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RAMAN OPTICAL ACTIVITY: AN INCISIVE PROBE OF MOLECULAR CHIRALITY 
AND BIOMOLECULAR STRUCTURE 

 
L. D. Barron 

  
Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, UK.  

laurence@chem.gla.ac.uk 
 

 
Chirality, meaning right- or left-handedness, pervades much of modern science.1 

Raman optical activity (ROA) is a novel form of polarization-sensitive Raman spectroscopy 
that probes molecular chirality. It may be measured either through a small difference in the 
intensity of Raman scattering in right- and left-circularly polarized incident light, or through a 
small circular component in the scattered light using unpolarized incident light (Fig.1).1-3 
 

       
 
Fig. 1: Incident circular polarization (ICP) and scattered circular polarization (SCP) ROA experiments, 
together with the SCP ROA (bottom) and Raman (top) spectra of the protein hen lysozyme in aqueous 
solution. 
 

Whereas UV-visible optical rotation and circular dichroism measure electronic optical 
activity, ROA measures vibrational optical activity and so provides much more 
structural/stereochemical information. It may be applied to a vast range of chiral molecular 
structures, from small organics to large biopolymers like the protein lysozyme (Fig. 1). For 
small chiral molecules, comparison of experimental with ab initio computed ROA spectra 
provides the complete three-dimensional structure (conformation and absolute configuration), 
a recent example being the determination of conformational populations of sugars in 
aqueous solution.4 The plethora of structure-sensitive bands in protein ROA spectra makes 
the application of multivariate analysis methods ideal for extracting structural information, 
including the tertiary fold in addition to secondary structure.5 ROA can even provide 
information about polypeptide and carbohydrate structure of intact glycoproteins,5 and protein 
and nucleic acid structure of intact viruses.1,3 

This talk will review the theoretical and experimental background to ROA followed by 
some recent applications to molecular structure and biomolecular science. 
 
[1] L.D. Barron, Molecular Light Scattering and Optical Activity, 2nd ed., Cambridge University Press, 

Cambridge (2004). 
[2] W. Hug in J.M. Chalmers and P.R. Griffiths (Eds.), Handbook of Vibrational Spectroscopy, Vol. 1, 

Wiley, Chichester 2002, p. 745. 
[3] L.D. Barron, L. Hecht, I.H. McColl, E.W. Blanch, Mol. Phys. 102 (2004) 731. 
[4] N.A. Macleod, C. Johannessen, L. Hecht, L.D. Barron, J.P. Simons, Int. J. Mass Spectrom. 

doi:10.1016/j.ijms.2006.01.031. 
[5] F. Zhu, N.W. Isaacs, L. Hecht, G.E. Tranter, L.D. Barron, Chirality 18 (2006) 103. 
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MOLECULAR SPECTROSCOPY AFTER GERHARD HERZBERG 
 

Henry H. Mantsch 
 

National Research Council of Canada 
Science Counsellor at the Canadian Embassy in Germany, 

Leipziger Platz 17, 10117 Berlin, Germany (at present) 
 
 
 This talk is a tribute to the grandmaster of Molecular Spectroscopy, Gerhard 
Herzberg, who was cozily know to his friends and colleagues only as GH. His books, 
published half a century ago, have remained the “Bible” of Molecular Spectroscopy even 
today.  When GH received the Nobel Prize for Molecular Spectroscopy in 1971, he was most 
surprised to receive it in Chemistry and not in Physics. At heart GH always remained a 
“physicist”, yet he understood that Molecular Spectroscopy is not a prerogative of physics 
and that it also serves other disciplines like chemistry, the life sciences and even the arts. In 
fact, when at the age of 90 he visited our lab at the Institute for Biodiagnostics in Winnipeg, 
GH marveled at how far we had taken “his” Molecular Spectroscopy.  
 To all of us who had the privilege to work with GH at the National Research Council in 
Ottawa, he was not only a great scientist, but also a true row model of a human being. In my 
talk I hope to reach many young people who are at the beginning of their career in science. 
Through the example of Gerhard Herzberg I will demonstrate to them the constructive 
influence of such a mentor. Besides, today Molecular Spectroscopy has penetrated all 
aspects of our daily life and thus it constitutes a first-class example of interdisciplinary 
research. 
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RAMAN SPECTROSCOPY FOR CHARACTERIZATION OF  
CARBON NANOTUBES AND RELATED COMPOSITES 

 
C. Domingo 

 
Instituto de Estructura de la Materia, CSIC, Serrano 123, 28006 Madrid, Spain 

cdomingo@iem.cfmac.csic.es 
 
 

Carbon nanotubes (CNTs) are very important systems both from fundamental 
research as well as for their potential applications in different fields1. In particular, these 
singular one-dimensional (1D) systems have exceptional mechanical, thermal and electrical 
properties which make them excellent candidates for being included in composites to 
improve the characteristics of the base material2. Additionally, CNTs (especially Single-wall 
SWNTs) show very interesting optical properties largely due to the 1D confinement of their 
electronic and phonon (vibrational) states, resulting in the so-called van Hove singularities 
(vHSs) in the nanotube density of states (DOS).  

Among all the physical methods employed for characterizing CNTs3, Micro-Raman 
spectroscopy has become a standard tool as it is a non-destructive, preparationless 
technique which provides first and second order Raman bands from where precise 
information about sample purity, NTs structure (diameter distribution, chirality and 
aggregation state) and electronic (MEtallic/SemiConducting) character can be extracted4. 
Moreover, as the Raman effect in CNTs is a resonant phenomena, the corresponding 
spectra are very much enhanced, thus even single isolated nanotubes can be studied.  

In this Lecture, the physical processes giving rise to the characteristic Raman bands 
of the Single- Double- and Multiwalled CNTs, will be briefly described. Special attention 
draw: I) the first order low-frequency RBM (Radial Breathing Modes), crucial for determining 
the structural parameters of SWNts (and DWNTs) mentioned above; II) the D (Disorder 
induced) and G (Tangential mode) bands and their intensities relation, for concluding about 
CNTs purity and ME/SC character; and III) the second order G’~ 2D Raman band.  

Some outstanding results, including non routine Raman imaging and Near-Field 
Raman on isolated SWNTs, showing the state-of-the-art, will be reviewed. Furthermore, 
some changes observed in the Raman bands when the CNTs are embedded/dispersed in 
polymer-composites will also be illustrated5.  

(Resonant) Raman spectroscopy and CNTs are strongly linked, as CNTs constitute 
an incomparable system for the study of Raman spectra of one-dimensional systems and 
Raman spectroscopy has provided a remarkably powerful tool for the characterization of 
SWNTs. 

 
 
 

[1] M.S. Dresselhaus, G. Dresselhaus and Ph. Avouris, Springer Series in Topics in Applied Physics, 
Vol. 80, Springer, Berlin (2001) 
[2] E.T. Thostenson, Z. Renb and T.-W. Choua, Composites Sci. Tech. 61 (2001) 1899. 
[3] T. Belin and F. Epron, Mat. Sci. Eng. B 119 (2005) 105. 
[4] M.S. Dresselhaus, G. Dresselhaus, R. Saito and A. Jorio, Phys. Rep. 409 (2005) 47. 
[5] M.C. García-Gutiérrez, A. Nogales, D.R. Rueda, C. Domingo, J.V. García-Ramos, G. Broza, Z. 
Roslaniec, K. Schulte, R.J. Davies and T.A. Ezquerra, Polymer 47 (2006) 341. 
 
 
 
 
 



Keynote and Plenary Lectures 
(PL-1) 

 

EUCMOS XXVIII – İSTANBUL 2006                                                                                             4 

CONFORMATIONAL STABILITY DETERMINATIONS FROM TEMPERATURE-
DEPENDENT FT-IR SPECTRA OF NOBLE GAS SOLUTIONS OF SEVERAL 3- 

AND 4-MEMBERED RINGS 
 

James R. Durig 
 

Department of Chemistry, University of Missouri—Kansas City, Kansas City, MO 
64110-2499, USA 

 
 
         Variable temperature (–55 to –145C) studies of the infrared spectra (3500 to 100 cm-1) 
of cyclopropylmethyl isocyanate, c-C3H5CH2NCO have been carried out.  By analyzing six 
conformer pairs in xenon solutions, an enthalpy difference of 193±19 cm-1 (2.31±0.23 kJ/mol) 
was obtained with the gauche-cis rotamer the more stable form where the first designation 
indicates the orientation of the CNCO group with respect to the three-membered ring and the 
second designation indicates the relative orientation of the NCO group with respect to the 
bridging C–C bond.  Only this form was present in polycrystalline solid.  The abundance of 
the cis-trans conformer present at ambient temperature is 16±1%.  The potential function 
governing the conformational interchange has been obtained from B3LYP/6-31G(d) 
calculations and the two-dimensional potential has been obtained. From MP2 ab initio 
calculations utilizing various basis sets with diffuse functions, the gauche-cis conformer is 
predicted to be more stable by 223 to 269 cm-1, which is consistent with the experimental 
results.  However, without diffuse functions the predicted conformational energy differences 
are much smaller (77 to 166 cm-1).  Similar diffuse function dependency affects density 
functional theory calculations by the B3LYP method to a lesser extent.   
         These studies have been compared to similar studies1 of cyclopropylmethyl 
isothiocyanate, c-C3H5CH2NCS where the enthalpy difference was found to be 228±23 cm-1 
with a slightly smaller amount of cis-trans conformer present at ambient temperature of 
14±2%.  These results are in marked contrast to what has been found2 for the corresponding 
cyanide c-C3H5CH2CN where the abundance of the cis conformer was found to be 25% and 
the replacement of the cyanide by the ethynyl group3 was found to result in the cis conformer 
being more stable than the gauche form.  The reasons for these significant differences will be 
presented.  Some similar  studies have recently been undertaken for the corresponding 4-
membered rings with a variety of substituents.  Some of these studies are in progress with 
near completion expected in the next few weeks.  As time permits, results for these 
molecules will be provided.   
 
 
 
 
[1] C. Zheng, G. A. Guirgis, W. A. Herebout, B. J. van der Veken, C. J. Wurrey, and J. R. Durig, J. 
Phys. Chem., submitted. 
[2] C. J. Wurrey, S. Shen, X. Zhu, H. Zhen, J. R. Durig, J. Mol. Struct. 449 (1998) 203. 
[3] G. A. Guirgis, C. J. Wurrey, Z. Yu, X. Zhu, J. R. Durig., J. Phys. Chem. A 103 (1999) 1509. 
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THE SCIENTIFIC INVESTIGATION OF ARTWORK AND ARCHAEOLOGICAL ITEMS: 
RAMAN MICROSCOPY, PIGMENTS AND THE ATTRIBUTION OF ARTWORK 

 
Robin J. H. Clark 

 
Christopher Ingold Laboratories, University College London, 20 Gordon Street, 

London WC1H 0AJ, UK 
 
 
 The identification of pigments on works of art and archaeological materials is 
fundamental to furthering our understanding of an object’s history or an artist’s techniques, to 
solving certain conservation and restoration problems, and to providing evidence for dating 
and attribution issues. Raman microscopy has emerged as probably the single most effective 
technique for these purposes as it is non-destructive, non-invasive and can be applied in situ. 
It has the further advantages of high reproducibility, high spatial resolution (<1 micrometre) 
and high spectral resolution <1 cm-1. Moreover the introduction of portable instruments 
means that it is now possible, albeit with some loss of performance and convenience, to 
move the instrument to the object rather than the object to the instrument [1]. 
 The lecture will concentrate upon several high profile studies carried out recently. 
These studies include the critically important establishment of the palettes of the following 
works of art: 

 Highly valuable Anglo-Saxon manuscripts such as the Lindisfarne Gospels c. 715 AD. 
 An Arabic Treatise containing early maps end celestial diagrams c. 1200 AD [2]. 
 Eight Gutenberg Bibles c. 1455 AD [3]. 
 A painting recently reattributed to Vermeer, partly on the basis of Raman-based 

pigment studies, and sold at auction in 2004 for £16.2 million [4].  
Other studies have led to or contributed to the realisation that a significant proportion of so-
called works of art are forgeries, for instance: 

 Egyptian papyri, supposedly dating from 1250 BC, but shown to be illuminated with 
several 20th century pigments including copper phthalocyanine blue. 

 Postage stamp forgeries, Mauritius 1847, Hawaii 1859 [5]. 
The need to check scientifically by Raman microscopy and other techniques as to whether or 
not works of art contain any pigments or other features which indicate lack of authenticity, 
particularly those offered for sale at auction houses, cannot be overstressed. 
 Further Raman and other scientific studies have opened up the field of archaeology 
[6], for example the analysis of American ceramics of the Puebloan period from 
archaeological sites [7] and of metal inclusion or corrosion products etc. [8]. Notable is the 
study of an 1837 Russian three rouble coin of impure platinum metal which led to the 
identification of inclusions within the coin of magnetite and iron-deficient magnetite (thereby 
accounting for the magnetism) and of haematite [8]. The intense Raman band of magnetite at 
668 cm-1 is sensitive to the oxidation state of the iron. The spectroscopic study of artwork and 
archaeological items is expected to develop rapidly in the future as the appropriate 
techniques become better appreciated. 
 
[1] R.J.H.  Clark in Scientific Examination of Art, National Academies Press, Washington D.C., 2005, 
pp. 162-185. 
[2] T.D. Chaplin, R.J.H. Clark, A. McKay, S. Pugh, J. Raman Spectrosc. 37 (2006) in press. 
[3] T.D. Chaplin, R.J.H. Clark, D. Jacobs, K. Jensen, G.D. Smith, Anal. Chem. 77 (2005) 3611-3622. 
[4]  L. Burgio, R.J.H. Clark, L. Sheldon, G.D. Smith, Anal. Chem. 77 (2005) 1261-1267. 
[5] T.D. Chaplin, A. Jurado-Lopez, R.J.H. Clark, D.R. Beech, J. Raman Spectrosc. 35 (2004) 600-604.  
[6] G.D. Smith, R.J.H. Clark, J. Archaeolog. Sci. 31 (2004) 1137-1160. 
[7] J. van der Weerd, G.D. Smith, S. Firth, R.J.H. Clark, J. Archaeolog. Sci. 31 (2004) 1429-1437. 
[8] J. van der Weerd, T. Rehren, S. Firth, R.J.H. Clark, Materials Characteriz. 53 (2004) 63-70.   
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RAMAN SPECTROSCOPY OF EXTREMOPHILES FROM HOT AND COLD 
DESERTS : AN ASTROBIOLOGICAL JOURNEY FROM MARS OASIS, 

ANTARCTICA , TO PLANET MARS 
 

H.G.M. Edwards 
 

Chemical and Forensic Sciences, School of Life Sciences , University of Bradford, 
Bradford, West Yorkshire , BD7 1DP , UK . 

h.g.m.edwards@bradford.ac.uk 
  
 

The survival strategies of extremophilic organisms in terrestrially stressed locations 
and habitats are critically dependent upon the production of protective chemicals in response 
to desiccation , low wavelength radiation insolation , temperature and the presence of 
toxins1. The adaptation of life to the prevailing conditions involves the control of the substratal 
geology ; the interaction between the rock and the organisms is critical and the biological 
modification of the geological matrix plays a  significant role in the overall survival strategy2,3,4 
. The identification of the these biological and biogeological chemical molecular signatures in 
the geological record is ,therefore, a crucial stage in the recognition of the presence of  
extinct or extant life in terrestrial and extraterrestrial scenarios.  

Raman spectroscopic techniques have been identified as valuable instrumentation for 
the detection of life extraterrestrially because of the use of non-invasive laser-based 
excitation of organic and inorganic molecules and molecular ions with high discrimination 
characteristics ; the interactions effected between biological organisms and their 
environments are detectable through the molecular entities produced at interfaces , for which 
the vibrational spectroscopic band signatures are unique. Combination of spectroscopic and 
microscopic data acquisition from Raman microscopes gives an additional information 
category which is essential for the desription of heterogeneous specimens ; for geological 
specimens of significant transparency , the use of confocal microscopy for the spectroscopic 
analysis of subsurface inclusions in crystals is a significant development for the analytical 
detection of halotrophs5 . A very important attribute of  Raman spectroscopy is the acquisition 
of experimental data using remote optical flexible probes without the need for chemical or 
mechanical  pre-treatment of the specimen ; this has been a major factor in the proposal for 
the adoption of Raman instrumentation on robotic landers and rovers –and this is now being 
advocated for the ExoMars programme 6.  

In this paper , the merits of using Raman spectroscopy for the recognition of key 
molecular biosignatures from several terrestrial extremophile specimens will be illustrated 
and some recommendations made for the technical requirements of a miniaturised system 
and its  evaluation for Martian exploration . The data and specimens used in this presentation 
have been acquired from Arctic and Antarctic cold deserts , a meteorite crater , and from a 
hot desert saltpan evaporite  locations from which it will be possible to assess the 
advantages and current limitations of Raman spectroscopic techniques for the detection of 
extraterrestrial extremophilic life signatures.  
 
 
 
References 
[1] C.S. Cockell and J.R. Knowland , Biol.Revs. 74 (1999) 311. 
[2] D.D. Wynn-Williams and H.G.M. Edwards, Planetary Space Sci. 48 (2000) 1065.  
[3] D.D.Wynn-Williams and H.G.M. Edwards, Icarus 144 (2000) 486. 
[4] S.E. Jorge Villar , H.G.M. Edwards and C.S. Cockell , Analyst  130 (2005) 156. 
[5] H.G.M. Edwards , S.E. Jorge Villar , J. Parnell , C.S. Cockell and P.Lee, Analyst  130 (2005)917. 
[6] S.E.Jorge Villar and H.G.M. Edwards , Analytical & Bioanalytical Chemistry 217(2006)100. 
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AB INITIO STUDIES OF THE PROPERTIES OF THE MOLECULAR COMPLEXES 
OF BORON TRIFLUORIDE WITH METHANOL AND METHANETHIOL. 

COMPARISON WITH SOME RELATED OXYGEN AND SULPHUR BASES 
 

T. A. Ford 
 

School of Chemistry, University of KwaZulu-Natal, Durban 4041, South Africa 
ford@ukzn.ac.za 

 
 

The structures, interaction energies and vibrational spectra of the electron donor-
acceptor complexes of boron trifluoride with methanol and methanethiol have been 
determined by means of ab initio calculations, at the level of second order Møller-Plesset 
perturbation theory, using the 6-311++G(d,p) basis set. The shifts of the wavenumbers of the 
intramolecular modes of the Lewis acid fragment have been calculated, for comparison with 
those measured in cryogenic matrices, when such results become available. 

The computed properties of these complexes have been compared with those of the 
analogous adducts of boron trifluoride with water, hydrogen sulphide, dimethyl ether and 
dimethyl sulphide. Some relationships have been observed between the calculated 
intermolecular geometries, interaction energies and vibrational wavenumber shifts of the 
complexes and some physical properties of the Lewis bases, including their gas phase 
basicities, ionization energies and mean polarizabilities. 
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SOME ASPECTS OF NON-COVALENT BONDING IN VAN DER WAALS AND 
HYDROGEN-BONDED MOLECULAR CLUSTERS AND THE CORRESPONDING 

SPECTROSCOPIC MANIFESTATIONS - A THEORETICAL INSIGHT 
 

Ljupčo Pejov 
 

Institute of Chemistry, Faculty of Science, Arhimedova 5, POBox 162, 1001 Skopje, MACEDONIA 
ljupcop@iunona.pmf.ukim.edu.mk 

 
 

Studies of intermolecular interactions leading to formation of non-covalently bonded 
molecular clusters are of certain relevance to contemporary chemical physics. The main 
reason for this is that such systems in a sense bridge the gap between the isolated 
molecules and the condensed phases they form. On the other hand, it appeared that besides 
the weak character of these interactions, they may play the central role in molecular 
recognition and other phenomena relevant to biochemical sciences. To understand these 
phenomena of weak bonding at a fundamental level, combining the most sophisticated 
experimental and theoretical approaches is required. In this lecture, several types of 
intermolecular interactions studied by the author are reviewed, such as blue-shifting 
hydrogen bonding1, dihydrogen bonding2, -type hydrogen bonding3-5, purely electrostatic 
bonding etc. To illustrate the mentioned interactions, the following systems are considered: 
CF3H-H2O, CF3H-HCOH, CF3H-CH3CN, CF3H-(CH2)2O, CH3OH-C6H5F, indole dimer, pyrrole 
dimer, indole-pyrrole, phenol-CO, phenol-C2H2, (phenol)2

+, phenol-benzene cation, phenol-
boranetrimethylammine (phenol-BTMA), 2-pyridone-BTMA, C6F6-CO. Besides the structural 
aspects concerning the minima located on various potential energy hypersurfaces of the 
mentioned species, special attention is paid to the spectroscopic manifestations of these 
interactions. It is demonstrated that sufficiently high level of theory is required to reproduce 
the experimentally measured vibrational frequency shifts of particular modes induced by the 
interaction, and that the harmonic approximation may only lead to a fortuitous agreement 
with the experiment, due to cancellation of errors. It is therefore necessary to calculate the 
anharmonic vibrational frequency shifts for these purposes. On the basis of this approach, 
however, in some cases even reinterpretation of experimental observations may be 
suggested. Performing a more in-depth analysis of the anharmonic vibrational potentials of 
the relevant intramolecular modes, including partitioning of the interaction energy for 
sampled points on the potential energy curve, allows in most cases a profound insight into 
the physics behind the vibrational frequency shifts to be acquired. By combination of 
electrostatics reasoning, based on multipole expansion techniques, with the contemporary 
quantum chemical methods, existence of rather peculiar (at least from a classical “chemical” 
viewpoint) molecular clusters may be understood. 

 
 

 
[1] Lj. Pejov, K. Hermansson, J. Chem. Phys. 119 (2003) 313. 
[2] Lj. Pejov, Gj. Ivanovski, Chem. Phys. Lett. 399 (2004) 247. 
[3] Lj. Pejov, Chem. Phys. Lett. 358 (2002) 368. 
[4] Lj. Pejov, Chem. Phys. Lett. 339 (2001) 269. 
[5] Lj. Pejov, Int. J. Quantum Chem. 92 (2003) 516. 
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SURFACE-ENHANCED SPECTROSCOPY ON FUNCTIONALIZED METAL 
NANOSTRUCTURES 

  
S. Sanchez-Cortes, C. Domingo, J. V. Garcia-Ramos 

 
Instituto de Estructura de la Materia, CSIC, Serrano, 121. 28006 Madrid. Spain 

imts158@iem.cfmac.csic.es 
 

 
Surface-enhanced optical spectroscopies (SEOS) have become very useful analytical 

methods for chemical and biochemical detection and analysis in the last times. These 
techniques are based on the giant electromagnetic enhancement observed in the vicinity of 
metal nanoparticles, due to the plasmon resonance. Among these techniques, SERS 
(Surface-enhanced Raman spectroscopy) has been largely employed and studied due to the 
larger enhancement of Raman scattering on metal nanostructures in comparison to IR and 
fluorescence. However, in the last years an increase in the application of the SEIR (Surface-
enhanced infrared) and SEF (Surface-enhanced fluorescence) also occurred.  

SEOS techniques require the presence of metal nanoparticles. Thus, their application 
have depended on the development of the nanotechnology associated to the preparation of 
nanostructured metal particles and aggregates. In this work we have carried out a 
comparative study of metal nanoparticles prepared by different methods concerning their 
application in SEOS. Apart from the metal nature and morphology, other important issues to 
take into account in these surface techniques are the molecular adsorption and the physico-
chemical properties of the interfaces.  

SERS, in particular, requires the close proximity of the scattering molecule to the 
surface in order to undergo an enhancement of its vibrational spectrum. We have studied a 
large list of adsorbates with different structures, concluding that there are three main 
adsorbate groups regarding the adsorption strength on a metal surface: non active 
molecules, which do not adsorb wee on the surface, molecules adsorbed onto the surface 
(mainly those molecules chemisorbed undergo a higher enhancement), and molecules which 
are so strongly attached that undergo a catalytic modification induced by the metal. The 
major part of SERS studies has been carried out on the second group. However many 
hazardous pollutants such as the polycyclic aromatic hydrocarbons (PAHs) and pesticides 
represents an important group of compounds which cannot approach the metal surface, and, 
consequently, can not be detected by neither SERS nor SEIRA.  

The affinity of these pollutants can be increased by a proper functionalization of the 
metal surface with host molecules. The formation of self-assembled monolayers of 
bifunctional molecular adsorbates is a good procedure to enhance the spectroscopic 
sensitivity and the molecular selectivity of metal nanostructures. These features are, indeed, 
very important in the design of chemical sensors based on SEOS.  

In this work we show the results obtained by surface functionalisation of Ag 
nanoparticles with different host molecules: calixarenes, cationic aromatic hosts, carbon 
nanotubes, humic acids. We have seen that the sensitivity and selectivity of the metal-host 
functionalised systems can be modulated by modifying the chemical groups existing in the 
lower and upper rims of the host.  

In conclusion, the results derived from our study are of great interest for the 
fabrication of metal-host systems with a high sensitivity and selectivity in the detection of 
pollutants, and whose specificity can be easily modulated by changing the chemical groups. 
The information derived from this study can be applied in the design of advanced chemical 
sensor based on surface-enhanced optical techniques. 
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SINGLE MOLECULE SERS: PERSPECTIVES OF ANALYTICAL APPLICATIONS 
 

B. Vlckova 1, M. Moskovits2, I. Pavel2, M. Sladkova 1, K. Siskova1 and M. Slouf 3   
 

1Department of  Physical and Macromolecular Chemistry, Charles University, Hlavova 2030, 12840 
Prague 2, CZECH REPUBLIC.                                                                                     

2  Department of Chemistry and Biochemistry, University of California at Santa Barbara, Santa 
Barbara, CA 93106 USA 

3 Institute of Macromolecular Chemistry ASCR, Heyrovsky Sq.2 16206 Prague 6, CZECH REPUBLIC. 
 
 
                 Recent challenging development in SERS and SERRS spectroscopy is associated with 
the discovery of its single molecule sensitivity [1]. Achievement of single molecule level of SERS 
(Surface-Enhanced Resonance Raman Scattering) and/or SERRS (Surface-Enhanced Resonance 
Raman Scattering) spectral detection is conditioned by localization of detected molecules into strong 
nanoscale-localized optical fields (dubbed hot spots [2]). Recent theoretical treatments predict SERS 
enhancement factors as high as 1 x 1015 for chromophoric molecules (in particular rhodamine 6G) 
located in the hot spot amidst two Ag nanoparticles of a suitable size [3]. Several pathways to 
experimental realization of such optimal nanoparticle geometries have been explored and single 
molecule SERS and/or SERRS spectra were reported [4]. Owing to a combination of single molecule 
sensitivity with the fingerprint selectivity inherent to methods of vibrational spectroscopy, single 
molecule SERS spectroscopy offers unprecedented possibilities of analytical applications. On the 
other hand, one of the most challenging questions is whether the perspectives of single molecule 
detection are open to all kinds of molecular species as the prospective analytes. A possible limitation 
in a widespread use of single molecule SERS could stem from surface-enhanced and/or surface-
induced photochemical processes which may obstruct a reliable analyte detection on a single 
molecule level. In addition to that, several important questions related to single molecule SERS 
experiments remain to be answered. For example, the origin of temporal fluctuations of SERS signal 
(called blinking and frequently observed in single molecule SERS) has not yet been fully explained.  
              The highlights and possible limitations of single molecule SERS will be discussed on the 
basis of the results recently obtained in our laboratories in comparison to those recently published by 
other research groups. We will compare several strategies by which dimers and small aggregates of 
silver (Ag) nanoparticles are assembled and by which molecules are localized into hot spots created 
by an external laser excitation in the interstices between the nanoparticles. One of our recently 
elaborated approaches is based on an idea that molecules linking together two or more Ag 
nanoparticles will be automatically located in hot spots. Dimers and small aggregates of Ag 
nanoparticles linked together by several types of bifunctional linkers (e.g. 4,4’-diaminoazobenzene) 
have been assembled on chemically functionalized supporting surfaces suitable for combined TEM-
SERS micro-Raman studies. Temporally fluctuating SERS signals of linker molecules measured from 
a selected single dimer or small aggregate are interpreted in terms of molecular dynamics of a single 
or a very few molecules, which, in turn, is specific for each of the linkers. Furthermore, we 
demonstrate that although some of the linker molecules undergo a photochemical decomposition, a 
rapid acquisition of SERS spectra as a function of time in 1s intervals provides us with one or more 
spectra in which the characteristic spectral bands of the unperturbed linkers can be identified.  
              Finally, several prospective pathways towards decreasing the risks of thermal and/or 
photochemical decomposition of molecules localized in strong optical fields in the course of single 
molecule SERS experiment will be outlined.  
                Financial support by the 203/04/0688 (GACR), 1P05ME790 (MSMT of CR) and the OISE-
0406665 (NSF) grants is gratefully acknowledged. 
 

[1] K. Kneipp, Y. Wang, H. Kneipp, L. T. Perelman, I. Itzkan, R. R. Dasari, and M. S. Feld, Phys. 
Rev. Lett. 78 (1997) 1667. 

[2] M. Moskovits, L. L. Tay, J. Yang, and T. Haslett, Topics Appl. Phys. 82 (2002) 215. 
[3] Johansson, H. Xu, and M. Kall, M. Phys. Rev. B 72 (2005) art. No. –035427. 
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H. Xu, E.J. Bjerneld, M. Kall and L. Borjenson,  Phys. Rev.Lett. 83 (1999) 4357. M. Sladkova, 
B. Vlckova, P. Mojzes, M. Slouf, C. Naudin, and G. Le Bourdon, Faraday Discuss. 107 (2006), 
in press. 
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When used together with conventional spectroscopic methods (e.g., FTIR 
spectroscopy), matrix isolation constitutes a very powerful technique to investigate the 
photochemistry of single molecules. In matrix-isolation spectroscopy the sample to be 
studied is prepared by deposition under high vacuum conditions of the necessary amounts of 
the target substance and support gas (usually an inert gas such as argon) on a suitable 
optical substrate cooled at a temperature of a few degrees Kelvin. Under these conditions 
the spectral resolution strongly increases due to the band narrowing effects associated with 
both the extreme low work temperature and matrix rigidity (molecular diffusion as well as 
rotational and vibrational hot transitions are suppressed). Once a matrix of a given substance 
has been prepared, selective in situ irradiation can be undertaken in order to promote diverse 
types of photochemical processes such as conformational isomerization [1,2], 
tautomerization [3] or fragmentation (including photo-degradation) [4].  

In this talk, a brief description of the matrix isolation method, highlighting its advantages 
over other sampling methods for the investigation of molecular structure and photochemical 
reactivity will be given, followed by the presentation of a series of illustrative examples of 
application of the method to the study of some selected heterocyclic compounds. These 
include photochemically induced conformational isomerizations and tautomerizations, ring-
opening reactions and photofragmentation processes. 
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Secondary structures play an important role to explain the function of proteins. There 
are different important binding motifs like -sheets, -helices, -turns or -turns. These 
structures are stabilized by intra- or intermolecular hydrogen-bonds. In order to figure out the 
influence of an individual H-bond on the structure and to learn more about the driving forces 
to form secondary structures, isolated di- up to pentapeptides and peptide aggregates are 
analyzed by mass-, isomer-, and state selective combined IR/UV techniques, i.e. for each 
isomer of a given peptide or peptide aggregate an individual IR-spectrum can be recorded in 
a molecular beam experiment (IR/R2PI). The different isomers are selected by ionization 
after resonant UV excitation which differ for each isomer (R2PI). This process is very efficient 
for peptides containing an aromatic amino acid (phe, tyr, and trp). Due to our development of 
a new narrow band-width and high power IR laser we are able to obtain IR/R2PI-spectra in 
the complete region from 1000 – 4000 cm–1 for each selected isomer. In combination with 
force field and ab initio calculations the IR spectra yield the structural binding motifs of all 
isomers as well as the strength of the individual H-bonds. By adding water gradually the 
influence of a microsolvation shell on the secondary structure can be investigated. Not only 
water but also templates can form aggregates with peptides. The chosen templates are 
important to inhibit pathogenic -sheets, especially the aggregation of templates to a peptide 
sequence responsible for Alzheimer disease will be discussed. 
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It is known fact that when in a molecule pi electron delocalization takes place over 
long distances (polyconjugation) the vibrational spectra are strongly affected (both 
frequencies and intensities) and produce spectra which even escape the traditional group 
frequency correlations used in chemical diagnosis. Raman spectra are the source of 
interesting data on the electronic properties of polyconjugated molecules in their “pristine” 
(i.e. undoped) state while the infrared spectra are extremely useful when the same systems 
are “doped” in a state which is electrically conducting. We have contributed to the 
understanding of these peculiar vibrational spectra by proposing the so called ECC (Effective 
Conjugation Coordinate) theory which tries to account for the contribution to the Raman 
scattering /IR absorption by the delocalized pi electrons. 

The peculiar physics which makes these molecules relevant for materials science 
and technology includes consideration of their peculiar optical properties. We focus in this 
talk on the reversible optical properties of a class of photochromic organic materials 
(oligomers and polymers) originally synthesized and characterized in our group. These 
studies have paved the way to the development of optical devices offered to the 
astrophysical community.  

In this talk we will show the relevant contribution by Raman spectroscopy, through 
ECC theory (and also quantum chemical calculations), to the understanding of the electronic 
configurations of the two reversibly interconverting species which are the basis of the 
photochromism of these materials. From these studies interesting technologically relevant 
innovative developments can be derived. First we consider innovations in optical imaging 
based on our photochromic materials. The writing and erasing of the information is achieved 
with UV and visible radiations respectively while the reading (with no erasing!) is achieved in 
the IR region using specific absorption bands. Devices have been obtained and in particular 
focal plane masks for optical telescopes have been produced and actually tested on a 
telescope; to our knowledge this goal has never been reached before.  

The second application being developed, based on the photochromism monitored 
by Raman spectra, is the writing and erasing of optically written erasable optical gratings. 
The efficiency of the grating could be maximized only by maximizing the change of the 
refractive index of the two photoactivated interconverting molecules. Also with the help of 
spectroscopy and quantum chemistry suitable photochromic molecules have been 
synthesized, characterized and used for the fabrication of such optical gratings. The optical 
fatigue turns out to be extremely.  

In this talk we will present: i) the theoretical aspects of the vibrational spectra of 
polyconjugated molecules, ii) the Raman spectra of several of the photochromic molecules 
used and iii) the optical devices developed and successfully tested.  
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 The profiles of hydrogen stretching infrared bands of hydrogen-bonded systems in 
gas phase, liquids and solids will be presented and discussed on the basis of recently 
developed theories (1-3). Infrared spectra of hydrogen-bonded systems in the range of the 
(XH) stretching vibrations are very complicated.The bands are broad with many sub-
maxima.It will be demonstrated that the main mechanisms responsible for the genaration of 
complicated profiles of hydrogen stretching bands are the anharmonic coupling between the 
high-frequency stretching vibration, (XH), and low-frequency vibrations of the X-H...Y bridge 
in the gas phase and solutions, or with low-frequency lattice phonons in solids. 
 In addition one has to take into account Fermi resonances between states involving 
the (XH) stretching and  overtones or combinations of some internal modes and Davydov 
resonances in solids. 
 The application of the Car-Parrinello Molecular Dynamics Simulation Method to study 
the broad protonic infrared absorption in a short intramolecular hydrogen bond will be 
presented too. 
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1.S.Bratos, J-Cl.Leicknam, G.Gallot and H.Ratajczak in “Ultrafast Hydrogen Bonding Dynamics and 
Proton Transfer Processes in the Condensed Phase, edited by T.Elsaesser and H.J.Bakker, Kluwer 
Academic Publishers, 2002 p.5 
2.H.Ratajczak and A.M.Yaremko, J.Mol.Structure (THEOCHEM), 500 (2000) 413 
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      In order to understand the mechanism of photochemical reactions, it is of utmost 
importance to clarify the structure and dynamics of electronic excited states and photo-
generated short-lived transient species which play vital roles in the physical and chemical 
processes involved. In this study picosecond and nanosecond time-resolved resonance 
Raman and UV-visible absorption spectroscopies and nanosecond time-resolved IR 
spectroscopy were utilized with the purpose of obtaining information on the structure and 
dynamics of electronic excited states and photo-generated transient species of a few 
compounds having photochemical interest. 

     Structural changes in the electronic excited states: (1) The ground state structure of 
benzil is known to be in a skewed configuration about the central C-C bond both in the 
crystalline state and in solutions. Nanosecond time-resolved IR spectra and picosecond and 
nanosecond time-resolved Raman and absorption spectra of the S1 and T1 states of benzil 
and its isotopically substituted analogues indicated that in the S1 state, benzil changed its 
structure from a skewed configuration about the C-C bond of the Franck-Condon state to the 
trans-planar configuration of the relaxed state. The structure of the T1 state is also in the 
trans-planar configuration. (2) 5-dibenz[b,f]azepine exhibited extremely rapid changes of the 
absorption spectra in the picosecond time domain (less than 20 ps in methanol). The spectral 
changes can be attributed to conformational changes in the singlet manifold of the electronic 
excited states from the bent configuration of the Franck-Condon state to the planar 
configuration of the relaxed S1 state.   

     Vibrational cooling in the T1 state: It was found that 5H-dibenzo[a,d]cyclohepten-5-
one exhibited vibrational cooling in the T1 state with the decay time of 16.2 ps. This is the first 
observation of the vibrational cooling in the T1 state. The T1 state of this compound has a 
* character, while the S1 state of this compound has an n* character. The observation 
of the vibrational cooling in the T1 state can be attributed to the extremely rapid S1(n*) → 
T1(*) intersystem crossing (allowed transition according to the El-Sayed rule).  

     Competition between photo-ionization and photo-deprotonation: Nanosecond time-
resolved absorption and Raman spectra of carbazole in acetonitrile and its isotopically 
substituted analogues revealed that the photo-protonation and photo-ionization of carbazole 
occurred competitively through different biphotonic processes on excitation with 308 nm light: 
the photo-ionization to generate cation radical occurred in the singlet manifold of the 
electronic excited state, while the photo-deprotonation to produce carbazyl radical by the 
cleavage of the N-H bond proceeded through the triplet manifold.  

     Photo-induced intramolecular proton transfer: Ortho-nitrobenzyl compounds are 
known to exhibit photochromism in solution through reversible proton transfer from the 
methylene group to proton-accepting sites in the molecule. In the case of 4-(2’-
nitrobenzyl)pyridine, an absorption band was observed at 423 nm with a shoulder at 392 nm 
at 100 ns after UV irradiation. At 10 s these bands disappeared while new bands appeared 
at 379 and 544 nm. The band at 423 nm is assignable to the aci-nitro acid generated through 
direct transfer of a methylene proton to the ortho-nitro group. The shoulder at 390 nm is 
attributed to the aci-nitro anion produced in the dissociation of the aci-nitro acid. The bands 
at 379 and 544 nm are assigned to the N-H quinoid isomer generated through an indirect 
transfer of a methylene proton to the 4-pyridyl group.  
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  Hofmann type clathrates are one of the most thoroughly studied families of inclusion 
compounds. Their general formula is M(NH3)2M’(CN)4·2G, where M{Ni, Co, Zn, Fe, Mn, Cd}, M’{Ni, 
Pd, Pt}, while G is benzene, thiophene aniline, pyrrole, dioxane or byphenyl. These inclusion 
compounds have attracted significant attention because of their structural peculiarities, such as 
orientation of particular guest molecules, nature of the host-guest interactions, differences in the 
enclathration energies, but also because of their practical application. The cage structure and the 
inclusion character of these compounds can be used for storage, exchange, separation and scavenger 
for organic substances in polluted aqueous or organic medium.  
  This work comprises the results from the spectroscopic investigation of the series of Hofmann 
type clathrates highlighting the most important segments of our experimental and theoretical work on 
these compounds. Three main points of these spectroscopic studies will be discussed: (i) 
spectroscopic evidence of the host-guest interaction (ii) assignment of the mid-infrared and Raman 
bands due to the host lattice and the gust molecule and to the (iii) assignment of the far-infrared and 
Raman bands in the low frequency region.  

(i) The host-guest interactions were studied through (a) the changes in the bands due to the 
CH out-of-plane bending modes in the guest (benzene) molecule and through (b) the changes in the 
symmetric bending s(NH3) and/or rocking, (NH3) modes due to the host lattice. The magnitude of the 
observed splitting of the 19 CH out-of-plane mode due to the guest (benzene) molecule at LNT served 
as a measure of the host-guest interaction and was correlated with the volume of the tetragonal unit 
cell of the Hofmann type clathrates and with the effective ionic radii of octahedrally coordinated metal 
M, and square-planar coordinated metal, M’. This interaction was also recognized with the quantum 
theoretical models. The changes observed in the symmetric bending s(NH3) modes due to the host 
lattice were detected by the gradual abandoning of the guest molecules from the host lattice. The 
magnitude of the observed splitting of the bending s(NH3) modes and their ratio of intensities is 
strongly dependant on the volume of the tetragonal unit cell of the Hofmann type clathrates. 

(ii) The mid-infrared and the corresponding Raman bands due to the guest molecules and 
the host lattice were assigned and correlated with other published data. 

(iii) The far-infrared and the corresponding Raman bands of the vibrational spectra in the 
low frequency region, originating from the host lattice: M(NH3)2M’(CN)4, were assigned to the stretching 
and deformational vibrations of (a) the M(NH3)2 ligands: (M-N) and (NMN)  and of (b) the M’(CN)4 
groups: (M’-C), (M’CN), (CM’C). 
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 Identification of organic structures is mainly based on spectroscopic techniques. UV, 
IR, Mass, X-ray and particularly NMR are commonly used spectroscopies and various 1- and 
2-D NMR techniques have been used for elucidation of natural organic compounds. 
 In this presentation, structure elucidation of some bioactive natural compounds 
obtained from Lamiaceae family plants, such as Teucrium, Salvia and Sideritis species will 
be given. Their structure elucidation was based on namely 1- and 2-D NMR techniques as 
well as UV, IR, MS and when possible X-ray, and their cytotoxic activities were investigated 
against a series cell line. 
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[1] A. Ulubelen, G. Topçu, Diterpenoids from Salvia species and their pharmacological activities, in 
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[2] G. Topçu, C. Eriş, A. Ulubelen, M. Krawiec, W.H. Watson, New rearranged neo-clerodane 
diterpenoids from Teucrium alyssifolium. Tetrahedron 51, 11793-11800 (1995). 
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Ions and ion-ligand interactions play a crucial role for many processes in physics, 
chemistry and biology (e.g., chemical reaction mechanisms, plasma and combustion 
processes, planetary and interstellar chemistry, biomolecular recognition). The fundamental 
understanding of these phenomena at the molecular level requires the knowledge of the 
potential energy surface of the molecular ion and its interaction with the surrounding solvent 
molecules. To this end, we characterize isolated cluster ions of the type X+-Ln, in which a 
central cation (X+) is microsolvated by a variable number (n) of neutral ligands (L). The 
methods are mass spectrometry and spectroscopy on the experimental side and quantum 
chemical techniques on the theoretical side. The fruitful combination of these approaches has 
proven to provide the most detailed access to the desired potential energy surfaces.1 The 
clusters are generated in a supersonic plasma expansion, which is obtained by electron 
impacting a pulsed molecular beam. IR spectra are then obtained by the very sensitive and 
selective technique of single-photon photodissociation spectroscopy (IRPD) in a tandem mass 
spectrometer using a high-resolution OPO laser in the spectral range of 2500-7000 cm-1.2 In 
addition, some experiments have also been conducted using the intense IR free electron laser 
CLIO (500-2500 cm-1) in combination with a FT-ICR mass spectrometer, which allows to 
dissociate strongly bound ions via IR multiphoton photodissociation (IRMPD).3 Recent 
applications include the characterization of: 

 
   (1) Protonation and microsolvation of protonated aromatic molecules (short-lived 
 reactive intermediates in electrophilic aromatic substitution);4,5 

   (2) Aromatic ion-ligand interactions of biophysical interest;6,7 

   (3) Elementary CnHm
+ carbocations;2 

   (4) SN2 reaction intermediates;3,8 

   (5) Proton wires of interest for biochemical proton transfer catalysis and proton 
 conductivity in solution.7,9 

 
In the presentation, selected results will be presented to demonstrate the potential of 

the combined experimental and theoretical approach. 
 
 
 

   [1] E.J. Bieske and O. Dopfer, Chem. Rev. 100 (2000) 3963. 
   [2] O. Dopfer, Int. Rev. Phys. Chem. 22 (2003) 437. 
   [3] O. Dopfer, J. Phys. Org. Chem. 19 (2006) in press. 
   [4] N. Solca and O. Dopfer, Angew. Chem. 114 (2002) 3781; ibid. 115 (2003) 1575; J. Am. Chem. 
 Soc. 125 (2003) 1421; ibid. 126 (2004) 1716; Chem. Eur. J. 9 (2003) 3154; J. Chem. Phys. 

120 (2004) 10470; ibid. 121 (2004) 769; Chem. Phys. Chem. 6 (2005) 434. 
   [5] O. Dopfer et al., J. Phys. Chem. A 109 (2005) 7881; Int. J. Mass Spectr. 249-250 (2006) 149. 
   [6] O. Dopfer, Z. Phys. Chem. 219 (2005) 125. 
   [7] H.-S. Andrei, N. Solca, O. Dopfer, Chem. Phys. Chem. 7 (2006) 107.  
   [8] U. Lorenz, N. Solca, O. Dopfer, Chem. Phys. Lett. 406 (2005) 321. 
   [9] N. Solca, O. Dopfer, J. Am. Chem. Soc. 126 (2004) 9520; J. Phys. Chem. A 109 (2005) 6147. 
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 Hepatitis C virus (HCV) is a major cause of chronic hepatitis, liver cirrhosis and 
hepatocellular carcinoma. It contains a 9.6-kb plus-strand RNA genome composed of a 5’ 
noncoding region (5’NCR), a long open reading frame (ORF) encoding a polyprotein 
precursor of about 3,000 amino acids and a 3’ NCR. The HCV polyprotein precursor is co- 
and posttranslationally processed to yield the mature structural and non-structural proteins. 
The structural proteins include the core protein, which forms the viral nucleocapsid. This 
protein is a highly basic, RNA-binding protein whose structure is poorly characterized. A 
better understanding of the structural properties of core protein and viral RNA is essential to 
provide a framework for elucidation of HCV nucleocapsid assembly and to further evaluate 
the core molecular interactions with numerous host compounds. We provide here novel 
insights into the structure of core protein and viral 5’NCR RNA in reconstituted HCV 
nucleocapsid particles.  

We have first found in vitro particles of pure protein, having similar morphology and 
size distribution of those of nucleocapsids found in sera from HCV-infected patients. Overall, 
our spectroscopic results reveal that the secondary structure of these protein particles 
involve -sheet enrichment in relation to its protein monomer.1 Tertiary/quaternary structure 
has been also studied using the dynamics of H/D exchange.2 With this aim infrared spectra 
were measured as a function of H/D exchange time and subsequently analysed by principal 
component analysis and two-dimensional correlation spectroscopy. Temporal dynamics of 
exchange for these protein particles were as follows: arginine residues exchanged first, 
followed by turn and unordered structures, followed by -sheets which may act as linkers of 
protein monomers. Solvent accessibility of protein arginine residues is consistent with ionic 
protein-nucleic acid interactions which provide nucleocapsid stability. FTIR-monitored H/D 
exchange of the viral nucleic acid reveals the presence of AA·U triplets, and the vibrational 
coupling between the ribose ether C-O stretching and 2’OH bending motions suggests that 
helical regions of 5’UTR RNA are characterized by hydrogen bonding between the 2’OH 
ribose groups and the ether oxygen atoms of neighbouring ribose residues.  
 
 
 
 
 
[1] A. Rodríguez-Casado, M. Molina, P. Carmona, Biopolymers (in press). 
[2] A. Rodríguez-Casado, M. Molina, P. Carmona, Anal. Bioanal. Chem. (in press). 
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In the last decades, time-resolved spectroscopies have played a crucial role in the 
understanding of ultrafast photophysical and photochemical processes in condensed phase. 
In this field, transient absorption and emission spectroscopies are the most widely used 
techniques. Fluorescence spectroscopy has very high sensitivity and provides essentially 
information about the first excited singlet state S1 of molecules and its dynamics but is unable 
to probe non fluorescent excited states (triplet state) and ground state intermediates (cations, 
anions, radicals…). On the contrary, ultrafast absorption spectroscopy can provide 
information about most of the intermediates involved in the photochemical and photophysical 
processes provided theses intermediates absorb in the spectral windows under study. 
Although the sensitivity of this technique is lower than that of fluorescence, it is still good 
enough to probe low concentrated transient species in solution. We have developed in our 
laboratory an ultrafast absorption spectrometer which exhibits a 100 fs time-resolution, a high 
sensitivity (detection of absorption variation down to 0.1 mOD) in the 300-700 nm spectral 
range. This setup has been applied to the study of numerous photo-induced chemical 
reactions. In this talk, we will give some recent results obtained for photochromic compounds 
and for hydroxyquinolines. 

Photochromism is a reversible phototransformation of chemical species between 
two forms showing different absorption spectra. This effect can result from various types of 
chemical reaction (cis-trans isomerization, electrocyclic or cycloaddition reactions, 
tautomerization, photodissociation processes…). We have investigated by transient 
absorption spectroscopy different substituted spirooxazines and 2H-chromenes for which the 
photochromism proceeds via a C-O bond cleavage followed by isomerization, and some 
quinolone-ketones for which the photochromism is based on intramolecular hydrogen atom 
transfer. Pertinent new information about the photochromism reaction pathway and about the 
role of the substituent in the photochromism efficiency was collected. In the case of 
spirooxazines and 2H-chromenes, new deactivation routes of the initially populated singlet 
state, parallel and concurrent with the photocoloration reaction, were evidenced and 
characterized. 

Hydroxyquinolines are amphoteric compounds characterized in the ground state by 
weak acidic (hydroxyl) and basic (imine) functions. The acidity and basicity of these 
molecules are strongly enhanced in the lowest excited singlet state where tautomerization 
takes place. We have investigated the photoinduced process of tautomerization of various 
hydroxyquinolines in acidic, alkaline and neutral aqueous solutions and for comparison in 
aprotic solvents. We have characterized the hydroxyl deprotonation and imine protonation 
dynamics in the excited state. For all the investigated molecules, the deprotonation rate 
constant is higher than the protonation one. 
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LASER INDUCED FLUORESCENCE SPECTRA AND VIBRATIONAL POTENTIAL 
ENERGY SURFACES OF COUMARAN AND 1,4-BENZODIOXAN IN THEIR 

GROUND AND EXCITED ELECTRONIC STATES  
  

Juan Yang, Martin Wagner, Niklas Meinander, and Jaan Laane  
  

Department of Chemistry, Texas A&M University, College Station, TX 77843-3352, USA 
  
  

The fluorescence excitation spectra (FES) and the single vibrational level 
fluorescence spectra (SVLF) of jet-cooled coumaran and 1,4-benzodioxan have been 
analyzed.  These data have been complemented by infrared and Raman spectra and by ab 
initio and DFT calculations.  A detailed energy map of the low-frequency modes was 
determined for coumaran for both S0 and S1 (π,π*) states.  The ring-puckering data showed 
that the ground state has a barrier to planarity of 154 cm-1 and energy minima at puckering 
angles of ± 25°.  In the S1 excited state, the barrier drops to 34 cm-1 and the puckering angle 
becomes ± 14°.  1,4-Benzodioxan is a twisted molecule in both its S0 and S1 states.  Analysis 
of the ring-twisting and ring-bending motions shows that the barrier to inversion is 5000 ± 
2000 cm-1 in the ground state and 3600 ± 2000 cm-1 for the S1 (π,π*) state.  The large 
uncertainties arise from the fact that data extend to less than 1000 cm-1 above the ground 
states.  The ab initio calculations predict twisting angles of 30° and 28° for the ground and 
excited states, respectively.  

  

  
Figure 1. Fluorescence excitation spectrum of jet-cooled 1,4-benzodioxan and ultraviolet absorption 

spectrum at ambient temperature. 
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WAVEGUIDE RAMAN AND PHOTOLUMINESCENCE STUDIES OF ZIRCONIUM 
AND TITANIUM OXIDE THIN FILMS DOPED WITH SEMICONDUCTOR 

NANOCRYSTALS 
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Materials doped with semi-conductor nanocrystals (NC) or codoped with rare earth 
(RE) ions attract much attention at the moment. This interest results from the surge of 
development of techniques for integrated optics and the search for new and better optical 
amplifiers, non-linear systems and optical waveguides. Zirconium and titanium oxide 
materials are of wide interest as host matrices because of their excellent mechanical, thermal 
and optical properties. Doping these materials with semiconductor nanoparticles (SC-NP), 
such as CdS or PbS, can confer an appreciable enhancement of the third order optical non-
linearity. Moreover, codoping them with SC-NP and RE may result in a considerable increase 
of the RE emission. However, since optical properties are closely related to the 
microstructure, an understanding of the relation between the doping species and the host 
matrix is essential for every preparation technique. To date, very few publications have been 
devoted to structural studies of either nanoparticle-doped ZrO2 films or to systems codoped 
with NC such as silicon, CdS or ZnS and RE ions such as Er3+ or Eu3+. 

In the present work, CdS, ZnS and ZnS/ Eu3+ doped structures have been prepared 
by sol-gel processing in the form of optical planar waveguides. The quality of the thin films 
was determined by optical loss measurements and waveguide Raman spectroscopic (WRS) 
studies. Luminescence and WRS spectroscopies were used to follow structural changes 
within the glass matrices resulting from different heat treatments and from the presence of 
doping species. Micro-Raman spectroscopy was used to demonstrate the nanometric size of 
the CdS crystallites. For the ZrO2 films, the influence of the NC on the emission of RE ions 
was studied using luminescence spectroscopy. When excited at 350 nm in the presence of 
the NC, the Eu3+ emission was enhanced by a factor of 13 at 293K. 
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DESTINATION CROATIA: LIFE AND SCIENCE 
 

 Svetozar Musić and Krešimir Furić 
 

The “Ruđer Bošković” Institute, P.O.B. 180, HR-10002 Zagreb, Croatia 
 
 
 Croatia is the organizer of the forthcoming European Congress on Molecular 
Spectroscopy, to be held at Opatija on the Adriatic coast of Croatia. In our brief address we’ll 
try to give some facts about Croatia, its people and their contribution to science and 
technology. Croatia is both a Central European and a Mediterranean country, and owing to 
its geographical position it is culturally diverse. Croats came down to the Adriatic Sea thirteen 
centuries ago. Originally a Slavic people, they founded a new homeland where they met the 
Illyrians, the Romans and the Greek colonists. The tradition and culture of these ancient 
peoples left significant traces in the history of Croatia. For many centuries Croatia has been 
surrounded by different cultures, Italian, German, Hungarian, and partly exposed to the 
Oriental influence through the Turkish presence for a few centuries. Thus Croatia became a 
unique destination in Europe for many tourists from all over the world. Croatia is also a 
country with a long-standing industrial tradition. There are several universities, the oldest 
among them the University of Zagreb, founded in 1669, and many scientific institutions, 
notably the “Ruđer Bošković” Institute located in Zagreb. Educated people, men of letters 
and science in the spirit of their times first emerged in the Middle Ages in the Croatian towns 
along the Adriatic, under the influence of Venice and specifically the Italian Renaissance. Of 
the many towns in that age one stands out in particular as the pearl of the Mediterranean: the 
city of Dubrovnik, which for many centuries was known as the Republic of Dubrovnik. The 
poet Marko Marulić of Split was a central figure of the period. His epic poem Judith written in 
the Croatian language marks the birth of the Croatian literature. Herman Dalmatin, active in 
Spain and France at the beginning of the twelfth century, is considered to be our first 
scientist. Ivan Česmički-Pannonius (a poet with interests in astronomy and astrology), Pietro 
Buono (a theoretical alchemist, in Trogir), Gjin Gazilli-Gazulus (an astrologist, in Dubrovnik) 
and Federico Grisogono (a physician, in Zadar) also contributed to the sciences of that 
period. In the seventeenth century Croatia gave several great scientists, such as Marin 
Ghetaldić (optics, in Dubrovnik), Marko Antun Dominis (theory of the rainbow; the telescope, 
Split), and Faust Vrančić (a famous constructor and engineer, in Šibenik and Padua). Ruđer 
Bošković, the greatest of them all, was born in Dubrovnik in the eighteenth century, and 
active in Rome, Milan and Paris. His concepts of the structure of the matter published under 
the title Theory of Natural Philosophy had a strong influence on the development of physics 
of the time, and we consider this a most valuable Croatian contribution to the world of 
science. In the 19th century, Bishop Josip Juraj Strossmayer founded the Academy of Arts 
and Sciences of all South Slavs (today: Croatian Academy of Sciences and Arts) in Zagreb. 
Nikola Tesla, born in Smiljan, was our greatest representative in the field of technical 
sciences, and it is impossible to imagine today’s world without his inventions in the late 19th 
and early 20th centuries. He is the single scientist from all Slavic nations after whom a 
physical unit was named (tesla, for magnetic flux). In the twentieth century Lavoslav Ružička 
(of Vukovar) and Vladimir Prelog (of Osijek) were awarded Nobel Prizes for chemistry. We 
must not forget Andrija Mohorovičić (Moho discontinuity) who is one of the most prominent 
earth scientists of the 20th century. Advances in spectroscopy by a new generation of 
scientists in Croatia are then the continuation of the Croatian scientific lineage.  
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ELECTRONIC AND VIBRATIONAL CIRCULAR DICHROISM SPECTROSCOPIC 
STUDY OF NON-COVALENT INTERACTIONS OF 5,10,15,20-TETRAKIS(1-
METHYLPYRIDINIUM-4-YL)PORPHYRIN WITH (dG-dC)10 AND (dA-dT)10 
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 The non-covalent interactions of (dG-dC)10 and (dA-dT)10 with 5,10,15,20-tetrakis(1-
methylpyridinium-4-yl)porphyrin (TMPyP) were studied using the combination of electronic 
circular dichroism (ECD), vibrational circular dichroism spectroscopy, and UV-VIS and IR 
absorption spectroscopy at different ratios of both components [oligonucleotide]/[TMPyP] = 
2/1 – 10/1, where [oligonucleotide] and [TMPyP] are the amount concentrations of 
oligonucleotide per base-pair and TMPyP, respectively. It was shown that TMPyP with (dG-
dC)10 provided intercalative binding mode and this binding did not decay even at 90°C. 
TMPyP with (dA-dT)10 provided three binding modes: (i) external binding to the phosphate 
backbone, (ii) external minor groove binding for the ratios >6/1, and (iii) external major 
groove binding associated with B- to Z- transition for the ratios <4/1. In the (dA-dT)10 – 
TMPyP complexes, the external binding to the phosphate backbone accompanied by self-
stacking of porphyrins along the phosphate backbone chain is preferred at temperatures 
higher than 40°C. 
 
Financial support of Ministry of Education, Youth and Sports of the Czech Republic (grant 
MSM 6046137307) is gratefully acknowledged.  
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LOW-WAVENUMBER NIR-FT-RAMAN STUDIES OF WATER STRUCTURE IN 
HUMAN AND ANIMAL SKIN: BIOMEDICAL ASPECTS 
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Water is a major constituent of all living systems. Human skin contains around 70% 
of water. Raman spectroscopy with cw-laser excitation reflects the dynamics on a pico-
second time scale and faster. Thus Raman spectroscopy gives a snapshot of an interacting 
water/biomolecule system. The water stretching and bending vibrations are only slightly 
perturbed by differences in water hydrogen bonding. The low-wavenumber region is much 
more sensitive, because this part of the spectrum depends directly on the intermolecular 
hydrogen bonds. However, Rayleigh scattering yields a very intense band extending to 
Raman shifts of several hundred wavenumbers (cm-1). This band tends to hide weaker bands 
from intermolecular water vibrations. By use of the so-called R( ν )-representation the band 
due to Rayleigh scattering is converted to a plateau, and weak vibrational features of water 
below 400 cm-1 are more easily seen1-4. 2H-, 17O- and 18O- isotopic substitution in water 
showed that a band with a maximum around 180 cm-1 in the R( ν )-representation was 
caused solely by oxygen displacements1,3. A water molecule with four neighbouring 
molecules exhibits a vibrational motion. The corresponding band is observed at 180 cm-1 in 
the R( ν )-representation and this is a characteristic band for water with a bulk-like structure. 
NIR-FT-Raman spectra were recorded with excitation at 1064 nm. 

Animal skin is used as model for human skin in laboratory studies of skin properties. 
Thus it is essential to characterize the water content and structure in animal and human skin.  
Raman spectra of skin from pig ear, guinea pig and mouse were compared to human skin. A 
comparison of the total water content was performed from the OH-stretching region around 
3250 cm-1. An estimate of the amount of water with a bulk-like structure was performed for 
the low wavenumber Raman spectrum in the R( ν )-representation. The water content and 
structure of pig ear and guinea pig were closer to human skin than mouse skin. The same 
technique was used to follow the loss of water in human skin samples after freezing and 
thawing.   
              Human skin biopsies of normal skin were compared to biopsies of skin with 
malignant melanoma, basal cell carcinoma, pigmented nevi and seborrheic keratosis. The 
low-wavenumber spectra in the R( ν )-representation revealed an increase of water with a 
bulk-like structure in malignant skin tumours.  
 
[1] O. Faurskov Nielsen, Chem. Phys. Lett. 60 (1979) 515. 
[2] O. Faurskov Nielsen, Annu. Rep. Prog. Chem., Sect. C, Phys Chem., 90 (1993) 3 and  93  
      (1997) 57. 
[3] O. Faurskov Nielsen, C. Johansson, K. L. Jakobsen, D.H. Christensen, M.R. Wiegell,  
      T. Pedersen, M. Gniadecka and P. Westh, Proceedings of SPIE 4098  (2000) 160. 
[4] O. Faurskov Nielsen, in I.R. Lewis and H.G.M. Edwards  (Eds), Handbook of Raman 
      Spectroscopy, Marcel Dekker, Inc., New York, Basel 2001,  Chapter 15, p. 593. 
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FT-IR MICROSCOPY IMAGING ON ORAL CAVITY TUMORS, III 
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 The potential role of conventional as well as synchrotron Infrared and Raman micro 
spectroscopy in the study of tumours in cells and tissues has been highlighted in a large 
number of reports1,2. The occurrence of oral cavity neoplastic changes (oral squamocellular 
carcinoma, OSCC) is remarkable in the pathological states of neck and head tumours. The 
clinical behaviour of these tumours is difficult to predict based only on histopathological 
parameters. Studies on biochemical and morphological changes between control and 
pathological tissues of these tumours, have been monitored drawing three-dimensional 
chemical maps of the main vibrational modes in the regions of interest2. The aim was, based 
on histopathological parameters as well as Microscopy FT-IR procedures, to add further 
insight in the prognosis of OSCC3,4. Spectral determinations were performed with Perkin-
Elmer Spectrum GX1 and Spot Light spectrometers equipped with Perkin-Elmer Autoimage 
microscopes at 25x25 and 10x10 µm spatial resolution, respectively. For data processing, 
Galactic AI and Pirouette software packages were used. Spectroscopic data from   normal 
mucosa, displastic lesions and OSCC in tissue sections of the oral cavity, were processed 
and the spectroscopic data were used to generate a statistically significant protocol to 
distinguish neoplastic and displastic lesions from healthy tissues. Chemometric procedures 
allowed to find characteristic spectral patterns of control and neoplastic  areas that were also 
assessed by drawing custom maps between cell lines and tissues2. The evaluation of the 
ratio between representative bands of important cellular components, nucleic acids, proteins, 
glycogen, resulted helpful to discriminate among various states and were in agreement with 
our previous results on these pathologies.1,3 Supervised and unsupervised cluster analysis, 
to achieve good separation of even subtle spectral differences, resulted in a satisfactory 
accordance (higher than 90%) between spectroscopic and histopathological findings. A 
comparison of the results from tissues with those obtained from cellular lines representative 
of various regions of the mouth, was satisfactory taking into account that some differences, in 
the spectroscopic pattern of the tissues, could derive from the environment (Figures). 
 
 
 
 
 

 

 
 
 
 
 

1

2
[1] H.H. Mantsch et al., J. Mol. Struct., 661-2, 397 (2003).  
[2] 1st DASIM Workshop (Diagnostic Applications of Synchroton Infrared Microspectroscopy), 
     Daresbury Lab.s, Manchester, July 2005; RSC Faraday Division. Faraday Discussion 126,  
     Nottingham (2003). 
[3] G. Tosi et al., J. Mol. Struct., 744-7, 187 (2005). 
[4] M. Tobin et al., RSC Faraday Division. Faraday Discussion 126, 41 (2004). 
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Fig. 1: Time evolution of bands of cellulose aged in dry air at 150oC . 

OPERANDO FTIR IN MODELLING CELLULOSE DEGRADATION MECHANISM 
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 Despite numerous examples of the use of FTIR technique in diverse fields connected with 
cellulose chemistry its potential does not seem to be completely exploited yet. Vibrational 
spectroscopy has already been applied to resolve cellulose structure, crystalline phases and hydrogen 
bonds network. However, since cellulose is a ubiquitous biopolymer that is widely used as a rough 
material for a great many applications either in a pure or chemically modified form, new challenges 
that emerged in material and preservation science have evoked new questions to be answered. Our 
research is targeted at cellulose stability in paper, still the most ubiquitous information carrier, and 
especially that which has been produced using so called acidic technology utilizing ground wood, rosin 
and alum. Its introduction around 1850 year brought about dramatic changes in cellulose stability due 
to acid catalysed hydrolysis of glycosidic bonds. Now, the problem of paper rapid deterioration 
concerns around 80% of libraries and archives collections. To prevent it we should be able to evaluate 
current paper condition and its longevity and understand the chemistry that is behind observed 
collapse of mechanical properties. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Our study [5-7] deals with modelling cellulose degradation kinetics through hydrolytic and 

oxidative reaction paths by operando FTIR spectroscopy. The experiments of accelerating ageing of 
cellulose samples were performed in situ under various conditions (temperature, gas mixture) to be 
able to possibly discriminate between occurring reaction routes. The focus was mainly on the spectra 
between 1500-1900 cm-1, where the products of paper ageing under various conditions appear in form 
of carbonyl groups of various degrees of freedom at changing potential environment. A procedure of 
spectra standardization allowed combining the bands area with conversion of carbon atoms in 
cellulose. An example of the results is presented in Figure 1. From the time evolution of the bands  
overall kinetic curves were generated. The positions of the carbonyl bands were verified by 
independent experiments and theoretical calculations (DFT method). Basing on this a combined 
model involving hydrolysis and oxidation has been put forward and tested on the available data sets.  
 
 
[1] J. Łojewska, P. Miśkowiec, T. Łojewski, L.M. Proniewicz. Polym. Deg. Stab., 88 (2005) 512-520.   
[2] J. Łojewska, A. Lubańska, T. Łojewski, P. Miśkowiec, L.M. Proniewicz, , e-Preservation Science 2 
(2005). 1-11. 
[3]  J. Łojewska, H. Lubańska, P. Miśkowiec, T. Łojewski, L.M. Proniewicz, Applied Physics A, in 
press 
 



ORAL CONTRIBUTIONS-A 
OA-5 

 

EUCMOS XXVIII – İSTANBUL 2006                                                                                             29 

EARLY SPECTRAL CHANGES 
IN CELLULAR MALIGNANT TRANSFORMATION USING  VIBRATIONAL 

SPECTROSCOPY 
 

E. Bogomolny1, M. Huleihel2, R. Sahu1, S. Mordechai1 

 
1Department of Physics, Ben Gurion University, Beer-Sheva, 84105, Israel 

2 Department of virology and developmental genetics, Medical School and National Institute for 
Biotechnology ,  Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel. 

shaulm@bgumail.bgu.ac.il 
 
. 
           Fourier transform infrared microspectroscopy (FTIR-MSP) is potentially a powerful 
analytical method for identifying the spectral properties of biological activity in cells1.  The 
implementation of FTIR-MSP was studied for early spectral changes accompanying cellular 
malignant transformation. As a model for this purpose we used cell cultures infected with Murine 
Sarcoma Virus (MuSV) which induces malignant transformation. In order to follow the 
transformation’s progress as a function of time, it was necessary to find and validate consistent 
and significant spectral parameters (biomarkers)2,3, which can clearly distinguish between normal 
and cancerous cells. We classified the transformation level by an array of spectral biomarkers 
using cluster analysis. The results indicate that the spectral changes were detectable much 
earlier than the first morphological signs of malignant transformation. The parameters associated 
with nucleic acids were found most effective for early detection (Fig. 1) 
 

 
References: 
 
 
[1] M.Diem et al, Appl. Spectroscopy, 53, 148A-161A, (1999)  
[2] R.Sahu et al, J Biomed Opt. Sep-Oct;10(5):054017 (2005) 
[3] R.Sahu et al, Tech. in Cancer Res. & Treat Vol 3(6) 629-638,2004. 
 
 
 
 
 
 
 
 

Figure 1 : Typical  spectral transformation 
in the wavenumber region of 1000-1185 
cm-1 (dominated by glycogen and 
phosphodiester  absorbance bands) at 
various post infection time intervals 
indicating a clear and gradual variations of 
the associated macromolecules
absorbance. 
 
The present FTIR- MSP results are 
promising for early detections of 
malignancy.  
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GAS PHASE STRUCTURE OF AMINO ACIDS: LASER ABLATION JET-COOLED 
ROTATIONAL STUDIES. 
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 The structural analysis of natural amino acids using rotational spectroscopy was 
hindered in the past by the high melting points and thermal fragility of these compounds. 
Recently, these studies have received an important impulse with the introduction of a 
technique which combines laser ablation with Fourier transform microwave spectroscopy in 
supersonic jets1 (Laser-ablation molecular-beam Fourier transform microwave spectroscopy, 
LA-MB-FTMW). Using this technique we have studied under isolation conditions in gas 
phase proline[2], alanine,3 valine,4  hydroxyproline,5 serine, cysteine, leucine, isoleucine6, 
aspartic acid, γ-aminobutiric acid (GABA), N,N-Dimethylglycine,7 β-alanine,8 phenylglycine,9 
etc. Several conformers (up to six for serine, cysteine, and aspartic acid and five for GABA) 
have been detected in the jet-cooled rotational spectrum and their rotational and N-nuclear 
quadrupole coupling constants determined; the latter are crucial to distinguish unequivocally 
between conformations with similar rotational constants. The observed conformers present 
different intramolecular hydrogen bonds involving the –COOH, –NH2, –OH and –SH groups 
which influence their stability. In 4-hydroxyproline, β-alanine and GABA n-π* interactions 
have been found also to contribute to the stability of certain conformers. 
 The first observation of the 1:1 complex of glycine-water10 is also presented. The 
water molecule has been reliably located in the complex from the analysis of several 
isotopomers.  The complex is stabilized by two intermolecular hydrogen bonds formed 
between the carbonyl group and one of the hydrogen atoms of water (Ow-H···O=C) and 
between the hydroxyl group and the electron lone pair at the oxygen atom of water (Ow···H-
O-C)). 

   
[1] Lesarri, A.; Mata, S.; López, J.C.; Alonso J. L.  Rev. Sci. Instrum. 2003, 74, 4799. 
[2] Lesarri, A.; Mata, S.; Cocinero, E. J.; Blanco, S.; López, J. C.; Alonso, J. L.; Angew. Chem. Int. 
Ed. 2002, 41, 4673. 
[3] Blanco, S; Lesarri, A.; López, J. C.; Alonso, J. L. J. Am. Chem. Soc. 2004, 126,11675. 
[4] Lesarri, A.; Cocinero, E. J.; López, J. C.; Alonso, J. L. Angew. Chem. Int. Ed. 2004, 43, 605. 
[5] Lesarri, A.; Cocinero, E. J.; López, J. C.; Alonso, J. L. J. Am. Chem. Soc. 2005, 127,2572.  
[6] Lesarri A.; Sanchez, R:; Cocinero E. J.,;Lopez, J. C.;  Alonso, J. L.;  J. Am. Chem. Soc. 2005, 127, 
12952. 
[7] Lesarri,A; Cocinero,E.J.; López J.C.; Alonso J. L.; ChemPhysChem.2005,6,1559 
[8] Sanz, M. E; Cortijo, V.; Caminati, W.; López, J. C.; Alonso, J. L.; Chem.Eur.J. 2006 12, 2564 
[9] Sanz, M. E; Lesarri, A; Peña ,I.; Vaquero, V.; Cortijo, V.; López, J. C.; Alonso, J. L., J. Am. Chem. 
Soc. , 128, 3812 
[10] Alonso, J. L.; Cocinero, E. J.; Lesarri, A.; Sanz, M. E;  López, J. C. Angew. Chem. Int. Ed. (2006) 
In Press 
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 Biospecific interactions ("recognising molecule – target molecule") of various kinds 
comprise a wide range of processes highly important for molecular recognition and 
signalling, that span from an intracellular level to symbiotic or pathogenic relations between 
organisms. The interacting systems include such kinds as antigen–antibody (representing a 
large variety of immunochemical interactions), lectin–polysaccharide, enzyme–substrate, 
avidin–biotin, actin–myosin, etc. Many of these systems involve biopolymers either as 
recognising or target molecules, or both.  
 Since in most cases such interactions result in chemical (covalent) and/or structural 
modifications of the reacting biomolecules, their investigation may (and in many cases does) 
benefit from using spectroscopic techniques, in particular, vibrational spectroscopy. 
Moreover, as has been shown in the last decades, surface-enhanced vibrational 
spectroscopy (SERS or SEIRA; see, e.g. [1, 2] and references cited therein) can be useful 
analytical methodologies. Whereas in Raman the enhancement factors can be very high [1], 
in IR they usually range from units up to hundreds [2]. Nevertheless, SEIRA is easily 
applicable and, with different physical factors governing peak intensities, can still be highly 
informative [3]. 
 In this work, we comparatively studied the FTIR-SEIRA spectroscopic effects of 
conjugation of gold nanoparticles (AuNP) with different proteinaceous biopolymers. The 
observed similarities in spectroscopic changes for different proteins upon their conjugation 
with AuNP point to common mechanisms underlying these processes.  
Further, using different pairs of specifically interacting biopolymers, either one of which in a 
pair was conjugated with AuNP, we identified the characteristic SEIRA spectroscopic 
changes accompanying the interactions of AuNP-conjugated proteins with their specific 
target molecules. The data obtained provide a basis for rapid, simple and sensitive SEIRA 
spectroscopic detection of both immunochemical reactions (which is to be termed 
“spectroimmunochemistry” [4]) and other types of biospecific interactions using AuNP 
functionalised by conjugation. Using this novel methodology, some natural molecular 
biosystems were studied related to plant–bacterial interactions, involving plant root lectin and 
various cell-surface biopolymers from plant-growth-promoting rhizobacteria. 
 
Supported in part by NATO (Collaborative Linkage Grant LST.NR.CLG.981092) and under 
The Leading Schools Programme (Grant NSh-1529.2003.4).  
 
 
 
[1] A. Ibrahim, P.B. Oldham, D.L. Stokes, T. Vo-Dinh, B.H. Loo, J. Mol. Struct. 735-736 (2005) 69-73. 
[2] R.F. Aroca, D.J. Ross, C. Domingo, Appl. Spectrosc. 58 (2004) 324A-338A. 
[3] K. Ataka, F. Giess, W. Knoll, R. Naumann, S. Haber-Pohlmeier, B. Richter, J. Heberle, J. Amer. 

Chem. Soc. 126 (2004) 16199–16206. 
[4] A.A. Kamnev, L.A. Dykman, P.A. Tarantilis, M.G. Polissiou, Biosci. Rep. 22 (2002) 541-547.  
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 Spectroscopic studies of biomolecules in gas phase are directed to the 
conformational and structural analysis of the building blocks of life, providing a picture of 
their intrinsic molecular properties free of intermolecular interactions imposed by the 
biological environment. The nucleic acid bases are particularly appealing and questions like 
their structure, planarity, tautomer equilibria and their multiple character of proton 
acceptors/proton donor are of interest since these are of fundamental importance to the 
structure and function of Nucleic Acids. These bases, like almost all biomolecules, have 
high melting points and thermal fragility which imposes serious difficulties to their 
vaporization. We have recently built an experimental set up which combines laser ablation 
with Fourier transform microwave spectroscopy in supersonic jets1 (Laser-ablation 
molecular-beam Fourier Transform microwave spectroscopy, LA-MB-FTMW). Using this 
technique we have studied under isolation conditions in gas phase the rotational spectra, 
structure and conformational equilibria of more than 15 amino acids.2-8 
 In the present work we present the first studies of the rotational spectra of uracil, 
thymine and cytosine at the very high resolution provided by Fourier transform microwave 
spectroscopy, which has allowed to completely resolve their complex 14N-nuclear 
quadrupole hyperfine patterns. The uracil structure has been derived on the basis of all 13C, 
15N and 18O isotopomers observed in their natural abundance. The analysis of the methyl 
group internal rotation splittings observed in thymine allowed to determine a V3 barrier of 
1.87 Kcal.mol-1. Four tautomeric species of cytosine have been observed in the gas phase. 
The assignment of the spectra to the various species is unambiguously based on the 
markedly different values of the quadrupole coupling constants of the three 14N nuclei, which 
act as finger prints for the identification of the various species. The relative energies of the 
various species are estimated from the relative intensities of the spectra. First results on 
adenine and Guanine are presented. 
 These studies show that LA-MB-FTMW1 Spectroscopy is emerging as a precious 
tool for the conformational and structural analysis of biological molecules in gas-phase.  
 
 
 
[1] Lesarri, A.; Mata, S.; López J.C.;.Alonso J.L.  Rev. Sci. Instrum. 2003, 74,4799. 
[2] Lesarri, A.; Mata, S.; Cocinero, E.J.; Blanco, S.; López, J.C.; Alonso, J.L. Angew. Chem. Int. Ed. 
2002, 41, 4673. 
[3] Blanco, S; Lesarri, A.; López, J. C.; Alonso, J. L. J. Am. Chem. Soc. 2004, 126,11675. 
[4] Lesarri, A.; Cocinero, E. J.; López, J. C.; Alonso, J. L. Angew. Chem. Int. Ed. 2004, 43, 605. 
[5] Lesarri, A.; Cocinero, E. J.; López, J. C.; Alonso, J. L. J. Am. Chem. Soc. 2005, 127,2572.  
[6] Lesarri,A; Cocinero,E.J.; López J.C.; Alonso J,L.; ChemPhysChem.2005,6,1559 
[7] Sanz,M.E;Cortijo,V.;Caminati,W.;López,J.C.;Alonso,J.L.; Chem.Eur.J. 2006,  12, 2564 
[8] Sanz,M.E; Lesarri, A;Peña,I.;Vaquero,V.;Cortijo,V.;López,J.C.;Alonso,J.L., J. Am. Chem. Soc. 
2006, 128, 3812 
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 The green fluorescence protein (GFP) is intensively used to study very diverse 
problems in molecular biology, medicine, biochemistry and cell biology. Its usage takes 
advantage of the presence of an internal chromophore, which generates a very effective and 
intense fluorescence and is isolated from the solvent by the very rigid protein environment. 
 To reveal the causes of the strong fluorescence the emission spectra of GFP and the 
model of its chromophore p-Hydroxybenzylidenedimethylimidazolone (p-HBDI) in 
glycerol/water 60/40 v/v solution were obtained in the wide interval of temperatures, 80 – 300 
K. The protein spectra consist of a progression of well resolved narrow bands, which 
broaden and shift to the red upon the heating. The model compound spectra are very wide 
and have no structure at all temperatures. 
 The temperature dependence of the GFP spectra was interpreted using theory of 
optical absorption bandshape1. The progression was shown to be a manifestation of the 
linear coupling of the electronic transition to a number of the chromophore modes. The linear 
red shift of the protein spectra was shown to be caused by the presence of the chromophore 
coordinate Q, which is quadratically coupled to the electronic transition under consideration 
and most probably corresponds to the cis-trans isomerization of the chromophore. Taking 
into account of the distribution of the model molecules along both the types of the 
coordinates allowed us to reconstruct the HBDI spectrum at different temperatures2.  
 The interpretation brought us to conclude that in the model compounds in liquid 
solvent the very effective radiationless decay of the excited electronic state along this 
coordinate takes place; it strongly reduces the quantum yield of the fluorescence. In the 
glassy matrix this motion is hindered and the quantum yield is larger. In native GFP this 
motion is arrested by the rigid protein environment at all temperatures; this makes the 
quantum yield of the fluorescence close to 1. 
 
 
 
[1] K.K. Rebane, Impurity Spectra of Solids. Elementary Theory of Vibrational Structure, Plenum 

Press, New York, 1970. 
[2] S.S. Stavrov, K.M. Solntsev, L.M. Tolbert and D. Huppert, J. Am. Chem. Soc., 128 (2006) 1540. 
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In connection with structural and spectrometric studies of sulfito complexes of noble 
metals ([1], and references therein) we turned our attention anew to sulfito complexes of 
mercury, especially to mixed halogeno sulfito complexes MI[XHgSO3]. Here, we present 
optical vibrational spectra (IR and Raman) of species with MI = NH4 and alkali metals, and 
X = Cl and Br. 

The crystal structure of the compound NH4[ClHgSO3] has been determined (Pnma, 
Z = 4) [2]. It contains bent ClHgSO3 entities (S-coordination) linked to ribbons parallel to the 
b-axis by secondary donor-acceptor bonds S−O⋅⋅⋅Hg; these ribbons in turn aggregate to 
layers around the bc-plane. The layers stack along the a-axis with inter-layer distances of a/2 
(771.5 pm). The NH4 cations are placed between the layers on sites with symmetry m, as are 
the ClHgSO3 anions within the layers. Thus, all original degeneracies of vibrations of both en-
tities should be lifted. The full unit-cell group analysis based on the structure predicts further 
splitting of all internal vibrations due to correlation coupling; e g the νas(SO3) (∼1100 cm−1) 
and δas(SO3) (∼500 cm−1)  should occur in all species of the unit cell, viz in Ag, B1g, B2g, B3g, 
Au (inactive), B1u, B2u, B3u (the mutual exclusion rule applies). 

The only paper with some few IR data for NH4[ClHgSO3] [3] gives partly wrong as-
signments and more bands than found in the corresponding region of our reproducible IR 
spectra, which are deceptively simple. Thus, the above vibrations of the SO3 groups appear 
as doublets in both IR and Raman spectra. This simplification is probably due to suppression 
of correlation coupling between the widely spaced layers (see above), in other words to re-
striction of this coupling to the layers or even ribbons. Under these conditions as a good ap-
proximation a partial symmetry analysis for the ribbons (band or rod group (b)⋅21:m (Shub-
nikov notation, see [4]) or p121/m1) should be sufficient. In fact, analysis at this level yields 
two species each with gerade (Raman) and ungerade parity (IR). 

The valence vibrations of the heavy-atom skeleton X−Hg−S strongly appear in both 
Raman and IR spectra (X = Cl: ∼310 and ∼230 cm−1; X = Br: ∼200 and ∼140 cm−1) and the 
bending mode clearly in the IR spectra (90 cm−1; 63 cm−1). 
 
Thanks are due to Deutsche Forschungsgemeinschaft and Fonds der Chemischen Industrie. 
 
[1] H. Meinberg, D.K. Breitinger, J. Mol. Struct. 563/564 (2001) 389. 
[2] M. Weil, D.K. Breitinger, G. Liehr, J. Zürbig, to be published. 
[3] J.I. Bullock, D.G. Tuck, J. Chem. Soc. (1965) 1877. 
[4] A.V. Shubnikov, V.A. Koptsik, Symmetry in Science and Art, Plenum Press, New York- 
 London 1974, Chapter 6, Table 6, p. 116. 
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 Water is a key molecule in our life, particularly in atmospheric photophysics, as it is 
involved to the sunlight absorption, energy transfer etc. Modeling of these processes requires 
knowledge of rotational-vibrational energy levels of water in the electronic ground state with 
high precision and up to its dissociation limit.  High level ab initio calculations provide a 
potential energy surface (PES), yielding the first guess for the energy levels.  The PES then 
has to be fitted, so that the calculated energy levels match the available experimental data.  
This surface then can be used to calculate levels with high confidence within the energy 
intervals, where it’s been fitted.  Over last 20 years the progress in this procedure has been 
limited due to a lack of experimental data for the energy levels above 25500 cm-1.  This is 
primarily because of difficulty in accessing high vibrational levels through overtone 
transitions, as they have extremely small absorption cross-sections. We use a double 
resonance laser spectroscopic scheme to access high vibrational states of water molecules 
from single rotational-vibrational states.   Our recent results provide accurate positions of 
several rovibrational levels above 27000 cm-1. Fitting the water PES using these data 
extends the high-precision calculation of any energy levels in water, currently, to 35000 cm-1.  
 We have also performed a direct measurement of one of the key fundamental 
thermochemical value - the dissociation energy of the O-H bond in water molecule- with the 
accuracy that by orders of magnitude exceeds all previously reported and accepted results.  
The dissociation continuum has been reached by a triple-resonance laser excitation of H2O 
molecules in single quantum states.   
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The parent furoxan (1,2,5-oxadiazole 2-oxide), an electron rich compound with an 
exocyclic oxygen atom,  

 
 
is the key to understanding the structure, properties, and thermolytic cycloreversion reactions 
of substituted furoxan species (see, for example, references1,2).   

Unknown until relatively recently,3 we have synthesized this species from glyoxime 
and NO2 (g) and have investigated it in the gas phase by FT-infrared and HeI photoelectron 
spectroscopy and in the liquid phase by FT-Raman.  The ground-state geometry has been 
obtained from both single and multi-reference quantum-chemical calculations, viz.  B3LYP, 
MPn (n=2-4), CCSD, CCSD(T), RSPT2, RSPT3, MRCI and MR-AQCC, using 6-
311++G(2d,2p) and cc-pVTZ, cc-PVQZ basis sets.  The furoxan is predicted to be planar, 
with the calculated structure depending upon the method employed, indicative of the difficulty 
in accurately representing the structure of furoxans.  From various aromaticity indices, 
furoxan is nearly as aromatic as furan and furazan.  The furoxan ring opening has been 
investigated at the MRCI and MR-AQCC//B3LYP levels and compared to (U)B3LYP 
calculations.  The ring-opening process is found to involve open-shell dinitrosoethylene-like 
intermediates.  Unlike the methyl- and cyano-substituted furoxans, the parent furoxan, upon 
thermolysis, does not yield the monomer nitrile oxide but leads to HNCO, CO2, and H2O as 
major products.  

 
 
 
 

[1] B. Havasi, T. Pasinszki, N.P.C. Westwood.  J. Phys. Chem. A. 109 (2005) 3864.  
[2] T. Pasinszki, N.P.C. Westwood.  J. Phys. Chem. A. 105 (2001) 1244. 
[3]  T. I. Godovikova, S.P. Golova, Y.A. Strelenko, M. Yu. Antipin, Y.T. Struchkov, L.I. Khmel’nitskii.  
Mendeleev Comm. (1994) 7. 
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 Conformations of alkanes have been well studied and occur in anti and gauche 
configurations.  Similarly in alkenes, stable conformations have an adjacent bond, either C-C 
or C-H, eclipsing a C=C bond.  Using microwave spectroscopy and quantum chemical 
calculations, we have determined the molecular structures of a variety of compounds where 
the organic groups have been separated by a cylindrically symmetrical spacer, a C≡C triple 
bond.  The structural results have revealed surprises.  For example, butane exists in anti C2h 
and less stable gauche C2 conformations.  When the ethyl groups are separated by C≡C (3-
hexyne), the conformation is syn heavy-atom-planar C2v as shown1. 
 
3-Hexyne, observed structure, syn C2v 

 
  
 3-Hexyne can be called diethyl acetylene.  We have carried out similar studies on 
substituted acetylenes with an ethyl group at one end and n-propyl, 2-propenyl, formyl, 
acetyl, and phenyl groups at the other.  In the case of ethyl n-propyl acetylene (3-heptyne) 
two conformers are observed, syn heavy-atom-planar with the propyl group anti and nearly 
syn planar when the propyl group is gauche.  Ethyl 2-propenyl acetylene (2-methyl-1-
hexene-3-yne) exists in two conformations, one planar and another apparently pseudo-
planar.  The shorter analog, 2-methyl-1-butene, also exists in two conformations but each 
has either a C-C or C-H bond eclipsing the C=C double bond. The formyl and acetyl ethyl 
acetylenes each display a single planar conformer although the shorter analogs, propanal 
and butanone, each have two stable conformers with an adjacent C-C or C-H bond eclipsing 
the carbonyl C=O bond.  Ethyl phenyl acetylene is heavy-atom-planar but the shorter 
analog, ethyl benzene, has the plane containing the ethyl C-C bond orthogonal to the phenyl 
plane.   
 
 
 
1. R. K. Bohn, J. Phys. Chem. A, 108 (2004) 6814 
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When the bar for research FT-IR spectrometers was set, we knew that some day we 
would feel obliged to raise it. For the new VERTEX 80v Bruker Optics provides an innovative 
interferometer concept and a very flexible vacuum optics layout, which is the culmination of 
everything that have been pioneered 
and developed in over 30 years. The 
new research vacuum FT-IR 
spectrometer is based on the true-
aligned UltraScanTM interferometer 
(see fig. 1), which provides the 
highest spectral resolution 
achievable on a bench top FT-IR 
spectrometer. The precise linear air 
bearing scanner and high quality 
optics guarantees the ultimate 
sensitivity and stability.  

The rugged and stable 
cast aluminium optics bench enables 
demanding experiments such as 
high spectral resolution (better than 
0.07 cm-1), ultra fast time resolved 
spectroscopy (msec down to few 
nsec temporal resolution), or ultra-
violet spectral range (up to 50,000 cm-1) measurements. The two optional external detector 
ports accommodate liquid He dewars of bolometer and/or hot electron-detectors (see beam 
exits OUT 2 and OUT 5 in fig.1). In combination with the external water cooled high power Hg-
arc source, the recently discovered terahertz spectral range is accessible (down to less than 5 
cm-1). The evacuated optics bench eliminates atmospheric moisture absorptions and provides 
extreme sensitivity and stability, especially in the far IR spectral regions.  

In this paper we will demonstrate the instruments resolving power ν/∆ν of better than 
300.000:1 on iodine vapour absorption lines in the visible spectral range. In addition from the 
area of nano-science research air water vapour free IR spectra of less than 10-3 molecular 
mono layers on gold surfaces will be presented which are achieved by use of a vacuum optics 
bench only [1]. 
 
 
 
[1] A. Schlapka, U. Käsberger, D. Menzel, and P. Jakob, Surface Science 502-503 (2002) 129-135. 
 
 
 
 
  

 
 
 

Fig.1 Optics layout of the new vacuum 
research FT-IR spectrometer VERTEX 80v. 
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 For clinical research, in-vivo blood glucose monitoring is an ongoing important topic 
to improve glycemic control in patients with non-adequate blood glucose regulation. In 
particular, for critically ill patients the intensive insulin therapy treatment is advantageous as 
established for diabetic patients. Continued interest is in infrared spectroscopic techniques 
for glucose monitoring. Its application has been reported for glucose determination in whole 
blood, serum and dialysates using transmission or ATR techniques with liquid or dried down 
samples. However, the development of an automated, micro-fluidics coupled infrared system 
for continuous long-term monitoring of glucose using a subcutaneous microdialysis probe is 
a new application. 

 A bed-side device with an FTIR-mini-spectrometer, coupled to a micro-dialysis probe 
and a fluidic system for intermittent sample transport to a micro-cell for transmission 
spectroscopy was developed for continuous glucose monitoring.1, 2 Measurements on several 
healthy and diabetic test persons were carried out with experiments lasting up to 8 hours. 
Multivariate calibration is required for glucose quantification due to the complex composition 
of dialysates obtained from interstitial body fluids. In addition to glucose, other components 
identified in the interstitial fluid include bicarbonate, lactate, urea, acetate and phosphate.  
 The on-line measured spectra were evaluated by partial least-squares (PLS) 
calibration models for prediction of the glucose concentration values or using the classical 
least squares (CLS) approach, which allows the simultaneous determination of multi-
components. For optimal PLS-quantification of glucose, spectral data from 1180 – 950 cm-1 
were used without previous spectral processing. For the CLS-approach, spectral data from 
1500 – 1000 cm-1 were used. All dialysate components were included for spectral fitting, but 
further refinement was required due to the spectral variance arising from temperature and pH 
dependency of the dialysate compound spectra. For analysing these effects, principle 
component analysis (PCA) was employed, providing factor spectra for improving the 
calibration reference spectra set and leading to robust calibration models. Using PLS-
models, the interstitial glucose concentration was determined with a standard error of 
prediction (SEP) of 0.16 mM. Alternatively, the optimal CLS calibration model yielded an SEP 
of 0.18 mM. However, the CLS-advantage is the reduced calibration effort with the option for 
a multi-component quantification.  
  
 
Financial support by the European Commission with the CLINICIP project (contract no. 
506965, 6th Framework Programme) is gratefully acknowledged.  
 
 
 
[1]  H.M. Heise, U. Damm, O. Vogt, V.R. Kondepati, Vib. Spectrosc, in press (2006). 
[2]  H.M. Heise, U. Damm, V.R. Kondepati, Proc. SPIE. 6093 (2006) 21. 
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Paintings and textiles represent an essential part of Cultural Heritage having an 
important artistic and historical significance. The analysis of organic molecules employed as 
pigments or dyes is crucial to carry out studies on their conservation. Artworks are in general 
very complex objects and the organic pigments are often present only in very small 
quantities, thus, their study is difficult and a large effort has been devoted to find analytical 
non-destructive method to allow the in situ study of art objects without their destruction. 

Vibrational spectroscopy (Raman and infrared (IR) spectroscopy) is a very useful tool 
for specific identification of molecules with very good spatial resolution. In particular the 
Surface-enhanced Raman spectroscopy (SERS) technique represented a remarkable 
improvement in the detection. These pigments are in many cases highly fluorescent, display 
a relative small Raman cross-section and are practically insoluble in water. All these facts 
make more difficult their study by normal Raman. SERS technique implies the use of 
nanostructured Ag or Au surfaces to enhance both the incident and scattered light resulting 
from the studied molecules.  

In this work we present preliminary results derived from the application of SERS and 
Surface-enhanced Infrared spectroscopy (SEIR) to the flavonoids quercetin, luteolin, 
apigenin and kaempferol. This is the first time that surface-enhanced vibrational techniques 
are applied in the study of these compounds. Flavonoids are organic colouring materials 
known since the antiquity which have been used traditionally to prepare artist’s pigments and 
textiles dyes. These compounds also have important biological activity. A previous 
assignation of Raman and IR vibrational spectra of flavonoids was made on the basis of the 
different position of the –OH groups existing in these molecules. SERS spectra of flavonoids 
display many differences when compared to normal Raman of solid and solution suggesting 
that these molecules undergo a clear chemical change upon adsorption on the metal 
surface. We have found that the chemical degradation depends on the flavonoid structure 
and it can also be modulated by changing the pH. The laser irradiation line employed as 
excitation also seems to have an influence in the pigment degradation on the metal surface. 
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 Fourier Transform Infrared (FTIR) spectroscopy is a powerful technique, widely used 
for gas analysis in both laboratory and field studies. Due to its high methodological flexibility 
applications are widespread from real-time measurement of industrial processes to 
environmental monitoring of trace gases [1, 2]. The quality of the analytical result, however, 
is strongly dependent on task-specific optimization of the system which includes hardware 
configuration, quantification algorithm and calibration strategies. 
 Here we present a newly developed method based on a portable, commercially 
available, 0.5 cm-1 resolution FTIR spectrometer which allows simultaneous on-line analysis 
of most important atmospheric trace gases (CO2, CH4, N2O, CO) as well as the 13C/12C 
isotopic ratio of ambient CO2 (δ13C - CO2). The optimized instrumental setup yields high 
temperature and pressure stability and an exceedingly good spectral signal to noise ratio.  
 With this novel FTIR method a precision of 0.06-0.10 ‰ for CO2, CH4, N2O and 
0.19 ‰ for CO was obtained, which is competitive with accepted single-component trace gas 
measurement techniques. For δ13C - CO2 we designed a calibration procedure that is 
distinctly different from the concepts published so far [3], using a set of multicomponent 
standards that were prepared from CO2 emission sources with characteristic isotopic 
composition and quantified by Isotope Ratio Mass Spectrometry (IRMS). For the 
quantification with an optimized non-linear partial least square (PLS) algorithm we obtained a 
precision of 0.2‰. Further validation was performed in various laboratory and field studies 
using well established methods such as GC-FID/ECD, laser spectroscopy and IRMS. 
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