Leiden, 
andP.Palko 

Kinetic and Competitive Adsorption of Two Modifiers on a Silver 
Electrode by SERS 

A . G. Brolo and M . L . A . Temperini 

The Extension of Colloidal SERS into Non-Polar Media: The Use 
of an Azo Dye to Probe Surface/Solvent Interactions 

C. Campbell, B . N . Rospendowski, W. E . Smith, 
andK. P . J. Williams 

SERRS Study of 2'-Carboxy Benzene 2-Azonaphthol in Ag Sol 
5. Chattopadhyay, M. Debnath, and S. K. B r a h m a 

SERS Bands of Water in 0.1M LiCl/Water(l)-Alcohol(4)/Süver 
Electrode 

Y.-S. ChoiandJ.-J. K i m 

Surface-Enhanced Raman Spectroscopy of Reaction Centers 
G. Chumanov, R . Picorel, 5. Zaitsev, R . A . Uphaus, 
and T. M . Cotton 



C O N T E N T S xxxi 

Irreproducible Behaviour when Obtaining Surface Enhanced Raman 
Spectra Using Silver Hydrosols 

J. C. Cook, B . J. Kip, and R . J. M e i e r 616 

SERS-Active Structure Photoformation on Copper, Chlorinated in 
UHV 

K. N . Eltsov, G. Ya. Z u e v a , A . N. Klimov, 
V. V. Martynov, and A . M. Prokhorov 618 

Transition Metal Modified Colloidal Silver, a Convenient Substrate 
for SERS Studies 

H . Feilchenfeld, M. L u c k i e r , and D . Fanberstein 620 

SERS Study of A M P on Different Silver Sols 
/. V. Garcia-Ramos and S. Sdnchez-Cortis 622 

SERS Studies of O-Phenylene Ligands and Their Complexes on 
Silver Colloids 

5. A . Greaves, W. P . Griffith, T. Y. K o h , 
and A . J . P . White 624 

Enhanced Surface-Electron-Photon Coupling: The Missing Link in 
SERS 

M. Hänisch, D . Schumacher, a n d A . Otto 626 

Near-Infrared SERS at Rough Silver Films Overcoated with Silicon 
Oxides 

W . H i l l and D . R o g a l l a 628 

Contribution of Short Range and Classical Electromagnetic 
Mechanisms to SERS from Different Types of Biomolecules 
Adsorbed on Cold-Deposited Island Film 

P . V. Hodorchenko, K. V. Sokolov, and I. R . Nabiev 630 

Raman Study on Surface Layers and Thin Films by Using Total 
Reflection Experiments 

W. Hölzer, O. Schröter, and A . Richter 632 

Probing the Electrode/Electrolyte Interface with Surface Enhanced 
and Normal Raman Spectroscopy 

D . E. Irish, Z. Deng, M. Odziemkowski, L . Stolberg, 
and G. Szymanski 634 

Time-Resolved Resonance Raman Scattering Study on Heptyl 
Viologen Monocation Radical Formation at Silver and Nafion-
Coated Silver Electrodes 

K. höh, K. Shibasaki, N. Yamasawa, Y. M i s o n o , 
and Y. Mineo 636 

Pressure Effect on the Surface-Enhanced Raman Scattering of 
Molecules Adsorbed on Silver Sols 

E. Janssen, L . Smeller, and K. H e r e m a n s 638 



xxxii C O N T E N T S 

FT-SERS of Langmuir-Blodgett Monolayers on Gold Island Films 
C. Jennings, G. J. Kovacs, and R . A r o c a 640 

Vibrational Spectra and Structure of Langmuir-Blodgett Monolayers 
of Zirconium Bisphthalocyanine 

E . Johnson and R . A r o c a 642 

Spectroscopic and Electrochemical Behaviour of the |i-(4,4'-
Bipyridine) bis [Pentacyanoferrate(II)] Anion: 
[(CN) 5Fe(4,4 ,-BPY)Fe(CN) 5]6-

A . H . Jubert, M. E . C . V i l l a l b a , P . J. Aymonino, 
M. L . A . Temperini, and J. C. R u b i m 644 

Electrodynamic Resonance versus Chemical Effect in SERS of 
Thiourea 

H. G. K i m and J.-J. K i m 646 

Photoemission and Enhanced Raman Scattering from Silver 
Electrodes 

D . Körwer 648 

Surface Enhanced Raman Scattering of Surfactants 
E . K o g l i n and O. Krug 650 

SERS Study of the pH Effect on Acridine and Acridinium in the 
Presence of Various Counter-Ions 

G. U v i , J. Pantigny, J. P . M a r s a u l t , and J. A u b a r d 652 

Surface-Enhanced Resonance Raman Scattering of Langmuir-
Blodgett Monolayer of Zinc Tetra-Isopropoxy Phthalocyanine by 
Chemideposited Silver Minors 

Y. L i u , Z. Wang, T. L i , Y. M o , J. Xu, Z. Zhang, 
and X . X i a o 654 

Surface-Enhanced Raman Spectroscopy of Nitrile Compounds 
Adsorbed on Metal Electrodes 

B . H . Loo 656 

Surface Enhanced Raman Scattering Study of Triton X-100 as 
Adsorbate and as Molecular Spacer 

P . Matejka, J. Vohlidal, V. B a u m r u k , and B . Vlckovd 658 

Orientational Order as Detected by SERS for Non-Linear Optical 
Thin Films of 4-(N,N-Dimethylaniino)-3-Acetamidonitrobenzene 
(DAN) Grown upon Potassium Acid Phthalate (KAP) Crystals 

J. McAleese, B . N . Rospendowski, D . B . Sheen, 
J. N . Sherwood, and W. E . Smith 660 

Surface Enhanced Raman Scattering of Benzenetricarboxylate 
Anions on Silver Sols 

M . A . M o n t a n e z , J. C. Otero, and J. I. M a r c o s 662 



C O N T E N T S 

Surface Enhanced Raman Scattering of Bipyrazine 
M . M u n i z - M i r a n d a , N. Neto, and G. S b r a n a 

Biomedical Applications of Surface-Enhanced Raman Spectroscopy 
/. R . Nabiev and M. Manfait 

Application of Total Internal Reflection Raman Spectroscopy to the 
Study of Water Structure at Interfaces 

Z. S. Nickolov, J. C. E a r n s h a w , and J. J. M c G a r v e y 

Main Regularities of the SER Spectra of Symmetrical Molecules 
A . M. Polubotko 

Noise Correlation Between SERS and Elastic Scattering of Colloids 
P . Praus and J. Stgpdnek 

Absolute Raman Scattering Cross-Section of Amorphous 
Nitrobenzene Layer on Ni(l 11) 

K. Sakamoto, G. Mizutani, and S. Ushioda 

Surface Enhanced Raman Spectroscopic Study of a-Bithiophene 
Adsorbed on Silver Sol 

U. S a r k a r , S. C h a k r a b a r t i , A . J. P a l , and T. N. M i s r a 

Surface Enhanced Raman Scattering (SERS) from some Mono-
Substituted Pyridines 

E . A . Shaikh, Y. K u m a r , and B . N. K h a n n a 

Trace Analysis by Surface-Enhanced Raman Spectrometry 
G. G. S i u , Z. L . C h e n , and M. J. Stockes 

Comparative Study of Structure and Biological Activity of Synthetic 
and Natural Inhibitors of Influenza Virus as Probed by SERS 

K. V. Sokolov, P . V. Hodorchenko, N. V. B o v i n , 
and I. R . Nabiev 

Waveguiding Raman Spectroscopy of Thin Films on Metal 
Substrates 

Y. P . Song, M. C. Petty, and J. Yarwood 

In-Situ Raman Study of Photo-Corrosion Reactions at p- and n-
Type W S 2 Electrodes in Acid Solutions 

C. Sourisseau and F. C r u i g e 

Raman Scattering by Phenazine Molecules at Noble Metal 
Electrodes in Acidic Solution 

S. Suto, K. Sakamoto, and E. Burstein 

Surface Enhanced Raman Scattering of Pyrazine Adsorbed at the 
Polycrystalline Gold/Aqueous Solution Interface 

G. Szymahski and D . E. I r i s h 



xxxiv 

Waveguide Raman Spectroscopy of Thin Polymer Films and 
Interfaces 

J. K. F. T a i t , J. Yarwood, G. Davies, and R . Mclntyre 

Resonance Raman Spectra of Spread Monolayers of Cetyl Orange 
on Water Surface and Thin L B Films 

T. T a k e n a k a , H. M a t s u d a , T. K a w a i , and J. Umemura 

Evidences of Strong Interaction Between Silver Surface and Copper 
Iso-Propoxy Phthalocyanine Molecules 

Z. Wang, Y. M o , Y. L i u , and J. X u 

The Use of Deposited Sol to Detect Mercaptobenzothiazole at a Zinc 
Metal Surface 

H. M. M. Wilson and W. E . Smith 

Surface Enhanced Raman Scattering Study on Interaction between 
Hematoporphyrin and Nucleic Acid 

S . - D . Zheng, Y. H u , and J . - P . Wang 

Section 11. INORGANIC MATERIALS, MATRICES 

Raman Study of Alumina-Zirconia Composites 
B . A m r a m , C. Levy, and G. O r a n g e 

Identification of the Different Zinc Hydroxides and Hydroxysalts 
Grown Düring Zinc Corrosion in Presence of Cl", in Relation with 
Their Morphology 

M. C. B e r n a r d , A . H u g o t - L e Goff, D . M a s s i n o n , 
a n d N . Phillips 

Metal Hexacarbonyls (0) Entrapped in Zeolite Cages: Vibrational 
Interactions 

C. Bremard, M. Dauchez, M. L e M a i r e , and G. Vergoten 

Raman Spectroscopic Study of Trirutile-Like Solid Phases of 
HTaW0 6 

E. Cazzanelli, G. M a r i o t t o , C. M. M a r i , and M. Catti 

The Effect of Crystallite Size on the Raman Spectrum of Solution-
Precipitated Nanophase Titanium Dioxide 

N. J. E v e r a l l , J. Lumsdon, and J. N. Okey 

FT(NIR) Raman Spectroscopy on Zeolites 
R . F e r w e r d a andJ. H. van der M a a s 

Identification of Green Rusts Grown Düring the Corrosion of 
Stainless Steels in Presence of C l ' 

A . H u g o t - L e Goff 



C O N T E N T S 

Production and Stabilization of the Amino- and Imino-Radicals in 
the Ammonia Matrices: Raman Spectra and Quantum-Chemical 
Calculation 

V. D . Klimov, A . V. M a m c h e n k o , S h . S h . Nabiev, 
and L . P . Sukhanov 

Using of the Quasimolecular Method for Analysis of the Vibrational 
(Raman) Spectra of ABXß-Halides 

S. Y u . Kutovoy 

Raman Spectra of Sol-Gel Silica Synthesized from HTEOS and 
TEOS 

M. Kyoto, H . Sato, M. T o m i n a g a , Y. A r a i , and K. M a t u i 

Spectroscopic Investigations of Zeolite-Y Entrapped Ru(II) 
Polypyridine Complexes 

K. Maruszewski, D . P . Strommen, andJ. R . K i n c a i d 

Dependence of the Raman and Photoluminescence of Chemical-
Vapor Deposited Diamond Films on the Excitation Wavelength 

B . S . M a t h i s , A . M. Bonnot, Y. G a o , and T. Lopez-Rios 

Raman Spectra of Molecular Sieves: An Attempt of Their 
Assignment 

W. P i l z 

Raman Spectra of a Ferriosilane of Type ^ t ^ X O C ^ F e - S i R ß in 
Solution and in Matrix 

T. Pötzer, D . Gernet, and W. Kiefer 

Vibrational Spectra of MnO^f Inserted in Sodalite Cages 
A . Popitsch, H. P . F r i t z e r , V. I. Srdanov, and G. D . Stucky 

Identification of Aluminophosphate Molecular Sieves:VPI-5, 
AIPO4-5, -8 and -11 by means of Raman Spectroscopy 

V. Sablinskas, D . Akporiaye, D . H. Christensen, 
P . Klaeboe, C. J. Nielsen, R . Salzer, and M. Stöcker 

Raman Spectra of LAUCI3 Complexes with Heterocyclic Nitrogen 
Donors 

/. Shamir, L . Canovese, L . C a t t a l i n i , P . Uguagliati, 
and M. L . Tobe 

Foundation of a Standard Raman Spectra Database of Minerals and 
Inorganic Crystals 

A . Wang andJ. Yu 

Raman Spectroscopic Study of Gold-Chlorine Complexes in 
Quenched High-Temperature Solutions 

A . Wang and Y. Liu 

Raman Scattering from Diamond Particles 
M . Yoshikawa, Y. Mori, H. I s h i d a , and A . I s h i t a n i 



xxxvi C O N T E N T S 

Raman Spectra of Rare Earth Oxysulfates 
G. F . Zeng, Y. M. L i , Y. Wang, S. Q. Xi, and M. Q i n 1 4 4 

Section 12. THE SOLID STATE 

Identification of I3 and I2 Di-Interstitial Defects in Gamma-
Irradiated Rbl 

A . M. T. A l l e n and J. D . Comins 748 

Raman Spectra of Some Solid Bromofluorocarbons 
A . Anderson, S. L . Eix, S. A . Schlueter, and N . Zakhary 750 

Order and Phase Stability in Defect Chalcopyrite Alloys: A Raman 
Study of the CdGa2_xInxSe4 System 

S. B i n i , C. Razzetti, and P . P . L o t t i c i 752 

Lattice-Dynamical Study of the Intermolecular Forces in a Charge-
Transfer Molecular Crystal: 4-Nitropyridine N-Oxide 

D . Bougeard, J. R . B u r i e , and N . Q. D a o 754 

Raman Intensities of M2C1O4 (M = K, Rb, Cs) 
D . de Waal a n d A . M. Heyns 756 

Raman Study of Porous Silicon: Origin of the Strong 
Photoluminescence 

H. D . F u c h s , M. Stutzmann, M. S. B r a n d t , J. Weber, 
and M. C a r d o n a 758 

Raman Scattering of Light on Lattice Modes of Chiral-Pure and 
Racematic Phases of Tryptophane and Valine 

V. S. G o r e l i k , L . I. Z l o b i n a , and E . A . C o z u l i n 760 

Raman Studies of Dense Hydrogen: Constraints on Structure, 
Dynamics, and Metallization 

R . J. Hemley and H. K. M a o 762 

A Raman Study of the Orientational Disorder in CsPF^ 
A . M . Heyns and D . de Waal 764 

Rayleigh and Vibrational Raman Optical Activity Measurements in 
Uniaxial Crystals 

K. R . Hoffman, W. M. Yen, and D . J. Lockwood 766 

Laser Raman and Infrared Spectra of Lithium Tetraborate Single 
Crystals 

Y. J. Mang, L . Z. Zeng, Y. Fu, and Y. D. Z h o u 768 

Structural and Bulk Properties of 60-Atom Carbon Cluster Solid 
V. K. Jindal, K. D h a r a m v i r , and P . M. Srivastva 770 



C O N T E N T S 

Raman Spectra of Menshutkin Complex Crystals 
A . V. Kondyurin 

The Raman Spectra of and Intermolecular Interactions in Pyridine 
and its Complexes 

L . P . le Roux and A . M. Heyns 

Raman Spectra of Ferromagnetic Bi-YIG Single Crystals 
Y.-L. L i u , J . - Q . L i u , and Y.-J. Mo 

Raman Spectra and Morphology of M0O3 
G. Mestl, T. K. K. S r i n i v a s a n , and H. Knözinger 

Raman Spectra of the Metastable State in Na2[Fe(CN)5NO]-2H20 
Single Crystals 

Y. M o r i o k a and H. Hamaguchi 

Application of Raman Spectroscopy to the Study of Oxidation 
Processes in Nuclear Graphite 

L . Nikiel and P . W. Jagodzinski 

Raman Studies of Diamond Films Grown by Plasma-Enhanced 
Chemical Vapor Deposition 

A . N. Obraztsov, V. G. Pirogov, S. V. Popov, 
and G. A . Sokolina 

Asymmetry of Raman Scattering at the Surface of Opaque Crystals 
and the Measurement of Low Defect Concentrations 

A . Je. Semjonow, A . L a u , and L . Holz 

Stochastic Nature of Asymmetry of Raman Scattering in Crystals 
A . Je. Semjonow, L . Holz, A . L a u , and W. Richter 

Raman Study of Phonon States with Nonzero Angular Momentum 
in Uniaxial Crystals 

A . V. Slobodyanyuk 

Hydrogen Bonding or Low Electronic Transitions - Vibrational 
Study of Electrooptic Urea Crystal 

M. M. Szostak and T. Janos 

A Low-Frequency Raman Spectroscopic Study of 
1,2-Dihydroxybenzene 

H. Tylli 

A Test of Soft-Mode Lattice Dynamics of KTaÜ3 and SrTi0 3 by 
Hyper-Raman Spectroscopy 

H. Vogt 

The Influence of Ultrasonic Waves on the Raman Spectra of the 
TGS Crystal 

V. V. D y a k i n , V. N. Levchenko, V. N . Lysenko, 
V. M. Ogenko, and O . B . O k c h r i m e n k o 



XXXV111 

Section 13. SEMICONDUCTORS AND 
SEMICONDUCTOR MICROSTRUCTURES 

Raman Characterization of Interdiffusion Phenomena across 
InGaAsP / InGaAs Interfaces 

F. A i s i n a , J. Pascual, H. Peyre, J. Camassel, 
and R . W. Glew 

Resonant Raman Scattering at the E i Gap of HgTe in 
HgTe/HgCdTe Heterostructures 

R . Atzmüller, G. Schaack, and C. Becker 

Raman Scattering by Phonon-Plasmon Coupled Modes in S i + -
Ion-Doped GaAs 

L . P . Avakyants, A . V. Chervyakov, I. A . Kitov, 
P . A . Polyakov, and V. S. G o r e l i k 

Resonant Inelastic Infrared Light Scattering Spectroscopy of 
n-InGaAsP/InP(100) Heterostructures 

B . H. Bairamov, A . T. Gorelenok, V. T. Gruzdov, 
G. I r m e r , E . J a h n e , J. M o n e c k e , V. K. Negoduyko, 
N. M . Shmidt, and V. V. Toporov 

Investigation of Misfit Dislocations Profites in ZnSe Epilayers by 
Raman Scattering 

W. B a t a , M . Drozdowski, and M. Kozielski 

In Situ Raman Scattering in ZnSe/GaAs (001) Grown by Atomic 
Layer Epitaxy 

S. Bauer, P . Link, H. Berger, and W. Gebhardt 

Spatial Correlation of Electrons and Holes in Multi-Phonon 
Resonant Raman Scattering in a High Magnetic Field 

V. L Belitsky, M. C a r d o n a , I. G. L a n g , and 5. T. Pavlov 

Light Scattering Studies of Electronic Excitations in 8-Doped GaAs 
F. C e r d e i r a 

Structural Changes of Cgo and C70 Under Laser Irradiation 
Monitored by Raman Spectroscopy 

G. Cheng, W. l a n g , P . Yang, W. Wang, G. G u , Y. D o u , 
a n d D . Feng 

Raman Scattering Characterization of Processing Effects on GaAs 
Planar Photoconductors 

Af. Constant, A . B e l l a r b i , J. Laureyns, and P . Legry 

Raman Scattering in In x Gai_ xAs/GaAs Superlattices Grown by 
Molecular Beam Epitaxy 

M. Constant, N. M a t r u l l o , J. D i Persio 



C O N T E N T S 

Raman Microscopy Assessment of Stress Distribution in VLSI 
Structures 

/. D e Wolf, H. Norström, and H. E . M a e s 

Excitonic Effects on Raman Scattering from Longitudinal Optic 
Phonon in AgGaS 2 

S. K. Deb a n d A . P . Roy 

Raman Scattering in Uniaxial Crystals of ZnS with One-
Dimensional Disorder 

D . L . Fedorov, I. P . I p a t o v a , E. V. Kuzminov, 
V. A . Shchukin, and Yu. A . Vlasov 

Isotopic Disorder Effects on the Phonons in Germanium 
H. D . F u c h s , C. H. G r e i n , a n d M . C a r d o n a 

Coherent Anti Stokes Raman Scattering in Superlattices of Diluted 
Magnetic IV-VI Semiconductors 

F. Geist, H. Pascher, N . Frank, G. Bauer, 
and M. K r i e c h b a u m 

Influence of Chemical Cömposition and Disorder on Raman 
Scattering in GaAs/GaAlAs Superlattices 

H. Gerecke, H. G r i l l e , and F. Bechstedt 

Theory of One-Phonon Raman Scattering in Quantum Wells in a 
Magnetic Field 

A . Govorov 

Donor-Bound Excitons as Intermediate States of Resonant Spin-
Flip Raman Scattering in Cd!_ xMn xTe 

M. H i r s c h , R . Meyer, G. Schaack, and A . Waag 

Raman Scattering in p-Type GaAs: Contribution of Heavy and 
Light Holes to the LO-Phonon-Plasmon-Modes 

G. I r m e r , J. M o n e c k e , W. Siegel, G. Kuehnel, 
B . H. Bairamov, and V. V. Toporov 

Phonon-Mediated Exciton Optical Stark Effect in Polar 
Semiconductors Enhanced by a Stade Electric Field 

A . L . Ivanov and H. Haug 

Consequences of Inplane Dispersion for Intersubband Transition 
Energies in p-Doped GaAs/AlGaAs Quantum Well Structures 

M. K i r c h n e r , C. Schüller, J. K r a u s , G. Schaack, 
and G. Weimann 

Raman-Scattering in Electtolurninescent Porous Silicon 
F. Kozlowski, P . Steiner, and W. L a n g 

Raman and Rayleigh Characterization of Normal and Novel CdTe-
ZnTe Superlattice Structures 

P . D . L a o , W. H. Yao, J. L i , Y. L . G u o , and S. X . Yuan 



xl 

Raman Study of cw Laser Induced Reversible Changes in 
Crystalline and Microcrystalline Silicon: Anharmonic Effects 

//. S. M a v i , A . K. Shukla, K. P . J a i n , and S. C. Abbi 

Low - Frequency Raman Scattering by Acoustic Vibrations 
Localized in Thin Semiconductor Films 

V. Novikov and N. Ovsyuk 

High Spatial Resolution Raman Measurements on Dislocations in 
GaAs 

O. Pätzold, G. Irmer, andJ. Monecke 

Study of Phonon Damping Properties in G a 1 - X A l x A s Alloys 
L . G. Q u a g l i a n o , B . Jusserand, F. M o l l o t , G. L e Roux, 
a n d R . P l a n e l 

Spin Flip Raman Scattering in GaAs/Alg 6 7As Quantum 
Wells 

V. F. Sapega, T. Ruf, M. C a r d o n a , K. Ploog, 
E. L . I v c h e n k o , and D . N. Mirlin 

Electric Field Effects on Resonant Raman Spectroscopy of 
Quantum Wells 

A . J. Shields, C. T r a l l e r o - G i n e r , M. C a r d o n a , V. A . H a i s l e r , 
D . A . Tenne, N. T. Moshegov, and A . I. Toropov 

Optical Phonons in Ultrashort Period GaAs/AlAs Superlattices 
/. Spitzer, T. Ruf, M. C a r d o n a , K. Ploog, F . Briones, 
and M. I. Alonso 

The Raman Scattering Mechanism for the Paramagnetic Spin-Flip in 
Cd!_ xMn xTe: The Role of Band Gap Excitons as Intermediate States 

J. Stühler, M. H i r s c h , G. Schaack, a n d A . Waag 

Multi-Phonon Resonant Raman Scattering in a Magnetic Field 
C. T r a l l e r o - G i n e r , M. C a r d o n a , and F. l i k a w a 

Micro-Raman Studies of Ion Bombarded Silicon 
R . Tripathi, S. K a r , and H. D . Bist 

Raman Spectroscopy of Dopant Induced Local Vibrational Modes 
in III-V Semiconductors 

J. Wagner 

High Precision Study of Folded Acoustic Phonons in Si/Si]. x Ge x 

Superlattices 
P . X. Zhang, D . J. Lockwood, and J.-M. B a r i b e a u 



C O N T E N T S xii 

Section 14. SUPERCONDUCTORS 

RS Spectra in Y I ^ C i ^ O ^ x Crystals with Site-Selective Isotopic 
Substitution of Oxygen 

S. I. B r e d i k h i n , A . A . Maksimov, B . C. H. Steele, 
and L I . T a r t a k o v s k i i 874 

Two-Magnon Raman Scattering under High Pressure in Dielectric 
Phases of HTSC Compounds 

M . I. Eremets, A . V. Lomsadze, A . A . Maksimov, 
A . V. Puchkov, V. V. S t r u z h k i n , and L 1 . T a r t a k o v s k i i 876 

Raman-Scattering Test for Local Orthorhombic Strains in 
YBa2Cu30 x 

V. G. Hadjiev, C. Thomsen, and M. C a r d o n a 878 

Stuctural Conversion in YBa2Cu40g Superconductor 
P . V. Huong, Y. K. P a r k , J. C. P a r k , and K. H. K i m 880 

A Possible Effect of Charge Carriers on the Raman Phonon Line 
Intensities of Cation-Substituted 123 Compounds: The Role of 
Ba-O Planes 

M. N. Hiev, G. A . Z l a t e v a , and Y. K. Atanassova 882 

The Problem of Fiat Normal-State Electronic Raman Spectrum and 
Linear-Frequency-Dependent Collision Rates in Y Ba2Cu3C>7 

5. 5. Jha and M. R . Press 884 

Electronic Raman Scattering of Spin and Charge Excitations of 
HTc-Compounds 

P . Knoll, S. L o , M. M a y e r , M. Pressl, P . Murugaraj, 
and E. Schönherr 886 

Optical Phonons in (Y/Pr)Ba2Cu307 Superlattices 
A . P . L i t v i n c h u k , D . L e a c h , C. Thomsen, 1. Trofimov, 
H. U. H a b e r m e i e r , and M. C a r d o n a 888 

Band Theory and Raman Spectroscopy in High Temperature 
Superconductors (HTSC) 

/. /. M a z i n , O. K. Andersen, S. N. Rashkeev, O. Jepsen, 
C. 0. Rodriguez, and A . I. Liechtenstein 890 

Raman Scattering- and Molecular Dynamics Studies of Fullerene-
Based Materials 

J. M e n i n d e z , K. S i n h a , G. B . Adams, J. B . Page, 
O. F. Sankey, B . L . R a m a n k r i s h n a , L . D . L a m b , 
and D . R . Huffman 892 

q-Dependent Linewidth in the Raman Spectra of Y T ^ C ^ O y : 
Evidence for Landau-Damping of Optical Phonons 

C. Thomsen, B . F r i e d l , and M. C a r d o n a 894 



Observation of the Coupling Between a Crystal-Field Excitation of 
N d 3 + and a Raman-Active Phonon in Pt^S^NdCi^Og 

R . Wegerer, C. Thomsen, M. C a r d o n a , M. Reedyk, 
J. S. X u e , andJ. E. Greedan 

Polarized Raman Spectra of (Cai_ xSr x) 2Cu03 
G. A . Z l a t e v a and M. N. Hiev 

Section 15. PHASE TRANSITIONS, EFFECTS OF 
TEMPERATURE AND PRESSURE 

Concentration Dependence of Deuterium Induced Phase Transitions 
in (NH4) 2 TeCl 6 

B . Arnscheidt, S. Müller, J. F e h l , K.-H. H o c k , 
and C. Dimitropoulos 

Deuterium - Hydrogen Exchange in the NaHCOO/D 2 0 System at 
Elevated Temperatures and Pressures 

R . J. Bartholomen and D . E . I r i s h 

Structural Phase Transformation with 2D Characteristics in Titanite, 
CaTiSi0 5 

U. Bismayer, E . Salje, and C Schmidt 

Diluted Ferroelasticity and Order Parameter Fluctuations in Lead 
Barium Phosphate, (Pb 1. xBa x)3(P04) 2 

U. Bismayer, J. Hensler, H. Boysen, and T. Voigt 

Benzene Phase Transitions under High Pressure and High 
Temperature 

F. Cansell, D . F a h r e , andJ. P . Petitet 

Raman Scattering in PLZT (0.5 - 4)/95/5 Ceramics 
C. Carabatos-Nidelec, J. Handerek, andl. El-Harrad 

Raman Study on Structural Phase Transitions in Lithium Cesium 
Sulphate Crystal 

S. D e v a n a r a y a n a n , G. M o r e l l , a n d R . 5. K a t i y a r 

Effects of Temperature and Pressure on a-Sg Vibrational Modes 
and Induced Phase Transitions 

B . Eckert, H. J. Jodl, and H. O. Albert 

Phase Transitions in Wairakite under High Pressures up to 100 kBar 
5. V. Goryainov, B . A . F u r s e n k o , I. A . Belitsky, 
and O. V. Kholdeev 

Raman Studies of Structural Phase Transitions in 
[ n - C 1 1 H 2 3 N H 3 ] 2 Z n C l 4 

N . G u o , G. Zeng, and S h . Xi 



C O N T E N T S xliii 

A Raman Spectroscopic Study of Phase Transitions in 
(NH4)3H(S04)2 Crystals 

M. A . Hossain, A . Sattar, and J. P . Srivastava 922 

Polarized Raman and IR Spectra of (CH3)3NCH2C(X>H3As04 
Single Crystal 

M. M. Ilczyszyn, J. B a r a n , and H. Ratajczak 924 

Investigation of the Phase Transitions in Ba2NaNb5<I>i5 Crystal by 
means of Raman and Elastic Scattering 

S. V. I v a n o v a and 1 . 1 . N a u m o v a 926 

Raman Study of CsNiF3 Structural Evolution with Temperature 
S. Jandl and P . Dufour 928 

High Resolution Raman Spectroscopy on Molecular Crystals at 
High Pressures and Low Temperatures 

M. J o r d a n , H. Däufer, and H.-J. Jodl 930 

Raman Study of the Phase Transitions in Halogenated 
Benzophenones 

D . K i r i n and V. Volovsek 932 

Low-Frequency Vibrational Dynamics of the Liquid-Glass 
Transition in Glycerol 

S. Kojima 934 

Phase Transitions in Superprotonic Conductor CSQ ^ N H ^ Q X H S C ^ 

T . M h i r i ' 936 

Raman Scattering Study of the Disorder in N-TCNB Crystals 
A . Mierzejewski, J. Lefebvre, and T. Luty 938 

Hyper-Opalescence in Li2Ge70i5 
V. Moiseenko, V. S h a r a i c h u k , and M. Volnyansky 940 

Raman and Brillouin Scattering Near the Liquid Glass Transition 
R . M. Pick, C. Dreyfus, M. K r a u z m a n , C. Simionesco-Alba, 
and H. Z. Cummins 942 

Raman Spectra of the Orthorhombic NaMnF3 Perovskite Crystal 
A . Ratuszna, P h . D a n i e l , C. Ridou, and M. Rousseau 944 

Hard Mode Spectroscopy and Structural Phase Transitions 
E. Salje 946 

Raman Spectra of the Modulated Phases of BCCD at Low 
Temperatures and Hydrostatic Pressure 

G. Schaack and M. Schmitt-Lewen 948 



xliv C O N T E N T S 

High Pressure Raman Studies of External and Internal Modes in 
Solid Nitrogen at 298 K 

H. Schneider, W. Hafner , A . Wokaun, and H. Olijnyk 950 

Study of Structural Phase Transition in Layered Compound CdPS 3 

by Raman Scattering 
T. Sekine, A . O h m a m i u d a , Y. T a n o k u r a , C. M a k i m u r a , 
and K. Kurosawa 952 

The Low Temperature Raman Spectra of 1 5 N H 4 N 0 3 and 1 4 N H 4 N 0 3 

H. F. Shurvell, Y. S. P a r k , R . J. C. B r o w n , 
and L . J. Norby 954 

Pressure Raman Scattering in L iCsS0 4 

E . S. S i l v e i r a , V. Lemos, F . E . A . M e l o , 
and J. Mendes Filho 956 

Raman Study of the Dynamics of Phase Transition in N H 4 S C N 
R . K. S i n g h , B . P . Asthana, and H. D . Bist 958 

Phase Transition Studies in T1N0 3 

M. S. Somayazulu, A . P . Roy, and S. K. Deb 960 

Raman Study of Pressure Induced Phase Transitions in Metallic 
Re0 3 

A . K. Sood, D . V. S. Muthu, N. Chandrabhas, 
and A . Jayaraman 962 

On the Specific Features of Raman Scattering in Crystals with 
Cooperative Jahn-Teller Effect 

/. Stasyuk and Ya. I v a n k i v 964 

Brillouin Scattering of C s N 0 3 

Y. T a k a g i , H. Hasegawa, U. Sasaki, and Y. Takeuchi 966 

Raman Scattering in Spinel-Type Chromites NiCr20 4 and C 0 G 2 C U 

Y. T a n o k u r a , Y. C h i b a , T. Sekine, A . Pajagzkowska, 
and T. Tamaki 968 

High Pressure Raman Studies of Sodium Nitrate 
K. L . Teo, Z. X . Shen, M. H. Kuok, and S. H. Tang 970 

Low Frequency Spectra of Acetaldehyde and Acetaldehyde-D4 

B . H. T o r r i e , B . B r o w n , and T. G a r r e t t 972 

Evidence of Order-Disorder Transition Mechanism in KDP by 
Raman Scattering 

R . Tripathi, P . K. K h u l b e , and H. D . Bist 9 7 4 

Light Scattering in Sn2P2S$ Ferroelectric Crystals 
Yu. M . Vysochansky, V. Yu. S l i v k a , and V. G. Furtsev 976 



C O N T E N T S xiv 

Dispersion Relation of the Ferroelectric Soft Mode of KDP Studied 
by Raman Scattering under High Pressure 

T. Yagi, A . Sakai, and M. A r i m a 978 

Raman Scattering in Ferroelectric Liquid Crystal MBOPDOB Near 
its Phase Transitions 

M . - S . Zhang, Z . Yin, and Q. C h e n 980 

Section 16. LOW DIMENSIONAL AND 
AMORPHOUS SOLIDS 

Raman Scattering in Amorphous Silicon Structures with Different 
Degrees of Disorder 

L . P . Avakyants and E. D . Obraztsova 984 

Raman Study of Crystallization in Sol-Gel Derived Amorphous 
PbTi0 3 

P . Ayyub, V. R . P a l k a r , and M. S. Multani 986 

Excitation Spectrum of the Low-Frequency Raman Scattering by 
Nanoparticles of Direct Zone Semiconductors 

A . V. Baranov, V. I. Petrov, and Ya. S. Bobovich 988 

Raman and I. R. Investigation of Silver Borate Glasses in the 
System xAg 2 0 . ( l -x )B 2 0 3 

B . P . Dwivedi, M. H. R a h m a n , Y. K u m a r , 
a n d B . N . K h a n n a 990 

Evidence of a High Pressure - Low Temperature Amorphous Phase 
of Sulphur 

B . E c k e r t and H . J . J o d l 992 

Raman Spectroscopic Study of High Surface Area Silicas 
B . Humbert and A . B u r n e a u 994 

Graphitization of Carbon in the Multilayers W/C 
Z. Jiang, B . Vidal, G. Desrousseaux, V. D u p u i s , 
M. Piecuch, and M. F. Ravet 996 

Annealing Processes in Amorphous Polyphenyls 
M. K a w a h a r a , H. Nakayama, K. T a n a b e , and K. Ishii 998 

Low Frequency Raman Scattering from Thermally Treated Oxide 
Glasses 

K. E. Lipinska-Kalita and G. M a r i o t t o 1000 

Raman Characterization of Titania Glass 
P . P . Lottici, D . Bersani, M. B r a g h i n i , a n d A . M o n t e n e r o 1002 

Low-Frequency Raman Scattering and Nanostructure of Disordered 
Materials 

V. K. Malinovsky, V. N . Novikov, and A . P . Sokolov 1004 



xlvi 

Raman Spectroscopy of Sol-Gel Derived Silicon Oxycarbide 
Glasses 

G. M a r i o t t o , G. D ' A n d r e a , G. D . Sorarü, and E. Z a n g h e i l i n i 

Broad Bands in Raman Spectra of Alumina 
A . M o r t e n s e n , D . H. Christensen, O. F. Nielsen, 
and E . Pedersen 

Section 17. INDUSTRIAL AND MEDICAL 
APPLICATIONS 

FT-Raman Spectra of Inhalation Anesthetics 
J. Bandekar, M.-L. L a u , K. Johri, and G. V e r n i c e 

Changes in Raman Spectrum Associated with Bending of Optical 
Fibre 

J. M. Benson and C. J. Chunnilall 

A Raman Spectroscopic Approach to the Study of the 
Biocompatibility of Prosthetic Materials 

A . Bertoluzza, M. A . M o r e l l i , A . Tinti, and M . R . Tosi 

Process Analysis of Electroless Nickel Deposition Baths Using 
Raman Spectroscopy 

B . Boß, E . Gantner, H. G. Müller, D . Steinen, 
and H. J. Acne 

Analysis of Pathological Crystals Occurring in Synovial Fluid, 
Cartilage and a Calcific Tendonitis Sample using Raman 
Microscopy 

P . A . Dieppe, D . J. G a r d i n e r , M. Hall, P . SheIiis, 
and A . Swan 

Raman Spectroscopy - a New Tool in Medical Research 
5. Keller a n d B . Schräder 

Stress Transfer in Polyethylene Fibres/Epoxy Composites Studied 
by Micro-Raman Spectroscopy 

B . J. K i p , L . C. N . Boogh, H.-H. Kausch, a n d R . J. M e i e r 

Molecular and Crystal Stress Distribution in High-Performance 
Polyethylene Fibres Studied by Raman Spectroscopy and Wide 
Angle X-Ray Scattering 

B . J. K i p , W. A . C. Roovers, R . J. M e i e r , 
and J. A . H. M. M o o n e n 

Biomedical Applications of Near-IR FT-Raman Spectroscopy 
S. N i e and N.-T. Yu 



C O N T E N T S xlvii 

Remote Quantitative Analysis of Hydrocarbon Mixtures by Raman 
Laser Fibre Optics Method 

H. N . Q u a n g , N. V. T i e n , M. J o u a n , N. Q. D a o , N . Z a n i e r , 
V. Ruffier-Meray, and E. Behar 1030 

Local Stress Analysis in ULSI by Microscopic Raman 
Spectroscopy and Computer Simulation 

H. S a k a t a , N. Saito, N . I s h i t s u k a , and H. M i u r a 1032 

Study of Melamine-Formaldehyde Condensates and Some Cured 
Resins Using Fourier Transform Raman Spectroscopy 

M . L . Scheepers, J. M. C e l a n , R . A . Carleer, and B . J. Kip 1034 

Section 18. RAMAN MICROSCOPY 

Molecular Imaging by Raman Microscopy 
D . N. Batchelder, B . J. E. S m i t h , S. Webster, and C. Cheng 1038 

Relative Dopant Concentration Profiling of Silica Based Optical 
Fibre Slices 

/. M. Benson and C. J. Chunnilall 1040 

Identification of Pigments on Mediaeval Manuscripts by Raman 
Microscopy 

S. P . Best, R . J. H. C l a r k , and R . Withnall 1042 

Determination of Bandshifts as a Function of Strain for the E2 g and 
Ajg Modes in Carbon Fibres Using Raman Microline Focus 
Spectrometry (MiFS) 

M. Bowden, J. B i r n i e , D . J. G a r d i n e r , D . L . G e r r a r d , 
a n d J . M . S o u t h a l l 1044 

Imaging of Molecular Orientation in Polycarbonate Using Raman 
Microline Focus Spectroscopy 

M. Bowden, J. W. Bradley, D . J. G a r d i n e r , and B . J. Kip 1046 

The Study of PVC Degradation Using Microline Focus 
Spectrometry (MiFS) 

/. W. Bradley, D . J. G a r d i n e r , J. B i r n i e , N. M. D i x o n , 
D . L . G e r r a r d , a n d A . S. Wilson 1048 

Study of Metaphosphate Enamel on Titanium Followed by Raman 
Microprobe 

B . Deffontaines, P . Vast, and M. L . D e l e 1050 

Raman Microscopy of Liehen Encrustations 
H. G. M. Edwards, D . W. F a r w e l l , and M. /?. D . Seaward 1052 

Raman Spectroscopic Peculiarities of Tiny Silicon Structures 
L. Holz, A . Semjonov, K. Lenz, A . L a u , W. Richter, 
and H . W i l h e l m 1054 



xlviii CONTENTS 

Mapping the Diffusion Layer by Concentration-Distance Profiling 
Raman Microspectroscopy 

D . E . I r i s h , L . Fytche, M. Odziemkowski, T. Ozeki, 
and G. Szymanski 1056 

Application of Surface Scanning Micro Raman Spectroscopy 
M. L a n k e r s , D . Göttges, A . M a t e r n y , K. Schaschek, 
and W. Kiefer 1058 

Study of Hydroxyl Orientation in Natural Li-Bearing Micas Using 
Raman Microprobe 

J. M . M a l e z i e u x and R . Cavagnat 1060 

Raman Microprobe Study of Chernobyl "Hot" Paiticles 
N . N . M e l n i k , A . V. Slobodyanyuk, and V. E . Tepikin 1062 

High Lateral Resolution Mapping of Stress in Silicon VLSI Circuits 
by Raman Microscopy 

W. J. Rothwell, C. Hill and P . J. Pearson 1064 

Application of Confocal Raman Microspectroscopy to Industrial 
Polymer Systems 

R . Tabaksblat, R . J. M e i e r , and B . J. Kip 1066 

Raman-Castaing Microprobe : State of the Art and First Results 
M. T r u c h e t and M. D e l h a y e 1068 

Near Infrared Raman Microscopy Using a Titanium Sapphire Laser 
K. P . J. W i l l i a m s , N . M. D i x o n , and S. M. M a s o n 1070 

Raman Imaging Microscopy: A Solid-State Approach Using an 
Acousto-Optic Tunable Filter (AOTF) 

E . N . Lewis, P . J. T r e a d o , and I. W. L e v i n 1072 

Section 19. NEW TECHNIQUES 

Recent Development of Confocal Raman Mapping 
J. B a r b i l l a t , E. D a S i l v a , M. D e l h a y e , P . D h a m e l i n c o u r t , 
M. Manfait, and B . Roussel 1074 

Multichannel Near Infrared Raman Spectroscopy 
J. B a r b i l l a t and B . Roussel 1076 

Magnetic Raman Optical Activity and Raman EPR 
L . D . B a r r o n , L . Hecht, and K. A . Allison 1078 

Inelastic X-Ray Scattering with High Energy Resolution 
E . B u r k e l 1080 

Scanning Multichannel Technique - a Method for Improving High 
Resolution Multichannel Detected Spectra 

V. Decken, M. Ganz, and W. Kiefer 1082 



C O N T E N T S xlix 

Waveguide Resonance Raman (WRR) Spectroscopy for the Study 
of Chromophores 

S. E l l a h i , E. Sanchez de la B i a n c a , K. P . J. W i l l i a m s , 
J. N. M o o r e , a n d R . E . Hester 1084 

Near-Infrared Raman Spectroscopy with a Scanning Spectrometer -
a Supplementary Method to NIR-FT-Raman Spectroscopy 

C. E n g e n , T. M i c h e l i s , and W. Kiefer 1086 

The Remote Measurement of the Humidity of Snow Using Raman 
Spectroscopic Technique 

V. V. Fadeev, S. M. Glushkov, and I. M. P a n c h i s h i n 1088 

The Use of Water Raman Stretching Band for Measurement of 
Temperature and Salt Concentration 

V. V. Fadeev and S. V. Patsayeva 1090 

Hadamard Transform Raman Spectrometry: Past, Present and 
Future 

W. G. Fateley, R . M. H a m m a k e r , J. V. Paukstelis, 
A . P . Böhlke, A . N. M o r t e n s e n , J. L . Porter, E . A . O r r , 
J. D . Täte, and S. L . Wright 1092 

Application of ATR Method in Raman Spectroscopy 
M. F u t a m a t a , P . B o r t h e n , J. Thomassen, D . Schumacher, 
and A . O t t o 1094 

Raman Difference Spectroscopy with a Multichannel Spectrometer 
R . Gaufris, Y. A r a b , and P . H u g u e t 1096 

Vibrational Raman Optical Activity of Nucleosides and Nucleotides 
L . Hecht, L . D . B a r r o n , Z. Q. Wen, and S. J. F o r d 1098 

Spike-Correction for CCD-Detected Weak Raman Signals 
W. Hill a n d D . R o g a l l a 1100 

Raman Spectroscopy of Single Microdroplets with a Multichannel 
Compact Spectrometer 

G. G. Hoffmann, B . O e l i c h m a n n , and B . Schräder 1102 

Scanning Multichannel Technique in the Raman Microprobe 
S. L o , R . Singer, F. Krispl, M. Mayer, and P . K n a l l 1104 

Probing Motions in Colloidal Suspensions by Multiple Light 
Scattering 

G. Mar et, W. Leutz, and D . Bicout 1106 

Raman-Mie Scattering Studies of Evaporating Optically Levitated 
Micro Droplets 

K. Schaschek, J. Popp, and W. Kiefer 1108 



Near-Infrared Raman Spectroscopy Using a Semiconductor Filter 
for Rayleigh Rejection 

A . Schulte and Y. D a l 

Wavevector Dependent Quasi-Rayleigh Scattering in Colloids 
A . K. Sood 

Near-Infrared Hadamard Transform Raman Spectrometry -
a Progress Report 

S. L . Wright, J. L . Porter, /. D . Täte, E . A . O r r , 
J. V. Paukstelis, R . M. H a m m a k e r , and W. G. Fateley 

Author Index 



EFFECT OF AGGREGATION ON CHROMOPHORE STRUCTURE IN 
ALLOPHYCOCYANIN STUDIED B Y RESONANCE CARS-
SPECTROSCOPY 

C.J. Prenzel1, G. Brehm1, P. Gedeck1, S. Schneider1*, and H. Scheer2 

1 Institut für Physikalische und Theoretische Chemie, Universität Erlangen-
Nürnberg, Egerlandstr. 3, W-8520 Erlangen, Germany 
2 Botanisches Institut, Ludwig-Maximilians-Universität, Menzinger Str.67, 
W-8000 München 19, Germany 

Photosynthetic organisms absorb light and convert the photonic energy into 
chemical energy by the process of photosynthesis. Usually, the photosystems are 
composed of an intra-membrane reaction center and an associated antenna. In 
cyanobacteria and red algae, the antenna proteins contain an open-chain tetrapyrrole 
bilinchromophore covalently bound to the apoprotein. By chromophore - protein 
interaction, the spectral properties of the biliproteins are tuned for their biological 
function. Recently the structure of the biliproteins phycocyanin (PC) and 
allophycocyanin (APC) and especially the geometry of the chromophores has been 
determined by high-resolution X-ray spectroscopy. The knowledge of the chromophore 
geometry and the arrangement of the chromophores within the natural building blocks, 
the so-called trimers, proved to be essential for the understanding of the energy transfer 
processes within the antenna complexes (phycobilisomes). Until today no Information 
is, however, available for chromophore geometry and arrangement in APC. 

In contrast to the above mentioned biliproteins, the UV-VIS absorption 
spectrum of APC changes dramatically upon aggregation from the monomeric to the 
trimeric aggregation State. Whereas one deals with well isolated chromophores in the 
monomeric unit one could have excitonic coupling between pairs of chromophores in 
the trimer, a fact which could explain the completely different spectroscopic behaviour 
of the trimeric unit compared to the monomeric unit. Alternatively, the geometry of the 
chromophore(s) could change upon aggregation. In an attempt to clarify this important 
open question, we have recorded resonance-enhanced CARS-spectra of monomers and 
trimers of APC from the cyanobacterium Mastigocladus laminosus. In Fig. 1 the 
CARS-spectra of monomers and trimers of APC recorded with a pump-wavelength X 
= 640 nm are shown for direct comparison. Each solid line represents the best fit, 
applying the usual expression for | x 3 | 2 [11. Although it is difficult to compare 
resonance-CARS-spectra just by eye inspection due to the fact that line shapes can be 
rather complex, it is obvious that the prominent bands, which show up in the spectra 
of APC-trimer and APC-monomer respectively, are very different. Such a Statement is 
not true, if one compares the CARS-spectra of PC monomer and PC trimer [2]. 

If the UV/VIS spectra change due to excitonic coupling, one would not 
expect the vibrational frequencies to change since they describe the electronic 
distribution in the ground State. A change of the electronically exited State, to which the 
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Fig. 1 CARS-spectra (Ai> in cm ') of APC monomer (upper) and trimer (lower) recorded at 

a pump wavelength of X = 640 nm with different phasematch angles (right and left). 

pump radiation is in resonance, would (in accordance with the experiments of 
resonance-enhanced spontaneous Raman spectroscopy) change the intensities of the 
various normal modes (since the Franck-Condon factors could be different). Since the 
analysis proves that the differences between the monomer and trimer spectra are not 
produced by a Variation of the relative intensities of bands with constant frequencies 
[2], it must be concluded that the chromophore, which gives rise to the spectrum, does 
change its geometry upon aggregation. One should mention at this point that the 
appearance of CARS-spectra of APC-trimers (from Mastigocladus laminosus) covering 
the double bond region [3] proved to be very sensitive with respect to the chosen pump 
wavelength. An analysis shows, however, that upon changing the pump wavelength 
only the relative intensities of the bands change, but not the frequencies. This can be 
understood, if the two different type of chromophores, which are present, experience 
a different resoncance-enhancement. It can furthermore be stated that PC and APC 
originating from different organisms exhibit similar CARS-spectra, although the exact 
frequency values differ slightly. Since the chemical structure of the chromophores is the 
same, the frequency differences image the Variation in protein - chromophore 
interaction [2]. 
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