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Welcome 
 

 

After 18 years, the European Congress on Molecular Spectroscopy (EUCMOS) returns to 

Portugal. The previous edition of EUCMOS hold in Coimbra took place in the year 2000. I am 

sure that all those who had the opportunity to attend that meeting, still keep it in their 

memory as an extraordinary conference. At that time, 

the opening lecture was delivered by the Nobel Prize 

winer Professor Sir Harold Walter Kroto, whom we all 

miss so dearly. Harold Kroto passed away in April 20th 

2016, and I would like to dedicate this congress to his 

memory. Besides being an outstanding scientist who 

dedicated his life to spectroscopy and education in 

science, Harry was also a good friend, whose accute and fine humor and modesty were marks 

of his personality.  

EUCMOS 2018 appears as a new opportunity for scientists working in the field of 

molecular spectroscopy and related subjects to meet for a week and share their works in an 

environment that has been prepared to stimulate the exchange of ideas and help to find new 

paths to address the most important contemporary scientific challenges in this domain. It is 

very gratifying to know that leading scientists in the field of molecular spectroscopy have 

accepted our invitation and will share with us their knowledge.  

Coimbra is a very beautiful and peaceful town situated on the Mondego River, 

approximately 185 km Northeast of Lisboa and 98 km Southeast of Porto. The city served as 

the capital of Portugal from 1139 to 1385 and was the birthplace of six monarchs from the 

portuguese 1st Dynasty. Noted for its cultural tradictions and artistic treasures, Coimbra was 

long the intellectual capital of Portugal and remains one of its most important cities. The live 

of the city depends primarily on its University, which was founded in 1290 and it is one of the 

oldest universities in Europe. Like an acropolis, the white buildings of the University of 

Coimbra now dominate the hilltop overlooking the north bank of Mondego. However, the 

University of Coimbra has been able to conciliate the past with both the present and future 

and it is also a "modern" university, very well equipped with up-to-date technology in the 

various fields of knowledge, and where science and technology are considered to play an 

essential role. The Science and   Technology Faculty has actually more than 8000 students and 
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more than 300 senior professors that dedicate to the most relevant branches of fundamental 

and applied science, being the largest and the most prominent faculty of the University. The 

Chemistry and the Physics Departments are certainly among the most important research 

centres in these fields of research in Portugal, and both have since long ago attained the 

respect of the international scientific community. 

I am sure that the outcome of EUCMOS 2018 will be an important contribution to the 

progress of Chemistry and Physics, in particular of molecular spectroscopy, and that this 

meeting will confirm the excellence of the EUCMOS series, now ready to cellebrate its 67th 

aniversairy, since the first event in Basel in 1951. It is a pleasure for me now, as chairman of 

EUCMOS 2018, and also as President of the International Steering Committee of EUCMOS, to 

extend a warm invitation to you to attend the congress and wish you a very nice stay in 

Coimbra.  

 

 

 

 

 

 

Rui Fausto, Ph.D. 

Chairman of EUCMOS XXXIV 
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Novel Molecular Terahertz Spectroscopies 
 

Mischa Bonn 
Max Planck Institute for Polymer Research, Department of Molecular Spectroscopy  

Ackermannweg 10, 55128 Mainz, Germany  

bonn@MPIP-Mainz.MPG.de 

 

Terahertz spectroscopy, spanning the range from 0-20 THz, or equivalently, 0-660 cm-1, has 

been widely and very successfully used in the study of charge carrier dynamics in 

semiconductors [1]. There have been decidedly fewer successful studies reporting molecular 

spectroscopy in this interesting fingerprint region, where optical phonons and low-frequency 

vibrational modes are active. At room temperature, substantial thermal excitation of these low-

frequency modes typically occurs, determining the structural dynamics in a variety of systems. 

Here, I describe our recently developed new types of terahertz spectroscopies to obtain 

important insights in both phonon dynamics in solid-state materials [2] and coupling between 

high-frequency modes and low-frequency modes in water [3] and other systems. 

 

References 

  
1. R. Ulbricht, E. Hendry, J. Shan, T. F. Heinz, M. Bonn, Rev. Mod. Phys. 83 (2011) 543. 

2. H. Kim, J. Hunger, E. Cánovas, M. Karakus, Z. Mics, M. Grechko, D. Turchinovich, S. H. Parekh, M. 

Bonn, Nat. Commun. (2017) DOI: 10.1038/s41467-017-00807-x. 

3. M. Grechko, T. Hasegawa, F. D'Angelo, H. Ito, D. Turchinovich, Y. Nagata, M. Bonn, Nat. Commun. 

(2018) DOI: 10.1038/s41467-018-03303-y. 
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Non Linear Optics at Interfaces: Sensitive Probing of Biomolecular 

Recognition by Sum Frequency Generation and the Quest of Super 

Resolution Infrared Microscopy of Biological Tissues 

 
André Peremans, N. Hedaoui and C. Bouchened 

University of Namur, Belgium 

andre.peremans@unamur.be 
 

Since the pioneering work of Guyot-Sionnest in 1987, vibrational spectroscopies exploiting the 

non-linear optical processes have opened new opportunities for the analysis of biological 

systems, as well as, for bypassing the spatial resolution limit imposed by diffraction in infrared 

microscopy.  

Indeed, biological molecules are complex and their infrared spectroscopy signature barely 

modified upon the structural change resulting from bio-recognition interactions. However, the 

selection rules of sum-frequency generation (SFG) makes this technique particularly sensitive 

to these structural modifications, and adapted for the determination of the biological films 

configuration as we demonstrated for: avidin-biocytin, penicillin derivative molecule, and 

biomimetic lipid systems. 

Chemical cartography of biological tissues is traditionally realized by anchoring fluorescent 

chromophores on specific chemical functions. In 1994, Hell demonstrated the possibility of 

bypassing the spatial resolution limit, due to diffraction, in fluorescent microscopy using the 

stimulated-emission-depletion (STED) process. We recently demonstrated that the intrinsic 

non-linear optical properties of vibrational transitions also enable to perform super-resolution 

infrared microscopy on semiconductor and polymer materials, opening the prospect of label-

free super resolution vibrational microscopy. 
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Developing the Surface Chemistry of Hybrid  Nanomaterials for  SERS 
 

Tito Trindade  
Department of Chemistry ï CICECO, University of Aveiro, 3810-193 Aveiro, Portugal 

tito@ua.pt  
 

The application of conventional Raman spectroscopy for trace detection of compounds of 

environmental and biological interest has been hampered by their low intense Raman signals. 

This is consequence of the small Raman scattering cross-section, which usually implies that the 

sample under analysis should be present in reasonable amounts. Surface enhanced Raman 

scattering (SERS) is a surface method that has been exploited in several areas with great impact 

in the development of new analytical platforms for chemical detection of vestigial amounts of 

certain organic compounds. The SERS effect originates enhanced Raman signals for molecules 

present in the vicinity of certain metal surfaces, typically of gold and silver [1,2]. Among the 

several factors that affect such Raman signal enhancement, the chemical nature and 

morphological features of employed SERS substrates are of paramount relevance. As such, 

great efforts have been made in order to fabricate highly sensitive SERS substrates with 

controlled features at the nanoscale level [3,4]. 

This lecture will provide an overview of our research on several nanomaterials that have been 

investigated aiming at the fabrication of SERS substrates [4]. In particular, hybrid 

nanostructures that result from more than one type of material will be described, together with 

surface modification strategies that intend to improve their applicability as SERS substrates for 

analytical detection. Examples of such nanomaterials include metal (Ag, Au) loaded polymer 

nanocomposites and multiphasic inorganic nanostructures of colloidal nature. Although the 

emphasis has been on materials development rather than the implementation of analytical 

protocols, several types of analytes have already been tested in SERS detection by using these 

nanomaterials. Here we will consider the SERS detection of organic compounds that raise 

serious concerns due to their adverse effects as water pollutants. Finally, the challenges that this 

approach faces in real applications will be addressed together with important recent 

developments that might mitigate some of these limitations, such as instrumentation 

development associated to surface chemistry methods. 

 

References 
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Plasmonic Nanoparticles with Many Sharp Apexes and Edges as Efficient 

Nanoresonators for Shell-Isolated Nanoparticle-Enhanced 

Raman Spectroscopy 
 

Andrzej Kudelski  
Faculty of Chemistry, University of Warsaw, ul. Pasteura 1, 02-093 Warsaw, Poland 

akudel@chem.uw.edu.pl 
 

One method allowing for investigations of various interfaces, even so-called buried interfaces 

(e.g., surfaces of solid samples in a high pressure gas or liquid) is the deposition of plasmonic 

nanostructures on the analysed surfaces and subsequent recording of the Raman spectra. 

Plasmonic structures act as electromagnetic nanoresonators leading to a local enhancement of 

the intensity of the electric field of the incident radiation, which leads to an increase in the 

efficiency of Raman scattering for molecules in close proximity to such nanoresonators. 

Because many biological molecules can change their structure during interaction with metal 

surfaces, plasmonic nanostructures are sometimes covered with very thin layers of chemically 

inert oxides, which prevent direct interaction between the sample being analysed and the metal 

surface. The Raman analysis of surfaces using surface-protected plasmonic nanoparticles is 

called shell-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS) [1]. In this 

contribution, the examples of using of plasmonic nanoparticles with many sharp apexes and 

edges, such as: bipyramidal-Au@SiO2, decahedral-Ag@SiO2, cubic-Ag@SiO2, and silica-

covered star-shaped Au-Ag nanoparticles as SHINERS nanoresonators will be presented (see 

Figure 1). Since the highest field enhancement is usually generated on sharp edges and apexes 

of plasmonic nanostructures, the Raman enhancement factor induced by such anisotropic 

nanoparticles is significantly (even above one order of magnitude) larger than the enhancement 

factor generated by respective standard semi-spherical nanostructures. Synthesized SHINERS 

nanoresonators were used for measurements of some thiolate monolayers formed on a platinum 

surface and for detecting the pesticides thiram and methyl parathion deposited on surfaces of 

various fruits and vegetables. For example, the limit of detection of thiram deposited on a 

tomato skin was estimated as 1.2 ng cm-2. 

 

    

Figure 1 ï TEM images of various SHINERS nanoresonators. 
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Ag Nanosponge Aggregate with Incorporated Hydrophobic Adsorbates as a 

Sample for Effective SER(R)S Spectral Detection 
 

Veronika Sutrováa,b, I. Ġloufov§a, E. Pavlovab and B. Vlļkov§a 
a Dept. of Physical and Macromolecular Chemistry, Charles University, Hlavova 2030, 128 43, Prague 2, CZ 
b Institute of Macromolecular Chemistry, ASCR, v.v.i., Heyrovsky Sq. 2, 162 06 Prague 6, CZ 

sutrovav@natur.cuni.cz 

 

Surface-enhanced Raman scattering (SERS) and Surface-enhanced resonance Raman scattering 

(SERRS) spectroscopies are well-known spectro-analytical methods, which utilize 

enhancement of Raman scattering of molecules by plasmonic metal nanostructures. Effective 

localization of molecules into ñhot spotsò (i.e. strong, nanoscale localized optical fields 

generated in plasmonic metal nanostructures, such as nanoparticle (NP) assemblies, by an 

external optical excitation) provides large enhancement of their Raman signal. Presence of ñhot 

spotsò has been predicted and proved experimentally in fractal aggregates [1,2] and in dimers 

of Ag NPs [3,4]. Recently, we obtained strong indices about the presence of ñhot spotsò in 3D 

Ag nanosponge aggregates containing hydrophilic adsorbates [5]. 

In this contribution, we report preparation and SERS spectral testing of 3D Ag nanosponge 

aggregates, which were assembled in a two-phase system containing a Ag-NPs hydrosol 

modified by adsorbed Cl- and a dichloromethane solution of the selected hydrophobic 

adsorbates, namely fullerenene (C60) and 5,10,15,20-tetraphenyl-21H,23H-porphine (TPP) Ag-

NPs hydrosol was prepared by reduction of AgNO3 by NH2OHĀHCl [6]. For SE(R)RS spectral 

measurements, 3D Ag nanosponge aggregates with incorporated testing adsorbate and chloride 

anions were prepared and let to dry. SERS and SERRS spectra were measured at four excitation 

wavelengths, namely 445, 532, 633 and 780 nm. The concentration values of the limits of 

SE(R)RS spectral detection of TPP were determined as follows: 1×10-13 M at 445 nm excitation 

(SERRS), and 1×10-8 M at 532 nm, 1×10-8 M at 633 nm and 1×10-7 M at 780 nm (SERS). 

Furthermore, the following concentration values of the limits of SERS spectral detection were 

determined for C60: 1×10-6 M at 445 nm, 1×10-7 M at 532 nm, 1×10-5 M at 633 nm and 1×10-6 

M at 780 nm. A comparison of the limits of the SE(R)RS spectral detection of TPP with those 

of C60 shows that the former are significantly lower than the latter ones. This can be caused by 

several factors, such as a less effective incorporation of C60 into the internal structure of Ag 

nanosponge aggregate than that of TPP. We have also tested the systems, in which the Ag 

nanosponge aggregate was overlayed by a solution of the testing adsorbate. In that case, the 

limits of SE(R)RS spectral detection are, for both adsorbates, by two orders of magnitude higher 

than in case of their incorporation into the internal structure of Ag nanosponge aggregates. 

Incorporation of the adsorbates into the aggregates structure thus represent a substantially more 

effective way of their SERRS and/or SERS spectral detection. 
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Molecular Organization at Charged Solid-Water I nterfaces:  

vSFG ɢ(2)(ɤ) signal, ɢ(3)(ɤ) Contribution and How to Use Them  

for Revealing Interfacial Structures 
 

Daria Ruth Galimberti, Simone Pezzotti and Marie-Pierre Gaigeot 
LAMBE UMR8587, Universit® dôEvry val dôEssonne, Blvd F. Mitterrand, Bat Maupertuis, 91025 Evry,  

France Université Paris-Saclay, France 

dariaruth.galimberti@univ-evry.fr 

 

The understanding of the molecular organization at mineral-water interfaces is a mandatory first 

step on the path to the rationalization of physico-chemical phenomena taking place at these 

interfaces and governing for example the transport of organic molecules and pollutants in soils, 

heterogeneous catalysis for e.g. photovoltaics and batteries, drugs encapsulation and relishingé  

Non-linear vSFG (vibrational Sum Frequency Generation) spectroscopy is one of the most 

powerful techniques to get an understanding of the water structural organization at interfaces, 

since SFG signal is zero for centrosymmetric media such as bulk water. However, due to the 

complexity of the involved interfacial phenomena and the interplay of multiple contributions, 

the interpretation of these spectra based on the experiments alone is not so trivial.  

For charged interfaces, the molecular interpretation of SFG spectral signatures becomes even 

more complex: the signatures arising from the first water layer in contact with the solid surface 

are convoluted with the signatures of water located farther away from the surface. The 

deconvolution of these signatures is mandatory to correctly interpret vSFG spectra of charged 

interfaces, as shown by Shen et al. [1] recently. In collaboration with Shenôs group, using 

DFTMD simulations, we have developed [2,3] an unambiguous and universal structural 

definition for the two spatial interfacial regions denoted as BIL (Binding Interfacial Layer) and 

DL (Diffuse Layer) in ref.1, using water structural properties only. In particular, our 

deconvolution scheme allows demonstrate that the DL spectrum arises from the non-linear third 

order contribution of bulk liquid water, therefore with a universal molecular origin at any 

charged interface. We furthermore show how our deconvolution scheme provides direct 

knowledge of the isoelectric point at any aqueous surface and characterization of the formation 

of an Electric Double Layer (EDL) when aqueous ionic solutions are considered [2,3]. 
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Magneto-Plasmonic Nanoparticles for  Separation and SERS Detection of 

Antibiotics   
 

Paula C. Pinheiro, Sara Fateixa and Tito Trindade 
Department of Chemistry, CICECO-Aveiro Institute of Materials, University of Aveiro, 

3810-193 Aveiro, Portugal 

pcpinheiro@ua.pt 
 

Vestigial antibiotics dissolved in water sources have been regarded with increasing concern due 

to potential risks to human health and ecological negative impact. In particular, the occurrence 

of these pharmaceutics in aquatic ecosystems might contribute to the increasing resistance of 

some pathogenic microorganisms to conventional antibiotics [1]. Common methods for 

detection of antibiotic vestiges are generally time-consuming, cost intensive and involve 

complex laboratorial procedures. In this context, surface-enhanced Raman scattering (SERS) 

emerges as an interesting method to explore because it affords high sensitivity, spectroscopic 

fingerprints, easy sample preparation, and non-destructive analyses. Our interest in this field, 

prompted us to develop several types of nanostructured platforms for SERS detection of 

bioanalytes dissolved in water, including molecules of antibiotics [2-4]. 

Here, we report the preparation of multifunctional hybrid nanostructures that combine magnetic 

(Fe3O4) and plasmonic (Ag, Au) colloidal nanoparticles. The ability of such magneto-plasmonic 

nanocomposites for SERS detection of antibiotics (e.g. penicillin G) dissolved in aqueous 

solutions was evaluated in a range of operational conditions. Taking advantage of the magnetic 

properties of the nanocomposites, these materials can be used to concentrate the target analyte 

on the substrate and as such to contribute for a more efective SERS detection. Additionally, 

adsorption studies were carried out for assessing the performance of such substrates. The results 

will  be discussed on a perspective of using these materials as analytical platforms for 

laboratorial monitoring and also in local sampling points located in remote regions. 

 

 
Figure 1 ï Schematic representation of a magneto-plasmonic nanostructure.  
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Metal-Enhanced Fluorescence of Riboflavin Deposited on Spacer-Modified 

Ag Substrate: Spectral Intensity and Lifetime Study 
 

Petr Prausa, Eva Koļiġov§a, Martin Ġubra, Franck Sureaub, OndŚej Kyli§nc,  

Anna Kuzminovab, Marek Procházkaa and Josef ĠtŊp§neka 

a Charles University, Faculty of Mathematics and Physics, Ke Karlovu 5, 12116 Prague, Czech Republic 
b Laboratoire Jean Perrin, case courrier 114, 4 Place Jussieu, 75005 Paris, Université P. et M. Curie, France 

c Charles University, Faculty of Mathematics and Physics, Department of Macromolecular Physics V, 

Holeġoviļk§ch 2, 18000 Prague 

praus@karlov.mff.cuni.cz 
 

Metalïenhanced fluorescence (MEF) is a case if the excited fluorophore strongly interacts with 

surface plasmons of nanostructural metal surface leading to increases in fluorescence intensity 

and decreases in lifetime. This phenomenon strongly depends on the fluorophore molecule 

distance from the metal surface [1]. 

Confocal microspectrofluorimeter adapted for timeïresolved intracellular fluorescence 

measurements by using a phaseïmodulation principle with homodyne data acquisition was 

employed to obtain fluorescence emission spectra and to determine fluorescence lifetimes. 

Experimental setup is appropriately arranged for the lifetime determination in measured 

spectrum as well [2,3]. MEF spectra of riboflavin (vitamin B2), which is a biologically 

important molecule, were obtained from solution deposited on silver nanoislands [4] covered 

by a polytetrafluoroethylene (PTFE) spacer of thickness from 0 to 20 nm. We have focused on 

the fluorescence intensity enhancement factor and the lifetime shortening in dependence on the 

PTFE spacer thickness (see Fig. 1). 

 

 
Figure 1 ï Left: Surfaceïenhanced fluorescence (SEF) intensity spectra of riboflavin in a water solution dropped 

on Ag nanoislands covered by a PTFE spacer of various thickness. Right: Riboflavin lifetimes measured at a water 

solution/spacer interface. Concentration of the riboflavin stock solution was 10-5 M; comparison to the droplet on 

a Si wafer is made. 
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Wybren Jan Buma 
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Absorption of light brings molecules into an activated state. From this state radiative processes 

can occur, but much more interesting are the nonradiative, dark processes in which the photon 

energy is transformed into other forms such as mechanical and chemical energy. We aim to 

control these light-to-activity pathways as they allow us to use photon energy to drive targeted 

applications such as energy conversion, photocatalysis, photon-driven molecular 

nanotechnology, as well as optogenetics and photopharmacology. 

Key to tailoring photoactivity are studies of the potential energy surfaces of electronically 

excited states. This is not trivial because photoactivity is generally associated with (ultra)fast 

conversions of energy. Using eye-catchers from molecular nanotechnology, health care, and 

various areas where photochromic compounds are employed, we have shown in recent years 

how óslowô spectroscopies can map the excited-state potential energy surfaces and reveal the 

dynamics that occur on these surfaces. This is exciting as there is a huge amount of 

photoresponsive systems that so far have been deemed inaccessible because of their short 

excited-state lifetimes. There is thus still much to be learnt on the dark side of the forces that 

act upon molecules after light absorption. 

  

PL
2 



 

  

40 EUCMOS 2018  

 

 

Thermal Degradation Behaviour of Elastomers  
 

Monika Plassa, Ahmar Hasnaina and Varun Thakurb 
a Dow Europe GmbH, Core R&D Analytical Sciences 

b Elastomer & Electrical Telecommunication Bachtobelstr. 3, 8810 Horgen, Switzerland 

mplass@dow.com 

 

The thermal behaviour of EPDM elastomers has been studied under oxidative as well as inert 

conditions using thermal gravimetric analysis hyphenated with FTIR spectroscopy. 

The coupling of these two analytical techniques allows to study the gas molecules evolved at 

inert and oxidative conditions and thus is a great tool for the investigation of degradation effects 

complementary to TGA/MS analysis. 

In the presentation we will be discussing the challenges of the TGA/FTIR spectroscopy as 

routine method for pure polymer and polymer formulation analysis and compare with other 

techniques usually applied for the investigation of thermal stability analysis. 

On the example of ethylene-propylene-diene copolymers (EPDM) with different comonomer 

composition the degradation mechanism will be presented. The evolved species will be 

characterized by FTIR and mass spectrometry. In particular, the effect of ethylene and diene 

content on the thermal stability of the polymer will be shown. 

 

CH3

CH3

n                   m                       x                     n

 
Figure 1 ï Structure of EPDM 
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Characterisation, Coverage, and Orientation of Functionalised Graphene 

using Sum-Frequency Generation Spectroscopy 
 

Sven P. K. Koehler, Huda AlSalem and Chloe Holroyd 
Manchester Metropolitan University, Chester Street, Manchester, M1 5GD, UK 

Photon Science Institute, University of Manchester, Oxford Road, Manchester, M13 9PL, UK 

s.koehler@mmu.ac.uk 
 

Graphene has received much attention due to its remarkable (opto-)electronic properties. 

However, graphene does not possess a band gap, which limits its implementation in many 

proposed applications. Hence more attention has recently been paid to modified graphene and 

graphene derivatives. Graphene is most commonly characterised by Raman spectroscopy, but 

this has a number of drawbacks when investigating functionalised graphene. We have hence 

employed vibrational sum-frequency generation (SFG) spectroscopy to directly identify 

functional groups bound to graphene based on their vibrational signatures.  

In the work reported here, we studied 1) polymer impurtities on graphene [1], 2) phenyl-

decorated graphene [2], and 3) hydrogenated graphene [3]. The SFG spectra below show the 

aromatic C-H stretches of the phenyl rings on graphene, and the C-H stretches of hydrogenated 

graphene. While comparison with a self-assembled monolayer of phenyl thiols allows us to 

extract surface coverages for the phenyl-decorated graphene (~2.0 × 1014 cm-2, or ~5% of 

carbon atoms of graphene), we can extract information about the binding motifs of hydrogen to 

graphene by comparison with density functional theory calculations. 

We have also established that the de-coherence times of the vibrationally excited aromatic C-H 

bonds on phenyl-graphene and on phenyl-self-assembled monolayers are below 1 ps [4], and 

hence independent of the presence of the graphene substrate. 

 

 
Figure 1 ï (Left) Raw (black dotted) and fitted (solid red) SFG spectra of (a) PMMA on pristine graphene, (b) 

phenyl-functionalised graphene, and (c) a phenyl-self-assembled monolayer. (Right) Fitted C-H stretches of 

hydrogenated graphene after different Birch reduction times. 
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For glass forming materials, universal excitation called boson peak is observed in the terahertz 

region [1]. We have recently pointed out how this BP appears in the infrared spectrum [2,3], 

although this fact was familiar to past researchers [4]. On the other hand, in polymer glass, there 

is fractal dynamics, so-called fracton, which is expected to appear above boson peak frequency 

as a result of self-similarity of monomer molecules and anomalous diffusion process [5]. The 

fracton dynamics has been discussed experimentally by using low-frequency Raman scattering 

[6]. 

Starch is a natural polymer formed by polymerization of a number of Ŭ-glucose molecules by 

glycosidic linkage and includes straight-chain amylose and amylopectin having a branched 

structure. It is known that the content of both amylose and amylopectin is changed depending 

on the plant from which it is derived, and the crystallinity is lowered when the amylose content 

is high [7]. Furthermore, the microwave-treated carboxymethyl starch (CMS-Na) used in this 

study is amorphous with almost zero degree of crystallinity and it is suitable as a basic research 

substance of polymer glass [8]. 

In this study, we attempt to detect universal boson peak behavior in glassy materials and fracton 

expected to universally appear in polymer glass, using terahertz time-domain spectroscopy and 

low-frequency Raman scattering, for CMS-Na. 

 

References 

 
1.  T. Nakayama, Rep. Prog. Phys., 65, (2002) 1195. 

2.  M. Kabeya, T. Mori, Y. Fujii, A. Koreeda, B. W. Lee, J. H. Ko and S. Kojima, Phys. Rev. B, 94 (2016) 

224204. 

3. W. Terao, T. Mori, Y. Fujii, A. Koreeda, M. Kabeya and S. Kojima, Spectrochim. Acta A, 192 (2018) 446. 

4.  T. Ohsaka and S. Oshikawa, Phys. Rev. B, 57, (1998) 4995. 

5.  S. Alexander and R. Orbach, J. Phys. (Paris), 43 (1982) L625. 

6. S. Saikan, T. Kishida, Y. Kanematsu, H. Aota, A. Harada and M. Kamachi, Chem. Phys. Lett., 166 (1990) 

358. 

7.  N. W. H. Cheetham and L. Tao, Carbohydr. Polym., 36 (1998) 277. 

8.  K. Kaczmarska, B. Grabowska, T. Spychaj, M. Zdanowicz, M. Sitarz, A. Bobrowski and S. Cukrowicz, 

Spectrochim. Acta A, in press. 

 
Acknowledgements: This work was partially supported by JSPS KAKENHI Grants No. 17K14318, the 

Nippon Sheet Glass Foundation for Materials Science and Engineering, and the Asahi Glass Foundation. 

  

OC
8 



 

  

EUCMOS 2018 43 
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Two-photon opticall microscopy have atracted much attention for 3D-imaging in biological 

media owing to the deep tissue penetration of the excitation light, reduced out-of-focus 

photobleaching, up-converted emission and well separated emission from the scattered 

excitation light. 

Fluorescent probes with high two-photon absorption (TPA) cross-section, fluorescence 

quantum yield and photostability are needed to reach the potential of the technique. In this 

communication the photophysical properties of a family of quinolizinium dyes [1] polymers 

and hybrid polymer nanoparticles based on the 1,3,5-triazine unit [2] and N-doped carbon dots 

[3] are presented. 

The carbon dots are particularly suitable as TPA fluorophores for bioimaging due to their high 

photostability, water solubility, biocompatibility and versatile surface chemistry despite their 

modest TPA cross-section (200-1000 GM) and fluorescenc quantum yield. The dispersion of 

carbon dots is herogeneous with carbon dot sizes of the order of 5 nm (diameter) and excitation 

wavelength dependent emission with two main bands with maximum at 440 nm (blue) and 520 

nm (green) by one-photo excitation (OPExc). Interesting, by two-photon excitation (TPExc) 

only the green emission was observed shown in Fig. 1. This results in the selective excitation 

of the green emitting site by TPA. 

 

 
Figure 1 ï Excitation-wavelength dependence of the emission spectra of carbon dots by one-photon (OPA) and 

two-photon absoprption (TPA). 
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The What, How and Where in Art and Archaeology: Use of Raman 

Spectroscopy for the Study of Ceramics, Glasses and Porcelains 
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a LASIR (CNRS, UMR 8516), Université Lille, 59650 Villeneuve d'Ascq, France   
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c Equipe Arch®ologie de l'Asie Central (CNRS, UMR 7041) Nanterre, France 

d UFR Sciences, URCA, Université de Reims, 51687 Reims, France 
sylvia.turrell@univ-lille1.fr 

 

Art conservators have long been armed with analytical techniques to explore the chemical 

make-up of paints and dyes, glasses and ceramics. But often the questions for researchers at 

the arts/science interface concern, not just the chemical content of the material or object, but 

also technologies possibly used for the fabrication or for the surface decoration. Often 

questions concerning the identification of corrosion products or the determination of 

contaminants, or the evolution of chemical mechanisms involved can aid in the identification 

of the provenance and authenticity of an object, as well as details related to production or 

storage. But all of these problems involve structural information of complex artefacts and 

thus require a multi-technique approach to perform adequate characterization of original and 

altered compounds. 
In this context, Raman spectroscopy has shown to be an extremely powerful addition to the 

panel of techniques for the non-destructive or minimally destructive characterization of such 

materials. 
In this presentation, three case studies will be presented in order to demonstrate the broad 

domains in which Raman spectroscopy can contribute to the unravelling of problems related 

to glasses and porcelains. The examples, covering the determination of raw materials, of 

fabrication processes and of firing techniques, will be: the comparison of characteristics and 

evolutions of painting techniques (raw materials, fabrics and painting processes) of potters 

in two regions of bronze-age Pakistan; the laboratory determination of firing temperatures 

of ancient Deruta potteries; the verification and comparison of techniques used in four 

different factories for the 20th century fabrication of faiences and porcelains. 
 

 

 

 

 

 

 

 

 
Figure 1 ï Kachi-Bolan potteries, 3000 BCE, Pakistan            Figure 2 ï Cup tessons, 20th cent., Fismes, France 
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Main subject and basis of the analysis is the Historical Collection of Dyes at the Hochschule 

Niederrhein, University of Applied Sciences which is the biggest and oldest collection of this 

type. It was continuously established by the precursor institutions of the Hochschule 

Niederrhein since the 1860s and comprises about 10,600 containers with colourants as well as 

books with colour samples corresponding to the particular era of production. It represents nearly 

all dyes invented by the German chemical industry until middle of the 20th century and thus, 

broadly documents the development of both this industry and the synthetic dyes. 

As this development is very interesting for the field of natural sciences, comprehending it is 

part of a project named ñWeltbuntò (meaning ñColoured Worldò). The project intends to 

investigate the correlations between the inventions in the chemical industry and the changes in 

fashion and everyday life. The instrumental-analytic part of the project focuses on the history 

of the chemical industry by analysing the dye powders. The method used is FTIR (Fourier 

transform infrared spectroscopy), precisely an IR spectrophotometer linked to a corresponding 

IR microscope. 

The research starts with the choice of the most suitable sample preparation and the exact 

measuring method to provide comparability of the spectra in the course of the project. For the 

sample preparation, either a KBr pellet can be made from the dye or the powder itself can be 

measured. Concerning the method, three alternatives are available: measuring in transmission 

mode or in absorption mode, in this case either by using an ATR (attenuated total reflection) 

unit or the IR microscope mentioned above. Combination yields in five different options from 

which the optimal approach needs to be selected i.a. by comparing the resulting spectra with a 

modern spectral database. 

After having decided the ideal procedure, it will be of special interest to look at dyes with 

identical names, but from different producers. Furthermore, to differentiate between products 

from one manufacturer with up to now mostly unexplained affixes like ñAnthracyanin FLò and 

ñAnthracyanin 3 GLò will be another idea to pursue. The project also aims for findings about 

the trading of patents which probably already took place in the time before World War I which 

could be proved e.g. by comparing the spectra of dyes which have been marketed under 

different trade names but are chemically identical. Thereby, information about the raw material 

deployed, the synthesis processes and possible contamination can be gathered, too. With the 

data measured a spectral database of historical dyes shall be established during the project to 

bridge the gap between the pure dyes, their colouring reaction products which can be found in 

the sample books including the corresponding formulations and the coloured textiles as final 

product. 
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Damage caused by chemical, mechanical, physical and environmental factors are a subject of 

major concern in the society. Daily hair care routines such as brushing, heat drying, setting 

hairstyle with a heating device, chemical treatment and coloring process causes damage to the 

hair. Of all treatments, bleaching is the most damaging, raising the outer cuticle and breaking 

the hair disulfide bonds. Undesirable changes are induced in the morphological, chemical, and 

physical properties of hair by such damage. People notice these changes from the hair texture 

and physical appearance of hair. Damaged hair is dry, brittle, inelastic and more prone to 

breakage and split ends. It is also more porous and swollen and therefore more vulnerable to 

other chemical and non-chemical processes. In the present study, Fourier transform infrared 

(FT-IR) microscopic technique was used to analyze hair subjected to different types of chemical 

and physical treatments. The goal of the study was to understand the extent of damage as well 

as chemical and structural changes associated with them. Damage is caused when the disulphide 

linkage in the amino acid cystine is broken down to cysteic acid. Higher amounts of cysteic acid 

indicates higher degree of damage. The analysis clearly showed the presence of cysteic acid in 

both virgin and treated hair. The presence of lower amounts of cysteic acid in virgin hair could 

be most likely due to environmental factors such as exposure to UV radiation from sunlight. An 

increase in cysteic acid content while going from virgin to color to heat treated to bleached hair 

indicates bleaching as the most damaging treatment. This study demonstrates FT-IR microscope 

as an important technique to detect functional groups responsible for damage and to provide 

insight into the chemical distribution of these functional groups on the surface of hair. 
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Sedimentary organic matter (OM) evolves following temperature and pressure over burial 

history. During the exploration for fossil energy sources, the degree of evolution (thermal 

maturity) of OM has to be accurately determined and recently spectroscopic analysis are more 

and more widely applied [1], especially Raman [2]. However, its utility may be limited by some 

subjectivity in band fitting or spectroscopic parameters selection [3].  

Here the maturity of the OM samples from two drilling wells is evaluated from the Raman 

spectra analysed by both the more traditional extraction of spectral parameters (band distances 

and area ratios) and by Principal Component Analysis-Partial Least Square regression (PCA-

PLS). Being multivariate and automated, the chemometric method presents the advantage of 

being intrinsically unaffected by arbitrariness: the whole spectrum is analysed in a systematic 

way to extract the ranges of maximum variance in correlation to maturity. Traditional and 

chemometric method results agree satisfactorily, with good prediction of the maximum 

temperatures of ageing during burial time, as obtained from the thermodynamical modelling of 

geological data (Scheme 1). The influence of the sample geographical origin and kerogen type 

(marine, lacustrine or terrestrial origin) on Raman spectra is discussed. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Workflow of Organic Matter Maturity prediction by Raman Spectrcoscopy and PCA-PLS methods. 
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Rotational Spectroscopy,  
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The recent detection of benzonitrile in interstellar space represents a significant milestone in 

astrochemistry [1]. The detection of a simple derivative of benzene by radioastronomy has been 

a long-sought goal of many, including us. Our interests in astrochemistry have drawn us into 

the field of high-resolution rotational spectroscopy because this technique is the basis by which 

molecules are identified in space using radioastronomy. I will describe our studies of the 

millimeter-wave rotational spectra of several polar aromatic compounds, including pyridazine, 

pyrimidine, and benzonitrile, with the goal of providing high-quality laboratory data to facilitate 

observational astronomy.  

Figure 1 

 

Recent studies represent a striking demonstration of the power of modern experimental and 

theoretical methods for the prediction, analysis, and interpretation of spectroscopic and 

structural data [2]. In simple but non-trivial systems, modern electronic structure methods are 

able to predict structural parameters (bond lengths, bond angles) to within the accuracy of high-

precision experimental measurement. This outcome validates both the accuracy of the ab initio 

method and the claimed uncertainties of the theoretical/experimental structure determination.  

The significance of these findings derives from the demonstrated ability to predict molecular 

structural parameters with very high accuracy. The availability of accurate structural para-

meters will transform the ability of molecular spectroscopists to interpret the complex rotational 

spectra of molecules. This ability, in turn, will enable a new era in the analysis of radio-

astronomical data and the understanding of the chemistry of interstellar space. 
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The relationship between spectroscopy and quantum chemistry can adopt puzzle solving («) 

or benchmarking () character. In benchmarking mode, the experimental side should make 

every effort to facilitate theoretical prediction, by reducing unnecessary complexity, removing 

thermal excitation and solvent embedding, addressing fundamental properties, etc. [1]. 

Furthermore, it is essential to secure the experimental findings by studying homologous series 

and by applying multi-messenger approaches [2]. 

The theoretical description of intermolecular interactions is comparatively mature. To push and 

challenge the best available computational methods in this field, experiment can go beyond 

small and harmonic systems, such that the nuclear dynamics treatment becomes non-standard 

and electronic structure treatments are not easily converged. After all, there may be effects such 

as many-body dispersion or chirality recognition which only emerge beyond a certain system 

size. On the other hand, it should be avoided that electronic structure theory can blame nuclear 

dynamics for failure and vice versa. Strategies to disentangle these two ingredients for a 

successful comparison of theory and experiment are also needed to avoid fortuitous and 

misleading error cancellation. 

The talk will focus on two non-covalen interaction topics which we currently use to benchmark 

quantum chemistry in the field of intermolecular interactions ï intermolecular energy balances 

[3] and subtle solvation shifts of OH stretching fundamentals [4]. Our experimental tool is linear 

vibrational spectroscopy in supersonic jet expansions [5].  
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Matrix Isolation Studies of Transition Metal and Main Group Fluorides  
 

Nigel A. Young, Ahmed K. Sakr, and Howard V. Snelling 
Chemistry, School of Mathematics and Physical Sciences, The University of Hull, Hull, HU6 7RX, UK 

Physics, School of Mathematics and Physical Sciences, The University of Hull, Hull, HU6 7RX, UK 

n.a.young@hull.ac.uk  
 

Our work involves the synthesis and characterisation of reactive species using matrix isolation 

techniques at cryogenic temperatures. In particular, we have been exploiting the ñone atom at a 

timeò approach to synthesis using the reaction between thermally evaporated metal atoms and 

fluorine molecules and atoms in argon matrices at 10 K [1]. In this talk, recent examples using 

this approach involving nickel and molybdenum fluorides will be presented, as well as some 

Lewis acid-base chemistry of SiF4. 

 
References 

 
1. A. V. Wilson, T. Nguyen, F. Brosi, X. Wang, L. Andrews, S. Riedel, A.J. Bridgeman and N.A. Young, 

Inorg. Chem., 55 (2016) 1108. 

 
Acknowledgements: The authors thank the University of Hull for funding. 

  

KL
5 



 

  

54 EUCMOS 2018  

 

 

Calculations of Spectra and Kinetics in the Context of Matrix  Isolation 
  

Igor Reva 
CQC, Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal 

reva@qui.uc.pt 
  

Nowadays, a chemist who does calculations is often primarily an experimentalist, which also 

reflects the background of the author. In the present communication we shall briefly describe 

the method of matrix isolation as a tool providing much valuable experimental spectroscopic 

information and opens doorway to studies of structure and reactivity of organic molecules.  

Over the past decades our capability to carry out quantum chemical calculations increased 

tremendously. At present, accurate calculations of geometries, relative energies, vibrational 

spectra, and other chemically relevant properties have become routine for molecules up to 

several tens of atoms, especially when using density functional theory (DFT) methods for 

closed-shell molecules. Exploration of the diversity of behavior of matrix-isolated compounds 

with interactive presentation of experimental and computational spectra within a journal article 

became almost a sine qua non for laboratory-based research. The few illustrative examples 

chosen here reflect the research interests of the author and will overview some publications with 

the emphasis on the respective computational parts. It will be shown that infrared spectra of 

matrix-isolated molecules can be reliably reproduced using computed vibrational spectra [1,2] 

and rationalized in terms of computed relative energies and torsional barriers [3-5]. For specific 

cases of molecules with flat potential energy surfaces [6] or with hypervalent atoms [7], the 

required calculations will be addressed. For studies of reactive intermediates, the importance of 

calculations on open-shell structures will be highlighted [8-10]. Further, evidence will be 

provided that matrix-isolated molecules need not be considered as preserved in aspic. They can 

be changed by external light (lamp, laser, or even a light source of the infrared spectrometer), 

or may decay spontaneously (by tunneling) [9-13]. The kinetic equations and models used for 

computation of tunneling rate constants will be discussed. Finally, anharmonic calculations of 

vibrational overtones (including their IR intensities), as aid in running of matrix-isolation 

spectroscopic experiments, will be presented [11-13]. 
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Investigation of Phase-Behavior of an Ionic L iquid at Sub-Zero 

Temperatures in the Presence of Additives 
 

Nikolay Kotov, A. Ġturcov§, V. Raus, A. Zhigunov and J. Dybal  
Institute of Macromolecular Chemistry, Czech Academy of Sciences, 

 Heyrovsky Sq. 2, 162 06, Prague, Czech Republic  

kotov@imc.cas.cz 
 

Ionic liquids (ILs) are salts composed of cations and anions, which often have very low to 

negligible vapour pressure, which allows their use as substitutes for volatile organic solvents. 

As the number of ion combinations in neat ILs is ca. 106, it allows researchers to apply a chosen 

combination of a cation and an anion that is suitable for the desired aim, which is why ILs are 

also called ñdesigner solventsò [1]. 1-butyl-3-methylimidazolium chloride (bmimCl) is a typical 

representative of imidazolium-based ILs, which has been studied intensively due to its ability 

to effectively dissolve cellulose [2]. The butyl chain of this IL was shown to adopt two 

conformations upon crystallization: antiïanti (AA) and gaucheïanti (GA), to which the bands 

at 730, 625 cmï1 and 701, 603, 500 cmï1 in Raman spectra of neat bmimCl were assigned, 

respectively [3,4]. Although both conformers exist simultaneously in amorphous bmimCl, when 

it crystallizes, either AA or GA conformation of the bmim+ cation prevails, which is related to 

orthorhombic or monoclinic crystal lattice of the IL [3].  

Since imidazolium-based ionic liquids are highly hygroscopic they must be handled under 

moisture-free conditions otherwise ILïwater interactions must be taken into account. 

Unfortunately, even careful drying of all components cannot be perfect. Therefore, traces of 

water remain in the system and the effect of this water content has to be understood. Many 

groups have already studied water-IL interactions at different concentrations, both 

computationally and by various experimental methods and concluded that added water can take 

several roles depending on its concentration. However, the concentration ranges in which added 

water acts differently are still assessed only very vaguely [5]. In the present work, neat bmimCl 

as well as mixtures based on this IL were studied by vibrational spectroscopic methods in 

conjunction with other techniques at laboratory and sub-zero temperatures. Various 

phenomena, such as crystal polymorphism and phase-separation were observed in the studied 

samples. They were dependent on contribution of capillary forces and the temperature history 

of the samples. Such information provides an insight into the process of crystallization of 

bmimCl as well as into its interactions with co-solvents and is also highly significant for use of 

ILs as solvent media, e.g. in polymer dissolution, blending and separations. 
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Phase Transition, Structure and Reorientational Dynamics of H2O Ligands 

and ReO4
- Anions in [Ba(H2O)4](ReO4)2 

 

Joanna HetmaŒczyka, Ğukasz HetmaŒczyka and Katarzyna GŃssowskaa  
a Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387, Kraków, Poland  

joanna.hetmanczyk@uj.edu.pl  
 

At room temperature tetraaquabarium perrhenate crystallizes in a monoclinic crystal system, 

within the space group P21/n, with four molecules in the unit cell. The following unit cell 

constants: a = 7.3703(5) Å, b = 12.4550(9) Å, c = 12.1611(9) Å, b = 90.040(2)° were determined 

by us. 

The polymorphism of the mentioned above compound was investigated by means of differential 

scanning calorimetry (DSC). One reversible phase transition has been found at: h

cT  = 275 K 

(on heating) and c

cT = 247 K (on cooling). The thermal hysteresis of the phase transition 

temperature Tc equal to ca. 28 K and the heat flow anomaly sharpness suggest that the detected 

phase transition is a first-order type.  

Using three complementary spectroscopy methods (IINS, IR and RS) all characteristic 

frequencies of the vibrations of H2O and ReO4
-
 were detected. The proton-weighted phonon 

density functions G(n) calculated in one phonon harmonic approximation from the time-of-

flight INS spectra in 5 K show some separate peaks characteristic for ordered phase. The density 

functional perturbation theory plane wave calculations of the normal modes within the periodic 

boundary conditions (CASTEP code [1,2]) were performed. We have obtained good 

agreement between calculated and experimental data (IR, RS and IINS spectra). 

The dynamic of H2O ligands and ReO4
ï anions, in the high-temperature and low temperature 

phases, was examined by band shape analyzes of the selected band in the infrared and Raman 

scattering spectra [3]. The temperature dependence of the bandwidth associated with d(H2O) 

mode, suggest that the ligands reorient fast (correlation time in the picosecond range) in both 

high and low temperature phases. The estimated mean value of activation energy for the 

reorientation of H2O ligands is: Ea(I/II) = 13.9 kJ·mol-1.  

The estimated mean activation energy values for the reorientation of ReO4
- anions is Ea(II) = 

3.1 kJ·mol-1 for the low temperature phase. In case of FT-IR and RS data we observed splitting 

as well as narrowing of same bands connected with H2O and ReO4
- vibrations in the vicinity of 

phase transition. 

The molecular dynamics of H2O ligands in [Ba(H2O)4](ReO4)2 were also investigated by 

inelastic/quasielastic incoherent neutron scattering (IINS/QENS) on NERA [4] time of flight  

spectrometer. The quasielastic peak registered in the high temperature phase (at 295 K) shows 

broadening, which is most probably connected with instantaneous stochastic jumps of protons 

in water molecules around the two-fold axis. The reorientational correlation time tR(H2O) is of 

an order of 10-11 s. 

 

References 

 
1. S. J. Clark, M. D. Segall, C. J. Pickard, P. J. Hasnip, M. J. Probert, K. Refson and M. C. Payne, Z. 

Kristallogr., 220 (2005) 567. 

2. K. Refson, S. J. Clark and P. R. Tulip, Phys. Rev. B, 73 (2006) 155114. 

3. C. Carabatos-Nédelec and P. Becker, J. Raman Spectrosc., 28 (1997) 663. 

4. I. Natkaniec, D. Chudoba, Ğ. HetmaŒczyk, V. Yu. Kazimirov, J. Krawczyk, I. L. Sashin and S. Zalewski, 

J. Phys.: Conference Series., 554 (2014) 012002. 

OC
13 



 

  

EUCMOS 2018 57 

 

Spectral Diagnostics of Hydrogen Bonds by 31P NMR Chemical Shifts 
 

I. S. Giba, V. V. Mulloyarova and P. M. Tolstoy  
St. Petersburg State University, Universitetskiy pr., 26, St. Petersburg, Russia, 198504 

johnsgiba@gmail.com 
 

Phosphorus-containing acids have POH and P=O groups and, thus, are able to participate in the 

formation of hydrogen bonds as a donor and as a proton acceptor [1]. Despite the fact that 

intermolecular complexes involving phosphorus-containing acids are often mentioned in the 

literature, information on the determination of the geometry of hydrogen bonds from 31P NMR 

spectra is fragmentary [2]. 

This work is devoted to the study of intermolecular complexes with hydrogen bond formed by 

phosphinic acids RR'POOH as proton donors and nitrogen-containing bases as proton 

acceptors. The complexes dissolved in a deuterated freonic mixture CDF3/CDF2Cl were studied 

by low-temperature 1H and 31P NMR spectroscopy, and also by quantum-chemical calculations 

at the B3LYP/6ï311++G(d,p) level of theory. 

The aim of the work was to interpret 1H and 31P NMR chemical shifts in terms of interatomic 

distances within the OHN hydrogen bond. The other goal was to study the additional factors 

influencing 31P NMR chemical shfits of POOH group (see Figure 1). 

 

 
Figure 1 ï Factors of 31P NMR chemical shift sensitivity for phosphinic acids. 

 

We show that 31P NMR chemical shift is determined not only by the position of the bridging 

proton in the OHN hydrogen bond, but also by additional interactions such as CHO hydrogen 

bond formed between the ortho-proton of the substituted pyridine and the P=O group, as well 

as the type of acid substituents and their internal degrees of freedom.  
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Beidellite Intercalates and their Characterization by Means of DFT Method 

 

Eva Scholtzováa, Luboġ Jankoviļa, Peter ĠkorŔaa and Daniel Tunegab 

a Institute of Inorganic Chemistry of Slovak Academy of Sciences, Dúbravská cesta 9,  
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b Institute for Soil Research, University of Natural Resources and Life Sciences, Peter-Jordan-Strasse 82,  

A-1190 Vienna, Austria,  

eva.scholtzova@savba.sk 

 

Organoclays are hybrid materials prepared by intercalation from clay minerals and 

organic cations, mostly of alkylammonium type. They are a subject of a great interest because 

they can have specific properties suitable for new technological applications, e.g. in a 

preparation of polymer-clay nanocomposites, as active sorbents, drug release retardation from 

biocomposite hydrogels, storage of radioactive waste, reinforcement of anti-microbial paper 

packaging improving its tensile strength, etc. In a recent time, closer attention is also paid to 

phosphonium-based organic cations that can be used to prepare organoclays with improved 

properties and higher stability than those prepared with the conventional alkylammonium 

cations [1,2]. 

In the present work we investigate structural properties and stability of beidellite (Bd) 

clay mineral intercalated with tetraethyl- (4P2), tetrabutyl- (4P4), tetrahexyl- (4P6), and 

tetraoctylphosphonium (4P8) cations by means of first principle methods based ond functional 

theory (DFT). The work is a part of the systematic study of the effect of 4PX cations (X= 2, 4, 

6 and 8) on physicochemical properties of the alkylphosphonium-beidelite organoclays. 

Beidellite is layered aluminosilicate clay with predominant Si/Al substitutions in tetrahedral 

sheets (differing from montmorillonite, in which substitutions are mainly in octahedral sheet). 

The different type of the substitutions affects a charge distribution in clay layers. In beidelite, 

the charges are better localized at the Si/Al sites in comparison to montmorillonite and it is 

expected that it can improve the stability of the beidellite-based organoclays [3].  

Preliminary results showed a good agreement of the predicted d001basal spacing (~14.5 Å) for 

the structures of the 4PX-Bd samples (X= 1-4) with the experimentally determined values of 

the prepared organoclay samples (~14.2 Å). Further, the planned ab initio molecular dynamics 

(AIMD) calculations will help in a detailed analysis of the experimental FTIR spectra of the 

4PX-Bd organoclays.   
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Exploring Photoinduced Bond Fissions in the Gas and Solution Phase  
 

M. N. R. Ashfold 
School of Chemistry, University of Bristol, Bristol, U.K. BS8 1TS 

Mike.ashfold@bristol.ac.uk 
 

Azoles, phenols, etc. are common chromophores in the nucleobases and the aromatic amino-

acids that dominate the near UV absorption spectra of many biological molecules. p*«p 

excitations are responsible for the strong UV absorptions, but such molecules also possess 

excited states formed from s*«p electron promotions. The ps* states generally have much 

smaller absorption cross-sections, but can have profound photophysical importance. This 

presentation will (i) summarise photofragment translational spectroscopy (PTS) experiments 

and complementary ab initio calculations used to explore ps* -state mediated bond fission 

processes following UV excitation of heteroaromatic molecules in the gas phase, (ii) describe 

ultrafast pump-probe experiments designed to explore the extent to which analogous processes 

occur in solution, (iii) show how such solution phase studies offer a means of exploring ps* -

state mediated ring-opening of heterocycles like thiophenes and pyrones and (iv) outline recent 

efforts to explore the dynamics of photoinduced ring-opening processes in the gas phase.  
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Spectroscopic Observation of Quantum Tunneling:  

Discoveries on the Potential Energy Surfaces of Phenylnitrenes 
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Quantum tunneling is a fascinating phenomenon that has important implications in organic, 

catalytic, biological and interstellar chemistry. Not only tunneling can have a profound 

influence on the chemical reaction rates, but it can also control the selectivity of chemical 

reactions. Recent results in this area are starting to reveal that tunneling is, in fact, more relevant 

to chemistry and biochemistry than previously recognized. 

The most impressive experimental evidence of quantum tunneling in chemical reactions is 

obtained using cryogenic temperatures. Indeed, under conditions of negligible thermal energy, 

the occurrence of any chemical reaction is, most probably, due to tunneling. If such 

transformation spans from seconds to tens of hours, then it can be directly observed and 

monitored using stationary spectroscopic methods (such as IR, UV-Vis, EPR, etc).  

Here, we will present direct spectroscopic observation of tunneling reactions on the potential 

energy surface of phenylnitrenes (Scheme 1). For instance, we discovered that triplet 

2-formylphenylnitrene 32, generated by photolysis of azide 1 in cryogenic matrices at 10 K, 

rearranges by hydrogen-atom tunneling to iminoketene 3 [1]. Moreover, benzazirine 4, 

generated by irradiation of 2-formylphenylnitrene 32, undergoes ring expansion by heavy-atom 

tunneling to cyclic ketenimine 5 [2]. Experimental and theoretical results providing support for 

the occurrence of different tunneling reactions will be discussed. 

 

 
Figure 1 ï Tunneling reactions under cryogenic conditions discovered on the potential energy surface of  

2-formyl phenylnitrene by direct spectroscopic observation. 
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Using Transient Spectroscopy to Understand Photosalient Behavior of 

Vinyl Azides Crystals 
 

Anna Gudmundsdottir 
University of Cincinnati, OH, USA 

annag@uc.edu 
 
The quest for sustainable chemistry is reinforcing interest in solid-state photochemistry as a 

sustainable tool for synthetical applications because organic crystals can be used to carry out 

photoreactions without solvents and most photoreactions can be initiated by sunlight or 

photocatalysts [1]. In particular, solid-state photoreactions are generally more regio- and 

stereoselective than their solution counterparts, because the rigid packing of molecules in the 

crystal lattice prevents significant rotation and diffusion [2]. In contrast, recent findings 

highlight that organic crystals can also be flexible and compression can make them bend, curl, 

hop, or twist when exposed to light or external pressure [3]. Thus, photosalient crystals can 

convert light into mechanical energy, and they have a potential role in the fabrication of 

mechanically tunable components for actuation, energy harvesting, flexible electronics, and 

switchable reflectors. In addition, such crystals can be used as sensors and probes.  

We have shown that photolysis of diene azide derivatives results in formation of triplet nitrenes 

and N2 gas. The release of N2 molecules from the crystal lattice is distinctive for each azide 

derivative. For example, some crystals tolerate a build-up of large N2 bubbles within the crystals 

before cracking, whereas others shatter fiercely upon exposure to light. The behavior of azide 

crystals and their solid-state reaction mechanisms will be discussed and correlated to the azide 

crystal packing arrangements. 
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Resonance Raman Spectra 
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Vibrational resonance Raman (RR) spectroscopy is a useful tool to provide information on 

structures and properties of molecular excited states [1]. Therefore, an accurate simulation of 

absorption and RR spectra, by quantum chemistry methods, can help in the interpretation of 

experimental data as well as in the design of new compounds for specific applications e.g. in 

dye-sensitized solar cells or as photocatalysts [2,3]. Moreover, the calculation of RR intensities 

and their comparison with experimental data offers an opportunity to assess the ability of 

standard quantum chemistry methods to predict excited state properties [4,5]. 

In this contribution, simplified sum-over-state expressions are presented to calculate RR 

intensities [6], which allow inclusion of Franck-Condon (FC) and Herzberg-Teller (HT) effects. 

The molecular properties are calculated with density functional theory and the different methods 

are applied to the molecules of trans-porphycene [7] and to a Ruthenium-Palladium 

supramolecular photocatalyst [3]. For both systems, HT effects are shown to have a significant 

impact on the RR intensities (Fig. 1) and it is concluded that such contributions should be 

included in the simulation of RR spectra. 

 

 
Figure 1 ï RR spectra of trans-porphycene. 
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Sum Frequency Generation Spectroscopy Studies of Temperature 

Dependent Naphthalene Dehydrogenation on Nickel (111)  
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Naphthalene and other higher hydrocarbons are molecules typically present in the product of 

biomass gasification. These molecules are considered a hindrance and need to be removed in 

order to use the gas product as an energy source. An elegant way to do this is by catalytically 

converting these molecules to syngas molecules such as CO and H2.[1] Nickel based catalysts 

are used commonly for the conversion of hydrocarbons and are considered a possible catalyst 

for biomass gasification [2].  

We combine sum frequency generation (SFG) spectroscopy with other techniques such as X-

ray photoelectron spectroscopy (XPS), scanning tunneling microscopy (STM) and temperature 

programmed desorption (TPD) to study the mechanisms of adsorption and temperature driven 

dehydrogenation of naphthalene on a nickel(111) single crystal surface.  

The naphthalene molecule in the monolayer adsorbs flat on the surface at room temperature and 

below as we have confirmed with STM before [3]. At sufficiently cold temperatures a 

multilayer is formed on top of the monolayer, where the molecules sit in an upright geometry, 

as has been observed for benzene on nickel(111) [4].  

Upon heating, the naphthalene decomposes and at about 380 K the production of hydrogen 

molecules due to dehydrogenation of the naphthalene begins. Based on our measurements we 

believe that at first two hydrogen atoms on one side of the naphthalene molecule break off 

which allows the molecule to adopt a tilted geometry. This interpretation is mainly supported 

by our SFG measurements, where a resonant signal appears around 3060 cm-1 at 380 K which 

closely resembles the multilayer resonance we see at much colder temperatures. However, since 

the multilayer desorbs already at 200 K, it is likely that we are observing the monolayer 

molecules adopting an upright position. The naphthalene continues to dehydrogenate until 680 

K where there is no more hydrogen production recorded with TPD and the SFG resonances are 

gone as well. Changes in the left-over carbon species on the surface are recorded up to 885 K 

using XPS, identifying both carbidic and graphitic carbon. 

 

References 

 
1. K. Engvall et al., Top. Catal., 54 (2011) 949.  

2. J. Rostrup-Nielsen and L. J. Christiansen, Concepts in Syngas manufacture. 2011, Singapore, United States: 

World Scientific Publishing Company. 

3. M. Ghadami Yazdi, et al., J. Phys. Chem. C, 121 (2017) 22199. 

4. H. P. Steinrück, et al., Surf. Sci., 218 (1989) 293. 

  

OC
17 



 

  

64 EUCMOS 2018  

 

 

Assignment of the Electronic Transition of Phenothiazine Radical Cation in 

the Visible Region ï A Resonance Raman Spectroscopy and Theoretical 

Calculation Investigation 
 

Lucia Kiyomi Noda and Norberto Sanches Gonçalves  
Rua Prof. Artur Riedel, 275 ï Jd. Eldorado ï CEP 09972-270 ï Diadema ï SP, Brazil 

lucia.noda@unifesp.br 

 

Phenothiazine (PTZ) derivatives represent an important class of molecules [1], being studied in 

a number of fields of chemical and pharmaceutical research, primarily because of the biological 

activity of these substances and because of its application in solar energy transformation [2]. 

The interesting chemical and biological properties of PTZs are considered to relate to their 

relative stable radical cations, whose formation and reactivity have been extensively studied 

[3]. The most intense electronic transition of PTZ radical cation in the visible region is located 

at ca. 500 nm. Hester et al. had performed a resonance Raman investigation of PTZ radical 

cation in aqueous solution in the contour of this band and observed enhancement of several 

Raman bands, but the most enhanced one was found at 476 cm-1, tentatively assigned to a C-N-

C deformation mode [4].  
In the present work we had performed a theoretical calculation of the structure, the vibrational 

frequencies and the electronic spectrum of the PTZ radical cation, with DFT-B3LYP/6-

31G(d,p) and TD-DFT. In the ground state PTZ radical cation is planar, in contrast to the folded 

structure of the PTZ molecule. The Raman band at 476 cm-1 was assigned to a C-S-C bending 

mode. The reason for the preferential enhancement of the C-S-C vibrational mode was 

investigated using TD-DFT, in order to obtain the molecular orbitals involved in the electronic 

transition at ca. 500 nm. The molecular orbitals involved in the electronic transition are depicted 

below, together with the phenothiazine structure: 
 

              
                                                       MO 1                MO 2                   MO 3 

Figure 1 ï Phenothiazine structure and molecular orbitals involved in the electronic transition. 

 

The TD-DFT calculations show that the electronic transition at ca. 500 nm is from MO 1 and 

MO 2, both double occupied molecular orbitals, localized at the aromatic rings and goes toward 

MO 3, a single occupied molecular orbital. As can be seen, MO 3 has contributions of S and N 

atomic orbitals, but with predominance of S atomic orbitals, which are absent in MO 1 and MO 

2. The predominace of S atomic orbitals in MO 3 explain the prefential resonance Raman 

enhancement of a C-S-C vibrational mode. The particular enhancement of C-S-C deformation 

mode is explained considering that in the excited state, originated from this electronic transition, 

the PTZ radical cation undergoes folding around the N-S axes, with decreasing C-S-C angle, as 

revealed by TDDFT results.  
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Recently it has become evident that low-temperature matrix isolation technique combined with 

narrow-band light sources is a powerful tool to study properties and reactivity of chemical 

entities [1]. This approach has been very successful to provide the first unequivocal production 

and IR assignment of the higher energy form of formic acid, i.e. cis-HCOOH [2]. Encouraged 

by the success stories with small carboxylic acids [3], it has been demonstrated that selective 

light-induced conformational changes can be induced besides molecules also in hydrogen-

bonded complexes [4,5]. This has led to a plethora of studies where higher-energy and less 

favourable chemical species can be easily made and studied.  

In the last decade the selective light-induced chemistry has been extended beyond fundamental 

and first overtone vibrational excitations, i.e. applying visible light photons instead of IR 

photons to obtain vibrationally locally hot species [6]. Such experiments allow to study 

processes connected with molecules and complexes where high excess of energy is present [7-

12]. Again, the low-temperature matrix isolation teachique helps to distinguish various 

isomerization and decomposition processes and products, and enable to gain insight of the 

chemistry involved in the studied chemical entities.  

In this talk, selective light-induced process studies in low-temperature matrices is reviewed, and 

possibilities for further studies and applications are discussed.  
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Microwave spectroscopy of weakly bound complexes formed in a molecular beam has helped 

enormously in fundamental understanding of intermolecular interaction/bonding. However, 

starting with the first direct observation of a óhydroegn bondô in HF dimer by Klemperer, 

microwave spectroscopists had to deal with large amplitude motions in these weakly bound 

complexes [1]. The HF dimer exhibited donor-acceptor interchange tunnelling that would break 

the óhydrogen bondô raising a question about whether HF dimer is óhydrogen bondedô. Goswami 

and Arunan proposed a criterion for hydrogen bond in such situations suggesting that there be 

at least one bound level below the barrier for any large amplitude motion which can break the 

óintermolecular bondô [2]. In this talk, we will discuss recent results from our laboratory on 

three weakly bound complexes namely Ar-(H2O)2, (H2S)2 and CH3CN-CO2.  

 

For Ar-(H2O)2, we have assigned A1 and B1 states recently which are shifted by more than 4 

GHz from the E1 state which is unaffected by tunnelling. Due to the symmetry rules, transitions 

from A1 state appears below the E1 state and B1 state appears above the E1 state and these could 

not be assigned earlier [3]. For (H2S)2, only K=0 lines were observed until recently and the 

implied structure would be that of two spheres i.e H2S is spherical [4].  We have recently 

measured the K=1 transitions which are essential in proving that the dimer is hydrogen bonded 

[5]. The energy level splitting in H2S dimer do not seem to correlate with those of (H2O)2. While 

in these two cases, the tunnelling motions could break the intermolecular bond, the third case 

of CH3CN-CO2 has free internal rotation of the methyl rotor. This does not affect the 

intermolecular ócarbon bondô6 between N of CH3CN and C of CO2 in a T-shaped geometry. 

Symmetry restrictions from this free rotor forbid the m=0, K=1 states and so only K=0 

transitions have been assigned. Moreover, rotational transitions from a óp stacked structureô 

have been found as well. This talk will summarize the recent results on these three complexes. 
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Up to date, over 190 molecules have been unambiguously identified in the interstellar medium 

due to the ongoing astronomical observations complemented with elaborated laboratory studies. 

Many of these molecules are organic containing abundant interstellar elements H, C, N, and O 

and are found especially in the hot cores, i.e. in the regions of prolific star formation with 

temperatures higher than 100 K through the interpretation of molecular line surveys at 

millimeter and submillimeter wavelengths. The identification of specific species requires direct 

comparison of the particular frequencies observed in interstellar space with spectroscopic 

measurements of known species in a laboratory experiment. The vast amount of data generated 

by the ALMA motivates laboratory spectroscopists to record and analyze rotational spectra of 

potential interstellar molecules and to fulfill the first requirement for an unequivocal 

identification of new molecules in space, i.e. the availability of transition frequencies with high 

accuracy from microwave to sub-millimeter wave range. A general procedure is being used at 

Valladolid [1-3] combining different time and/or frequency domain spectroscopic tools of 

varying importance for providing the precise set of spectroscopic constants that could be used 

to search for this species in the ISM. This is illustrated in the present contribution through its 

application to several significant examples [4-7]. 
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The rules that govern aggregation at the molecular level are loosely established. Molecular 

recognition is mediated via a delicate balance between the prevailing intermolecular 

interactions at play, hydrogen bonding and dispersion interactions. Using high resolution 

broadband rotational spectroscopy and supersonic jets, an emerging trend is set to unravel these 

basic yet key non-covalent interactions using a bottom-up approach. The highly resolved 

rotational spectrum of a supersonically-cooled molecular beam provides an unrivalled 

molecular fingerprint that we use to solve conformational hetereogeneities [1] and also the 

chirality [2] of increasingly larger and more complex molecular systems. Ongoing studies 

including chiral dimer topologies, non-planar polycyclic aromatic hydrocarbons and molecular 

rotary motors [3] will be presented. A preview of a new proof-of-concept experiment for 

quantum-state-specific enantiomeric enrichment using tailored microwave fields will be 

showcased and discussed [4]. 
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We are building a cryogenic buffer gas source of cold polyatomic molecules, which will be 

used in experiments testing fundamental physics. The source consists of a copper cell mounted 

on the 4 K stage of a cryo-cooler, through which cryogenically cooled 4 K helium is flowed at 

a rate of around 2 sccm. We inject a vapour of polyatomic molecules into the cell through a 

room temperature tube. Collisions with the He cools the molecules to the same temperature as 

the cell. 

During the development of this source we are using 1,3,5-trioxane, a solid with a high vapour 

pressure at room temperature. We probe the buffer gas cooling by performing wavelength 

modulation (WM) spectroscopy inside the cell. We drive vibration-rotation transitions close to 

Q-branch origin of the v5 vibrational fundamental band, using 10.2 µm radiation from a 

quantum cascade laser. 

I will present WM spectroscopy data, including recent sub-Doppler spectra that exhibit large 

Lamb dips, from which we can infer information about collision rates inside the cell. I will 

discuss our plans for the sensitive detection of a beam of cold, polyatomic molecules using 

cavity-enhanced absorption spectroscopy. 

 

 
Figure 1 ï Upper: WM spectrum of cryogenically cooled trioxane. Lower: calculated stick spectrum.  
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IR spectroscopy is one of the most frequently used experimental methods for exploring the 

conformational landscape of small and medium-sized biomolecules. While NMR spectroscopy 

very often provides time-averaged structures for these molecular systems, the IR spectrum is a 

composition of the spectra of individual conformers. Most conveniently, IR spectroscopic 

investigations on peptides are carried out in solutions using Fourier-transform IR spectrometers. 

Although this method is simple and well-tried, it has serious limitations. Since the spectral 

bands of solvated peptides are usually broad, this method allows the observation of the few 

most abundant conformers only. Another limitation is that similar conformers cannot be easily 

distinguished because the theoretical prediction of vibrational spectra, especially in the solution 

phase, has larger uncertainty than the difference in the experimental spectra of these 

conformers. 

In order to avoid the above-mentioned problems and obtain better resolution, one can study the 

spectra of the free molecules in the gas phase. Among the gas-phase methods, jet-cooled 

microwave (MW) and laser spectroscopic (e.g., resonance-enhanced multiphoton ionization 

(REMPI)) methods are found to be the most powerful techniques for conformational studies of 

neutral peptides. Another possibility for improving the resolution is recording the IR spectra of 

molecules isolated in low-temperature noble gas matrices. When matrix-isolation IR (MI-IR) 

spectroscopy is combined with selective NIR laser irradiation, similarly to double resonance 

methods, spectra of individual conformers can be detected. Both gas-phase and the MI-IR 

methods have the further advantage that for spectral analysis quantum chemical computations 

can be carried out in vacuo, without using more time demanding and less accurate computations 

that account for the solvent effects. 

In the case of chiral molecules, such as most peptides, vibrational circular dichroism (VCD) 

spectroscopy can support the analysis of IR spectra. This is because the sign and the intensity 

of VCD bands are very sensitive not only to the configuration but also to the conformation. The 

simultaneous application of MI-IR and MI-VCD spectroscopy has turned out to be an extremely 

useful method in the structural studies of flexible chiral molecules. 

In my talk I will show examples how the combination of the above-mentioned methods and 

some others can be applied to explore the conformational potential energy surface of 

biomolecules. I will summarize the advantages and the limitations of our methods. Finally, I 

will mention some further ideas that we plan to test in the future in order to extend the 

applicability of these techniques towards more complicated molecular systems. 
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Several questions are usually addressed: which is the preferred binding site, which type of 

interactions are established, whether any conformational change takes place in the monomers 

upon complexation. Another important question is what are the driving forces of the interactions 

and how they can be influenced. The nature and driving forces of intermolecular interactions in 

non-covalently bound molecular complexes can be studied to a very high degree of accuracy 

by pulsed-jet microwave spectroscopy [1]. From the detailed structural and dynamical data that 

can be obtained, the site and geometry of the interaction and information on the binding energy 

can be inferred without ambiguity. 

So, answers to these questions allow insight into the molecular interaction process at the 

molecular level, bridging the gap between gas-phase and bulk properties. 

Some chosen examples of published [2] and unpublished results of complexes of medium-size 

organic molecules with different partners formed in a supersonic expansion and characterized 

by rotational spectroscopy will be discussed. The partner molecules are held together by 

hydrogen bonds, weak hydrogen bonds and lone-pair-p-hole interactions. 

It will be shown how non-covalent interactions compete to shape the conformational space of 

the complexes and which are the structural changes caused in the monomers upon 

complexation. It will be also shown how these interactions can be drastically changed through 

substitution (in particular substitution halogen atoms) of atoms or functional group, in this way 

achieving an effective tuning of the interactions themselves. 

 

 
Figure 1 ï Examples of molecular complexes studied by microwave spectroscopy. 
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In addition to DNA/RNA and amino acids (proteins), flavins are an important class of 

biomolecules. Flavins (Fl) are derived from the 7,8-dimethyl-10-alkylisoalloxazine 

chromophore, and differ by their substituent R at the N10 position. The most important 

examples of the flavin family are lumichrome (LC, R=H), lumiflavin (LF, R=CH3), riboflavin 

(RF, vitamin B2, R=ribityl), flavin mononucleotide (FMN, co-enzyme), and flavin adenosine 

dinucleotide (FAD, flavo-protein). Their diverse photochemical properties arising from the LC 

chromophore make them of fundamental importance for many biological systems and 

phenomena. Their relevance was acknowledged by the Nobel Prize in Chemistry awarded to 

Paul Karrer in 1937 for his work on flavins and vitamins. Flavins absorb in a wide spectral 

range from the optical to the UV region, and their optical and photochemical properties vary 

sensitively with their oxidation, protonation, metalation, and solvation state. Despite their 

importance, prior to our work, flavins have not been characterized in the gas phase to determine 

their intrinsic properties. To this end, we systematically characterized the geometric structure 

of protonated and metalated flavins (X+Fl with X=H, Li-Cs, Cu-Au) by IRMPD spectroscopy 

at room temperature in a FT-ICR mass spectrometer coupled to the IR free electron laser FELIX 

[1-3]. Comparison of the IRMPD spectra recorded in the fingerprint range with DFT 

calculations allows for establishing the preferred protonation and metalation sites, the 

interaction strength, and the type of bonding (electrotstatic, covalent). In a second step, we 

utilized a recently commissioned cryogenic ion trap spectrometer (BerlinTrap) [4] to record 

first optical spectra of H+Fl and M+Fl at low temperature (T=20 K) to probe their complex 

electronic structure arising from the rich manifold of excited states with pp* and np* character 

[4,5]. The analysis of these high-resolution vibronic spectra is accomplished by TD-DFT 

calculations coupled to Franck-Condon simulations, providing detailed insight into the excited 

state properties (e.g., structure, vibrations, lifetime, spectral shifts upon protonation and 

metalation, energy and nature of electronic state, metal binding energy). The results confirm 

that protonation and metalation have indeed a drastic impact on the photochemical properties 

of these simple flavins. 
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So far, several groups around the world have studied and reported very interesting molecular 

systems in the topics of either vibrationally resolved or rotationally resolved spectroscopy in a 

supersonic beam. Different spectral results have been reported such as benzene derivatives [1], 

indole derivatives [2], polycyclic aromatic molecules [3], etc. mainly focusing on Fluorescence 

measurements in the gas phase. The technique has been exploited for the discrimination of 

different conformers in the jet [4], tunneling effects from vibrational motions [3], internal 

rotation of attached groups to the chromophore [5], formation of clusters in the jet [6], to 

mention just a few. 

However, in terms of Phosphorescence spectroscopy, some ketones; such as p-benzoquinone 

[7], xanthone [8], and anthraquinone [9] have been studied so far at ñlowò resolution, either in 

the gas or the condensed phase. Also, some other studies have been performed on different 

molecular systems, such as pyrazine [10], dibenzofuran [11], and dibenzothiophene [12], where 

it has been revealed the existence of Intersystem Crossing dynamics upon electronic excitation 

of them. 

In the talk, it will be discussed, how we plan to develop a technique able to get the high 

resolution phosphoresce spectra and the corresponding spectral analyses of these molecular 

systems in the gas phase. 

 

References. 

 
1. J. W. Ribblett, W. E. Sinclair, D. R. Borst, J. T. Yi, and D. W. Pratt, J. Phys. Chem., 110A (2006) 1478. 

2. C. Kang, J. T. Yi, and D. W. Pratt, Chem. Phys. Lett., 423 (2006) 7.  

3. L. Alvarez-Valtierra and D. W. Pratt, J. Chem. Phys., 126 (2007) 224308. 

4. M. Schneider, M. Wilke, M. Hebestreit, J. A. Ruiz-Santoyo, L. Alvarez-Valtierra, J. T. Yi, W. Leo Meerts, 

D. W. Pratt and M. Schmitt, Phys. Chem. Chem. Phys. 19 (2017) 21364. 

5. J. A. Ruiz-Santoyo, J. Wilke, M. Wilke, J. T. Yi, D. W. Pratt, M. Schmitt, and L. Alvarez-Valtierra, J. 

Chem. Phys. 144 (2016) 044303. 

6. L. Alvarez-Valtierra, D. F. Plusquellic, and D. W. Pratt, J. Phys. Chem. 115A (2011) 9557. 

7. I. Suzuka, M. Sanekata, M. Ito, and N. Ohta, Laser Chem. 14 (1994) 143. 

8. E. A. Gastilovich, V. G. Klimenko, R. N. Nurmukhametov and S. A. Serov, Chem. Phys. 292 (2003) 81. 

9. T. Narisawa, M. Sano and Y. J. I´haya, Chem. Lett. XX (1975) 1289. 

10. K. W. Holtzclaw, L. H. Spangler, and D. W. Pratt, Chem. Phys. Lett. 161 (1989) 347. 

11. J. T. Yi, L. Alvarez-Valtierra, and D. W. Pratt, J. Chem. Phys. 124 (2006) 244302. 

12. L. Alvarez-Valtierra, J. T. Yi, and D. W. Pratt, J. Phys. Chem. 113A (2009) 2261. 

 
Acknowledgements: The authors thank the financial support granted by the bilateral project DFG-

CONACYT 277871, to perform and develop such experiments. 

  

KL
15 

https://pubs.acs.org/author/Ribblett%2C+J+W
https://pubs.acs.org/author/Sinclair%2C+W+E
https://pubs.acs.org/author/Borst%2C+D+R
https://pubs.acs.org/author/Yi%2C+J+T
https://pubs.acs.org/author/Pratt%2C+D+W


 

  

74 EUCMOS 2018  

 

 

Dipole Moments of Anisole in Ground and Excited State via Condensed 

Phase Thermochromic Spectroscopy and Gas Phase HRLIF Spectroscopy  
 

Mirko Lindic, Michael Schneider, Marie-Luise Hebestreit and Michael Schmitt  
Heinrich-Heine-Universität, Physikalische Chemie 1, Universitätsstraße 1, 40225 Düsseldorf, Germany 

Mirko.Lindic@hhu.de 

 

The dipole moment of anisole in ground and first excited singlet states was investigated and 

compared for the gas and the condensed phase. The dipole moments in solution have been 

determined using the method of thermochromic shifts of the fluorescence emission and 

absorption spectra. To test the validity of the method the simple model molecule anisole was 

measured with temperature dependent UV/Vis-absorption and fluorescence spectroscopy. 

Contrary to previous studies, the solvent cavity volume was determined experimentally via 

concentration dependent density measurements. To create exact values for comparison with 

those from the condensed phase high resolution laser induced fluorescence Stark spectra have 

been measured in order to reliably determine the excited state dipole moments for a direct 

comparison. A critical survey about the method will be given. 

 

 
Figure 1 
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Excited State Dipole Moments from High Resolution Spectroscopy 
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Rotationally resolved electronic Stark spectroscopy is a versatile tool for the accurate 

determination of rotational constants (i.e., the geometries) of molecules in both electronic states, 

connected by the electronic transition, centrifugal distortion constants (i.e. the force field of the 

molecule), barriers to hindered internal motions, transition dipole moments (i.e. the electronic 

nature of the excited state), and the permanent dipole moments of both states connected by the 

electronic transition. The latter provide an easy access to the electronic nature of the state under 

investigation, because they differ in size and in direction for different electronic states. The 

most reliable values for dipole moments of ground and electronically excited states are obtained 

from gas phase electronic Stark experiments, since the dependence of the frequency shift of 

individual rovibronic lines from the electric field strength yields immediately the dipole 

moment in ground and excited state. Moreover, not only the absolute value of the total dipole 

moment can be determined, but also the unsigned Cartesian components of the dipole moment 

in both electronic states. 

The use of genetic algorithms (GA) and evolutionary strategies (ES), which we advanced in the 

last years, greatly improved the possibility to fit and simulate also very congested and 

overlapping spectra. We extended the existing experiment in order to measure electronic Stark 

spectra using different geometrical set-ups with different selection rules. The resulting spectra 

with parallel and perpendicular selection rules at different electric field strengths are fitted at 

the same time using evolutionary strategies, improving the accuracy by about one order of 

magnitude. In this presentation, we will critically discuss the limits for the method, as well as 

the future aspects, which keep alive this fascinating facet of molecular spectroscopy. 

A variation of the thermochromic effect will be presented, which is able to yield dipole moment 

changes upon electronic excitation of molecules in solution that are largely independent of the 

solvent used to close the gap between gas phase dipole moment changes and those obtained in 

solutions.  
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Since early last century, abundant research has addressed the link between sweetness and the 

structure of sweeteners. None of these theories has been able to offer a unified explanation 

regarding the sweetness-structure relation until Shallenberger and Acreeôs proposal [1,2]. They 

observed that the sweetness depends on the strength of two H-bonds by which the sweetener is 

bound to the sweet receptor. They established that one of the two electronegative atoms might 

act as a proton donor (AH) in the hydrogen bond interaction and the other as acceptor (B). These 

two groups form what is called the glucophore, which refers to the part of the sweetener that 

interacts with the sweet receptor. Gas phase studies of diverse artificial sweetners, concretely 

saccharine and several sugar alcohols (sorbitol, dulcitol, mannitol, erythritol, etc.) have been 

carried out by means of broadband [3] and narrow-band [4] microwave spectroscopy techniques 

in combination with a laser ablation technique for vaporize the sample. The structural 

characterization in isolation conditions of these molecules gives us valuable information to 

contrast with the postulated theories about the sweet taste, deepening in the origin of the sweet 

properties of certain molecules.  
 

 
Figure 1 ï Glucophore structure and its interaction with the receptor site 
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In this work, we study the transition S1ŶS0 of the 3-cyanoindole (3CI) and some of its Van der 

Waals clusters with water, 3CI-(H2O)n (n = 1 and 2), through the experimental technique of 

high resolution (rotational) electronic spectroscopy in the gas phase (HRLIF). 

Computational calculations were used as the first approximation of the rotational constants 

values for ground and first excited state, in order to fit the experimental spectrum obtained. 

These calculations were made following the DFT method using a consistent correlation 

numerical basis (cc-pVTZ). 

The technique of spectral analysis based on Genetic Algorithms is an excellent computational 

tool to solve the experimental rotational spectra, which allows a fully automated adjustment, 

considerably reducing the computational fitting time assigning the rovibronic lines. 

The data obtained from the spectra indicate the existence of a single conformer of 3CI-(H2O)1 

[1] and two conformers [2] of 3CI-(H2O)2 each, in the molecular jet, respectively. Assignments 

to different transitions in the spectra of the clusters were made based on a Franck-Condon 

analysis of the electronic spectrum at vibrational resolution. The understanding of 

reorganization processes in a molecular level is key in the determination of dipolar moments in 

condesed phase. 

The structural information of the molecule and its clusters are widely discussed from the 

information extracted from the experimental spectra. 

 

 
Figure 1 ï Comparison between UVHB spectrum reported by Min et al. [2] and HRLIF spectrum obtained for 

3CI. 
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Spectroscopy is the tool to unravel the chemistry of the heavens. High resolution gas phase 

studies have resulted in the identification of more than 200 different molecules in space. More 

recently, also frozen molecules, typically molecular ices situated on cold dust grains have been 

investigated. Astronomical observations show that ices in space consist mainly of water with 

large contributions from CO, CO2, CH3OH, NH3 and other species. This has resulted in a new 

research field ï solid state astrochemistry ï in which the formation of many of the observed gas 

phase species can be linked to surface processes.  

This talk will summarize our spectroscopic knowledge of ice in space, information that is very 

valuable, particularly as the James Webb Space Telescope will allow new and detailed views 

on the Icy Universe. The talk also will show how spectroscopy can be used to monitor molecule 

formation in the solid state under interstellar conditions. A special focus will be on the formation 

of water and so called COMs, complex organic molecules that are considered the building 

blocks of life. In Figure 1 a reaction scheme based on radical surface diffusion is shown that 

relates the hydrogenation of CO-ice to the formation of larger species already detected in space, 

such as glycolaldehyde and ethylene glycol, and possibly larger molecules, like glyceraldehyde 

and glycerol.  
 

 
Figure 1. Non-energetic solid state formation scheme of glycol aldehyde and ethyleneglycol upon CO 

hydrogenation as expected for dark cloud condition (taken from [1]). See also [2-4]. 
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Polymeric or partially crystalline materials consisting of s-triazine or heptazine (tri-s-triazine) 

units connected by imide groups or nitrogen atoms and collectively referred to as graphitic 

carbon nitrides (g-C3N4) have received enormous attention since the discovery of their 

photocatalytic activity for hydrogen evolution with visible light [1] The mechanism of the 

photoinduced water-splitting reaction catalyzed by g-C3N4 is generally discussed in terms of 

the band structure of the amorphous or crystalline materials and the mobility of photoinduced 

electrons and holes which are supposed to eventually drive the reduction of protons and the 

oxidation of water, respectively. However, the fundamental mechanistic principles of the 

photoinduced reaction and the catalytic cycle are currently not well understood.  

In this contribution, I provide first-principles computational evidence that water splitting with 

heptazine-based materials [2], as well as with other azines [3,4] and TiO-porphyrines [5,6] is a 

molecular photochemical process taking place in hydrogen-bonded chromophore-water 

complexes. The water splitting occurs homolytically via an electronically driven nonadiabatic 

proton-transfer reaction from water to chromophore, resulting in ground-state hydrogenated 

molecular radicals and OH radicals. The excess hydrogen atom of the hypervalent molecular 

radical can be photodetached by a second photon, which regenerates the catalyst, or the long-

lived hydrogenated radicals can recombine to yield H2 in a dark reaction when a suitable 

catalyzer (colloidal platin) is present. The OH radicals produced in the reaction can be 

recombined to H2O2 with suitable catalyzers (carbon or metal-oxide nano dots). 

 

References 

 
1.  X. Wang, K. Maeda, A. Thomas, K. Takanabe, G. Xin, J. M. Carlsson, K. Domen and M. Antonietti, Nature 

Mater., 8 (2009) 76. 

2.  J. Ehrmaier, T. N. V. Karsili, A. L. Sobolewski andW. Domcke, J. Phys. Chem. A, 121 (2017) 4754. 

3.  X. Liu, A. L. Sobolewski, R. Borrelli and W. Domcke, Phys. Chem. Chem. Phys., 15 (2013) 5957. 

4.  X. Liu, T. N. V. Karsili, A. L. Sobolewski and W. Domcke, Chem. Phys., 464 (2016) 78. 

5.  O. Morawski, K. Izdebska, E. Karpiuk, A. Suchocki, Y. Zhydachevskii and A. L. Sobolewski, Phys. Chem. 

Chem. Phys., 16 (2014) 15256. 

6.  O. Morawski, K. Izdebska, E. Karpiuk, A. Suchocki, Y. Zhydachevskii and A. L. Sobolewski, J. Phys. 

Chem. C, 119 (2015) 1408. 

 

  

KL
18 



 

  

EUCMOS 2018 83 

 

Ordinary Chondrites: What Can We Learn Using Mössbauer 

Spectroscopy?  
 

A. A. Maksimova and M. I. Oshtrakh  
Department of Experimental Physics, Institute of Physics and Technology, Ural Federal University,  

Ekaterinburg, 620002, Russian Federation 

oshtrakh@gmail.com 
 

Study of extraterrestrial matter is very important due to a number of reasons, such as (i) analysis 

of Solar system evolution, (ii) investigation of the extreme conditions on minerals formation, 

(iii) analysis of thermal history of matter, (iv) investigation of structural and chemical variations 

of extraterrestrial minerals in space, etc. The main space messengers reached Earth are various 

meteorites which can be classified in several groups related to their origin and chemical 

composition. There are iron, stony-iron, and stony meteorites. All meteorites contain iron-

bearing minerals. Therefore, 57Fe Mössbauer spectroscopy is a useful tool for the study of 

extraterrestrial materials with very complex composition. In the present work, we will consider 

investigations of various ordinary chondrites which are a part of stony meteorites 

(undifferentiated meteorites in the modern classification [1]) and can be considered as Solar 

system peers. Ordinary chondrites consist of various iron-bearing minerals such as olivine (Fe, 

Mg)2SiO4, orthopyroxene (Fe, Mg)SiO3, clinopyroxene (Fe, Ca, Mg)SiO3, troilite FeS, a-, a2- 

and g-phases of Fe-Ni-Co alloy, chromite FeCr2O4, etc., as well as their weathering products. 

All ordinary chondrites were divided into three groups H, L and LL related to the total iron 

content and metallic iron alloy content: H (high total iron), L (low total iron) and LL (low total 

iron and low metallic iron). In spite of a complex composition of ordinary chondrites with 

different phases in magnetic and paramagnetic states as well as ferrous and ferric compounds, 
57Fe Mössbauer spectroscopy was successfully applied for their investigation more than 55 

years (the first review on the study of stony meteorites was published in 1964 [2]). Development 

of Mössbauer spectroscopy with a high velocity resolution increased possibilities of technique 

in a better quality investigation of meteorites and new results obtaining [3, 4]. Using Mössbauer 

spectroscopy it was possible to identify the main iron-bearing minerals of ordinary chondrites 

and their relative composition, the processes of their weathering with estimation of their 

terrestrial age, the distribution of Fe2+ and Mg2+ cations in silicate minerals, an analysis of the 

thermal history of silicates, systematics of ordinary chondrites from H, L and LL groups using 

Mössbauer parameters. These results are considered in comparison with some other 

complimentary techniques such as optical and scanning electron microscopy, X-ray diffraction, 

etc. 
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Ferritin molecules are responsible for iron storage in various living systems with a further iron 

release for organismôs needs. Ferritin consists of a spherical multi-protein shell with nano-sized 

iron core inside the protein hollow. The iron core is in the form of ferrihydrite (5Fe2O3³9H2O) 

with inorganic phosphates. Ferritin analogues such as iron-polysaccharide complexes appeared 

to be good medicaments for treatment of iron deficiency anemia. Ferrifol® (CTS Chemical 

Industries Ltd., Israel) is one out of various commercial pharmaceutical products which are 

manufactured for this purpose. The structure of Ferrifol® molecule represents a polymaltose 

shell surrounding nano-sized iron core being in the form of akaganéite (b-FeOOH). We report 

here the characterization of the iron core in Ferrifol® by Mössbauer spectroscopy and 

magnetization studies. 

Mössbauer measurements were performed using: (i) a Mössbauer spectrometer with a high 

velocity resolution (registration in 4096 channels) in the temperature range from 295 to 90 K 

and (ii) a Mössbauer spectrometer with a lower velocity resolution (registration of two mirror 

spectra in 512 channels before folding) in the temperature range from 60 to 20 K. Magnetization 

measurements were performed using a Quantum Design superconducting quantum interference 

device (SQUID) magnetometer in the temperature range 300ï4 K. 

Mössbauer spectroscopy demonstrated that the iron core was in the paramagnetic state down to 

60 K. A slow decrease of magnetic relaxation represented by magnetically split components 

(sextets) appears in the spectra at 40 and 20 K. At the temperature range 295ï90 K the 

Mössbauer spectra of Ferrifol® demonstrated non-Lorentzian two-peak spectra which were 

better fitted using a superposition of 5 different quadrupole doublets with similar isomer shifts. 

An unusual line broadening was also observed in this temperature range. Magnetization 

measurements showed that the blocking temperature is at ~33 K and the Ferrifol® iron core is 

mainly in the paramagnetic state. These results are in agreement with previous data obtained 

for ferritin and some other iron-polymaltose analogues [1,2]. The observed complex character 

of the Mössbauer spectra of Ferrifol® and the temperature dependent variations of Mössbauer 

parameters were interpreted as a result of the different 57Fe local micro-environments in the 

corresponding iron core layers/regions and their low temperature structural re-arrangements.  
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Light provides one of most important ways to obtain insight on matter ï from single molecules 

to ourselves, the surroundings and evenly deep space.  Spectroscopy is thus a very important 

and convenient analytical field for exploring and developing our knowledge about the universe, 

its composition and respective energetic states. 
Spectroscopy benefits from various characteristics that allow its use in Qualification and 

Quantification.  Environmental Quality control is a specially challenging task because each 

sample consists of a complex ensemble of several materials (typically organic), embedded in a 

specific inorganic matrix, each compound with specific spectroscopic characteristics.  In terms 

of analytical approaches, standard analytical procedures typically require different separation 

steps and subsequent quantification of each analyte of interest [1].  
Using various multivariate analytical methodologies we have developed the direct sample 

characterization of complex aquatic bodies, accessing different contributions of dissolved 

organic matter contributions in these aqueous environmental samples [2,3]. The first task is to 

determine the number of independent contributions. With this information we have obtained 

selective signal resolution in terms of sources (specific spectra) and contributions (related to the 

system composition). 
In this work we demonstrate the use of Excitation-Emission Fluorescence spectroscopy in the 

characterization of aquatic samples.  This approach has allowed us to a) identify the number of 

underlying contributions, b) estimate respective signal sources and c) respective contributions 

in terms of system composition [2,3]. 
The same strategy is now being applied to the non-invasive analysis of 1H-NMR signals for 

oncologic diagnosis based on biological fluids [4,5]. 
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In the concrete-based radioactive waste repositories established in underground salt mines, 

concentrated MgCl2- or NaCl-containing solutions are assumed to be formed by the incidental 

intrusion of water [1]. D-gluconate (Glucï), used as an additive for the formulation of 

cementitious materials [2], is considered as a potential ligand for the mobilization of actinide 

ions [3]. The complexation reaction between Glucï and radionuclides may be affected by the 

equilibria taking place between Mg2+ and Glucï ions, thus, quantitative description of the 

Mg2+/Glucï system is of particular interest. 

During this work, a potentiometric as well as 1H and 13C NMR spectroscopic studies were 

undertaken to reveal the speciation between Mg2+ and Glucï ions. The experiments were 

performed at 25 °C, 4 M ionic strength and in the pH range of 2ï12. In addition to the MgGluc+ 

species known from literature [4], the formation of the MgGlucOH0 and MgGluc(OH)2
ï 

complexes was observed. 1H and 13C NMR spectra indicated that the protons were displaced 

from the metal-coordinated water molecules rather than the hydroxy functions of gluconate. In 

this respect, the Mg(II) gluconate complexes differ markedly from the Ca(II) gluconate ones 

[5], for which pronounced 1H NMR peak broadening was detected as a result of metal-promoted 

ligand deprotonation. 

Unexpectedly, the titration data implied the presence of a trinuclear magnesium(II) complex 

with the formula of Mg3Gluc2(OH)4. Additionally, its formation was corroborated by the 

variations of the 1H and 13C NMR chemical shifts observed on the pH-dependent spectra. More 

importantly, this species appears to be the ligand-stabilized form of Mg3(OH)4
2+, which was 

invoked in previous solubility studies; however, it is still considered as an uncertain complex 

due to experimental difficulties associated with its detection [6]. 

Concerning the waste repositories, our calculations suggest that the formation of these 

deprotonated complexes does not affect considerably the solubility of Mg(OH)2 under the 

concentrations prevailing in pore waters. 
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1-napthyl substituted Ŭ,Ŭ,Ŭ,Ŭ-tetraaryl-1,3-dioxolane-4,5-dimethanol (1nTADDOL, Fig. 1) is 

one of the most efficient diol-based asymmetric organo-catalysts and has been proven to 

provide excellent stereoselectivity for a wide range of chemical conversions, including e.g. the 

hetero-Diels-Alder reaction [1]. The hydrogen-bonding structure and dynamics of 1nTADDOL 

and its reactive intermediates formed with substrate molecules, which is at the heart of the 

catalytic activation due to 1nTADDOL, have however remained experimentally unverified at 

the molecular level. 

In this contribution, we present an investigation of the intramolecular structure of 1nTADDOL 

and its intermolecular interaction with substrate molecules to understand the origin of the 

stereoselectivity using a combination of IR, NMR and IR pump-probe spectroscopy. The 

presence of hydrogen-bonded OH groups (OH stretching vibration at ~3370 cm-1) and free OH 

groups (~3520 and 3670 cm-1) of 1nTADDOL in the infrared spectra can be explained by the 

formation of intramolecular hydrogen bonds (Fig. 2). Interestingly, the free OH vibrational 

mode is split into two different bands indicating the existence of distinctively different free OH 

groups in 1nTADDOL. IR and NMR spectra of 1nTADDOL in different solvents show that the 

intramolecular hydrogen-bonding structure markedly depends on the solvent. IR pump-probe 

spectroscopy experiments suggest that a model substrate molecule (benzaldehyde) exclusively 

affects the vibrational relaxation of the red-shifted free OH, rather than the blue shifted free 

OH-group (Fig. 3). This observation points at substrate induced changes of vibrational coupling, 

which can be explained from a specific interaction with the reactive intermediates. Thus, our 

results indicate the formation of a structurally unique reactive intermediate, which is likely 

related to the high enantioselectivity of 1nTADDOL catalysis. 

 

 
Figure 1 ï (1) Molecular structure of TADDOL. (2) IR absorption spectrum of 1nTADDOL in toluene. (3) 

Transient absorption traces for the OD stretching vibration of 1nTADDOL-d2 with and without substrate for  

red- and blue-shifted free OD groups. 

 

References 

 
1. Y. Huang, A. K. Unni, A. N. Thadani and V. H. Rawal, Nature, 424 (2003) 424. 
  

OC
27 



 

  

88 EUCMOS 2018  

 

 

Fluorescence Quenching of Xanthone and Xanthione Derivatives in Protic 

and Aprotic Solvents 
 

Svetlana S. Khokhlovaa, Anatoly I. Ivanova, Roman G. Fedunova, Stanislav L. Bondarevb, 

Sergey A. Tikhomirovb, Tamara F. Raichenokb and Oleg V. Buganovb,  

Vyacheslav K. Olôkhovikc and Nikolai A. Galinovskiic 

a Volgograd State University, 400062 Volgograd, Russian Federation 

b B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Prospect Nezavisimosti 68,  

Minsk BY-220072, Republic of Belarus  
c Institute of Chemistry of New Materials, National Academy of Sciences of Belarus, Fr. Skaryna Street 36,  

Minsk BY-220141, Republic of Belarus  

svetlana.khokhlova@volsu.ru 
 

New compounds 1,3-dimethoxy xanthione [1], 2,7-diamino xanthione and 2,7-diamino 

xanthone [2] have been synthesized and their absorption and transient spectra have been 

measured in various solvents. Quantum chemical calculations with semiemperical, DFT and 

TD-DFT methods provided an important information about electronic structure of diamino and 

methoxy derivatives of xanthone and xanthione. The theoretical electronic absorption spectra 

of 2,7-diamino xanthone (Fig. 1), as well as for the rest of compounds, are in good agreement 

with experimental spectra. 

Theoretical fitting of transient absorption spectra of the compounds has been conducted with 

modern and very precise method developed in [3]. The method gives good qualitative and 

quantitative coincidence with the experimental results. 

 

 
Figure 1 ï Absorption (abs) and fluorescensce (fluo) of 2,7 - diaminoxanthone in methanol (MeOH) and 

acetonitrile (ACN) obtained experimentally (lines) and calculated theoretically (symbols). Experimental 

absorption spectra of xanthione in MeOH is shown by dotted line. 
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Few-electron molecules represent attractive systems for precision spectroscopy because their 

properties can be calculated with extraordinary accuracy by ab initio quantum-chemical 

methods [1,2]. Comparing experimental and theoretical results thus offers the opportunity to 

assess the limitations of ab initio calculations, ultimately and ideally at the level where their 

accuracy is limited by either the uncertainties of the fundamental constants or so far 

unrecognized physical effects. We present the results of precision measurements in cold 

samples of hydrogen (H2) and metastable He2 molecules. The cold-molecule samples are 

prepared in supersonic beams using pulsed cryogenic valves and, in the case of metastable He2, 

a multistage Zeeman decelerator. 

In the case of the metastable a 3Su
+ state of He2, we exploit multistage Zeeman deceleration to 

prepare slow beams of cold and fully magnetized molecules in selected spin-rotational 

components [3]. We use the long transit times of these molecules through microwave and laser 

fields to carry out highly precise measurements of (i) fine-structure intervals in the metastable 

a state, (ii) the frequencies of transitions to high Rydberg states of He2, and (iii) the spin-

rovibrational energy level structure of the X+ 2Su
+ ground state He2

+ by Rydberg-series 

extrapolation [4]. 

In the case of H2, we measure transitions from selected rovibrational levels of the GK 1Sg
+ state 

to high Rydberg states belonging to p and f series converging on different rovibrational levels 

of X+ 2Sg
+ ground state of H2

+. The transition frequencies are determined with a relative 

precision (Dn/n) of 2.10-10 [5]. Extrapolation of these series by multichannel quantum defect 

theory enables us to determine the spin-rovibrational intervals of H2
+ at unprecedented 

accuracy. The relevance of these results in the context of measurements of fundamental 

constants and elementary-particle properties will be discussed. 
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Chiral spectroscopies are powerful techniques that allow the determination of the absolute 

configuration of a chiral sample, as well as provide additional detail and more specific insight 

into the sample's properties when compared to non-chiral measurements. From circular 

birefringence to vibrational circular dichroism, there is a wide array of available techniques 

depending on the property of interest. In almost all cases, in order to assign the absolute 

configuration of a sample from an experimental measurement, a theoretical calculation is 

required to determine the sign of the property associated with each enantiomer [1]. For this 

reason, several methods have been developed in the past to accurately reproduce the chiral 

response of molecular systems. Recently, we have expanded upon the available theoretical and 

computational techniques to simulate the emission of circularly polarized radiation of a system 

in a triplet state, a phenomenon known as circularly polarized phosphorescence (CPP) [2,3], 

and applied it to both organic and inorganic systems, of the type that has found applications in 

electroluminescent devices such as OLEDs, sensors, and probes. In addition, to provide a more 

profound insight into the chiral response, we revisited vibrational circular dichroism (VCD) [4] 

a well-known spectroscopy that exposes the chiral vibrational signature of a system. Thanks to 

recent developments both regarding the treatment of anharmonic effects [5] and in graphical 

visualization tools, we have expanded upon a visualization technique that can be used to truly 

expose the origin of the vibrational chiral response of a system by plotting the movement of the 

electrons during the vibration [6]. These efforts will be able to offer new and more accurate 

tools for the study of chiral systems through spectroscopy. 
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The recent growth of interest on molecular photochemistry and photophyics promoted by the 

development of applications such as organic solar cells, OLEDs and photoredox chemistry led 

many researches to develop new interesintg methods to calculate vertical transition energies, 

oscillator strengths are other static properties. However, as the processes involved are so fast, 

one has to go being the static picture and include the dynamic aspects of those systems to 

completely describe them. With that in mind, we developed new theoretical models to predict 

dynamic properties of excited states completely from ab initio using the analytical solution for 

the path integral to the nuclear movement [1]. These models were implemented very efficiently 

on the free software ORCA, where different methods to compute excited state statics properties 

such as TD-DFT, CASSCF, (ST)EOM, ROCIS are already available. Our first paper1 considers 

only the processes of absorption and fluorescence, but we already have developed and 

implemented the theory to compute phosphorescence rates and spectrum, resonant Raman 

spectrum and intersystem crossing rates, being thus able to predict quantum yields at 77K for 

some organic molecules. With the complete theoretical spectrum, we can go as far as predicting 

the actual color of emission for any given molecule, such as presented on the Figure 1 below. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 ï Calculated (solid black) and experimental (dashed blue) fluorescence spectra of anthracene, in gas 

phase at 433 K using WB97X/DEF2-TZVP and ORCA_ESD. 
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Advanced spectroscopic experiments are widely applied for understanding the biomolecules 

structure-function relationships, allowing a direct detection of different 3D-conformational 

schemes via microwave (MW) measurements or indirect analysis through 'fingerprint' 

vibrational features in infrared (IR), Raman, Resonance Raman, UV-vis or fluorescence spectra, 

including also their chiral counterparts. However, the conformational flexibility and great 

variety of possible interactions results that these experimental spectroscopic studies are 

extremely difficult to interpret. In this talk I will present the status and perspectives of the 

ongoing project aiming to bridge the gap between sophisticated experimental techniques and 

often over-simplified analysis, focusing specifically on protein and DNA building blocks. In 

this context, inclusion of anharmonic effects on rotational constants, thermodynamic properties, 

and on both line positions and intensities of vibrational (IR, Raman, VCD, ROAé) spectra is 

paving a way toward significantly improved level of accuracy and understanding of state-of-

the-art contemporary spectroscopic results.  

In this framework, computational protocol is developed through a multistep strategy, starting 

from isolated molecules, oligomers and weakly-bonded complexes/clusters. Extension to larger 

and more complex systems relies on reduced dimensionality approaches and effective schemes 

to select transitions of interest. Such procedures will be discussed focusing on the challenges 

represented by an accurate description of 3D-conformational structure of flexible systems and 

vibrational modes involved in the inter- or intra-molecular hydrogen bonds. 

 

 
Figure 1 ï Experimental and fully anharmonic (GVPT2) IR spectrum of Ac-Val-Phe-OMe dipeptide 
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The outer electronic shell visualization is an important problem for physical chemistry, since 

its features determine the ability of a molecule to be involved in non-covalent interaction. There 

was a number of attempts to find a parameter that could be sensitive to such features of outer 

electronic shell as the direction of lone pairs localization. For example, such parameters as 

molecular electrostatic potential (MESP) [1], and electron localization function (ELF) [2] were 

proposed for these purposes. 

Our idea is to use 3He atom as a probe particle. Previously we have shown that the laplacian of 

helium chemical shift, ɳ2ŭHe, is sensitive to lone pair localization regions [3]. Its sensitivity to 

lone pairs is preserved at distances as large as 2.0ï2.5 Å from the center of nucleus (in 

comparison with the distance to MESP minima, located at 1.0ï1.5 Å or maxima of ELF, which 

are as close as 1.0 Å to the nucleus). 

In this work we extend the set of investigated objects to fluoring containing CH-acids with 

different hybridization of carbon atom ï FCCH, C2HF3, F3CH. We scan outer electronic shell 

of investigated molecules by 3He atom, then calculate NMR chemical shift for each scan point 

ŭHe and finally calculate laplacian of helium chemical shift ᶯ2ŭHe. 3D surfaces of ɳ2ŭHe can 

clearly demonstrate the direction of fluorine atoms lone pairs localization.  
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The knowledge of the equilibrium structure of isolated molecular systems of chemical and 

biological interest is fundamental to get a deep understanding of several chemical-physical 

processes, in the framework of the so-called structure-property relationship. Moreover, accurate 

equilibrium geometries represent invaluable benchmarks for testing different computational 

methods rooted into quantum or classical mechanics. While the amount of experimental data is 

ever increasing, but these are often influenced by vibrational and/or environmental effects. In 

fact, the molecular structures obtained through isotopic substitution are vibrationally averaged 

properties, but vibrational effects are usually not explicitly considered during the inversion of 

the spectroscopic data, making the resulting structures dependent on the isotopic species 

investigated. In order to overcome these issues, the determination of the equilibrium structure, 

defined as the geometry related to the minimum of the Born-Oppenheimer (B-O) potential 

energy surface (PES), appears as the most appealing alternative. This kind of structure is more 

challenging to be inferred at the experimental level, but its determination allows the inclusion 

of vibrational effects and, within the B-O approximation, it is independent of isotopic 

substitutions. Furthermore, the corresponding structural parameters can be directly compared 

with theoretical results. In this contribution, we present the recently developed MSR (Molecular 

Structure Refinement) software [1,2] specifically designed for the calculation of equilibrium 

structures by means of the so-called semi-experimental approach [3,4]. In addition to being 

equipped with a flexible choice of the optimization algorithm and a detailed error analysis, the 

MSR program has been provided of an efficient protocol for defining automatically the 

minimum set of non-redundant internal coordinates employable in the fit. This strategy is based 

on the extraction of all A1 coordinates from a set of symmetry internal coordinates, in a 

completely black-box implementation. The MSR program has been also equipped with the 

possibility of including predicate observations [5] in the fit, i.e. augmenting the set of input data 

(e.g. rotational constants) through suitable estimates of the structural parameters. Finally, the 

user-friendliness of MSR is enhanced by an intuitive graphical user interface from which all it 

can be fully controlled and where results are displayed at the end of the structural refinement. 
In this contribution, the underlying theory and the implementation are presented in some detail, 

and the main features of the code are illustrated through the determination of the equilibrium 

structure of molecules of biochemical and astrochemical interest. 
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Reducing levels of the aggregation-prone Aɓ peptide that accumulates in the brain with 

Alzheimerôs disease (AD) has been a major target of experimental therapies. An alternative 

approach may be to stabilize the physiological conformation of Aɓ. To date, the physiological 

state of Aɓ in brain remains unclear, since the available methods used to process brain tissue 

for determination of Aɓ aggregate conformation can in themselves alter the structure and/or 

composition of the aggregates. Here, using synchrotron-based Fourier transform infrared micro-

spectroscopy, non-denaturing gel electrophoresis and conformational specific antibodies we 

show that the physiological conformations of Aɓ and amyloid precursor protein (APP) in brain 

of transgenic mouse models of AD are altered before formation of amyloid plaques. 

Furthermore, focal Aɓ aggregates in brain that precede amyloid plaque formation localize to 

synaptic terminals. These changes in the states of Aɓ and APP that occur prior to plaque 

formation may provide novel targets for AD therapy. Aɓ is a class of aggregation-prone 

proteins, which may misfold into stable, ɓ-sheet rich fibrils. Aɓ is linked to the development of 

synaptic pathology in Alzheimerôs disease (AD). However, a main question in the AD field is 

how Aɓ contributes to AD neuropathology? Up to now there is little evidence for protein 

structural changes in diseased neuron. Our aim is to study the distribution of ɓ-sheet structures 

in AD transgenic neurons in order to uncover sub-cellular mechanism(s) by which amyloid ɓ-

sheet structures are involved in AD pathology.  
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Figure 1 ï (a) FTIR maps were integrated for the ɓ-sheet 

spectral region at 1,635ï1,620 cmī1 to visualize absorption 

intensities for the ɓ-sheet content. in brain sections of 

Tg19959 (upper panels) and wild type (lower panels) mice 

at 1, 2 and 3 months, respectively. ɓ-sheet content is shown 

in red (arrows. Scale bar, 50 ɛm. (b) Averaged and 

normalized 2nd derivatives of the Amide I absorption 

band; ɓ-sheet structures in 1-month Tg19959 mice are 

similar to those in wild-type mice. (c) Averaged and 

normalized 2nd derivatives of FTIR spectra taken from 

areas with increased ɓ-sheet content in the corresponding 

ɛFTIR maps in a. d) Same as in c, but for 3 month-old 

Tg19959. 
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Confocal Raman spectroscopy (CRS) uses the advantages of immersion confocal microscopy 

as well as provides information about the biochemical changes of the sample on the molecular 

level. Fourier transform infrared (FT-IR) spectroscopy has additional advantage of not only 

detection but also easy quantification of many biochemical changes. It was already shown that 

both, IR and RS have huge diagnostic potential [1,2] also in red blood cells (RBCs) studies [3-

5]. If specific molecular change of RBCs has specific marker bands the diagnosis could take 

even up to several seconds what gives additional possibility of the in vitro/ex vivo changes 

monitoring. Moreover, those techniques allow for an analysis of the molecular changes in a 

single RBC in small quantity of blood without previous staining or fixation. Atomic force 

microscopy (AFM) can additionally provide a mechanical fingerprint of single-cell pathological 

changes [6] also for RBCs [7] what makes this a promising technique in cell alteration 

diagnosis. Here we presented the application of RS, FT-IR and AFM supported by 

complementary techniques for detection of biochemical and functional changes (RS, IR) as well 

as mechanical properties (AFM) of human as well as murine RBCs (obtained from both, healthy 

control as well as pathologically changed). RBCs were analyzed from the point of hemoglobin 

structure, alterations of the lipids and proteins inside RBC membrane and mechanical properties 

such as stiffness, topography and adhesion. We have presented that a set of specific RS/FT-

IR/AFM information may allow for detection of some RBCs alterations in the first place, even 

on the single cell level. Presented results will be focused on the in vitro studies of human RBCs 

as well as application of vibrational spectroscopy for detection, differentiation and visualisation 

of different hemoglobin forms, as well as pathologically or chemically induced RBCs 

alterations [3-7].  
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Successful resection of cancerous tissue is highly dependent on the correct identification of the 

definite border between cancerous and healthy tissues. For a surgeon this, however, is not 

always an easy task to do by the naked eye. In such cases additional histopathological diagnosis 

of the inspected tissues is needed. Alas, the method is time-consuming and provide results 

which are in fact not always conclusive or reliable.  

Pilot spectroscopic studies of kidney tissue touch imprint smears were conducted previously 

[1]. It was shown that chemometric analysis of the collected ATR-FTIR spectra is effective for 

distinguishing cancerous and normal tissues. The most prominent spectral markers of cancerous 

tissue are located in the wavenumber region between 950 cm-1 and 1200 cm-1. These marker 

bands were assigned to the vibrations of glycogen molecules which are accumulated by the 

cancerous cells to sustain their accelerated metabolic rate. In the end, the application of the 

method used in the pilot studies is somewhat limited due to the need to relocate the tissue under 

inspection from the operating table to the viscinity of the FTIR spectrometer. Furthermore, the 

procedure to form a tissue smear on the ATR crystal of a FTIR spectrometer requires time and 

equipement. 

Here we present the results of in situ analysis of the suspected kidney and brain tissues using a 

new design of a portable spectroscopic tool [2]. The portable spectrometer is coupled with an 

ATR fiberprobe wich allows the rapid and easy sampling due to the changeable ATR tips. The 

higher signal-to-noise ratio is attained with liquid nitrogen cooled MCT detector used in the 

setup instead of the conventional DTGS of portable FTIR spectrometer. MCT enables to 

compensate the signal-to-noise loss due to the losses in the optical fiber. Thus a high accuracy 

spectral analysis can be performed employing the unique software dedicated for distinguishing 

the cancerous and normal tissues areas. Results of this study are promising and the improved 

setup brings us one step closer towards the in vivo detection of cancerous tissues during the 

surgery.  
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The most common recognized neoplasms of the parotid gland are pleomorphic adenoma (mixed 

tumor) and adenolymphoma (Warthin tumor). The metastasis is not often observed in the 

salivary gland neoplasms. However, tumors developing in the head and neck even if they are 

not malignant form can lead to transformations in pathogenic promote the development of 

malignant tumors [1]. In this study, we present the vibrational spectroscopy investigations of 

salivary glands tissues from patients with diagnosed cancer disease within the parotid gland. 

Spectroscopic methods such as infrared absorption spectroscopy with Fourier transformation 

(FTIR), including microspectroscopy, and Raman spectroscopy (RS) have a number of medical 

applications [2-3]. Figure 1 shows FTIR spectra of pleomorphic adenoma tissue collected from 

two different areas. The observed spectral patterns indicate significant changes in the spectral 

regions of 1000 ï 1100 cm-1 and 1700 ï 1730 cm-1 which are associated with the investigated 

area. The observed differentiation within the same tissue sample corresponds to the 

histopathological assessment. The obtained data were compared with the spectra recorded for 

saliva samples from those patients. Such analysis may deliver spectroscopic markers, which 

will be essential in preliminary diagnosis.  

 

 
 

Figure 1 ï FTIR spectra of salivary glands tissue from two different areas of the sample. 
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Extracellular vesicles (EVs) are nano-sized membranous vesicles present in urine and other 

body fluids. They play a crucial role in many biological processes including: angiogenesis, 

thrombosis or intercellular communication. Due to the presence in almost all body fluids, EVs 

are considered as potential biomarkers of diseases. Rich source of EVs in human body is urine, 

where EVs are released by glomerular epithelial cells. Urine is of great interest for diagnostic 

application due to easy and non-invasive way of collection. Urinary EVs (UEVs) contain 

different biomolecules such as proteins, nucleic acids (DNA, mRNAs, microRNAs, small 

RNAs) and lipids. Furthermore, it is well known that both number and content of UEVs can 

reflect the state of damage of the kidney.  

Many optical and non-optical techniques have been used so far to characterize EVs, including 

high-resolution imaging with electron microscopy, nanoparticle tracking analysis (NTA), 

dynamic light scattering (DLS), tunable resistive pulse sensing (TRPS), flow cytometry, atomic 

force microscopy and many others. However, all above-mentioned methods have some 

limitations, so modern and efficient techniques are required to investigate physical and chemical 

properties of EVs. Raman spectroscopy is a non-destructive, label-free method, based on 

inelastic scattering, which can provide information about chemical composition of EVs. Thus, 

Raman spectroscopy seems to be a promising tool for clinical applications. 

In our study we would like to demonstrate the potential diagnostic usefulness of Raman 

spectroscopy technique for chemical characterization of UEVs isolated from diabetic patients 

and healthy subjects as well as endothelial derived EVs isolated from in vitro cell culture model. 

Since Raman spectra of EVs are complex, detailed analysis of all chemical differences between 

the studied samples required application of advanced chemometric methods such as Cluster 

Analysis (CA) and Partial Least Squares regression (PLS regression). Our results show 

unequivocally that Raman spectroscopy can be applied to distinguish diabetic and healthy 

subjects as well as endothelial EVs isolated from hyperglycemic cell culture medium. 
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Liver sinusoidal endothelial cells (LSECs) are highly specialized endothelial cells representing 

the permeable barrier between blood and hepatocytes in liver sinusoids. LSECs are involved in 

the transport of nutrients, lipids and lipoproteins, they also have the highest endocytosis 

capacity of human cells [1]. Development of Non-Alcoholic Fatty Liver Disease (NAFLD) 

involves pathogenic mechanisms of LSECs, hepatocytes and other liver cells. While, the 

pathogenesis of NAFLD is not fully understood yet, the accumulating evidence highlights the 

pivotal role of LSECs in development of NAFLD and its progression to NASH and fibrosis 

[1,2]. Since the culturing of LSECs is not possible, as they lose their characteristic phenotype, 

the cell isolation procedure was applied in this study. Additionally, the use of an animal model 

of NAFLD induced by High Fat Diet (HFD) provides a possibility to study the progression of 

the disease. Application of Raman imaging technique enables to link the chemical and spatial 

information and therefore study chemical changes in chosen subcellular structures. Here we use 

Raman imaging to investigate cell-specific changes in the biochemical phenotype of primary 

LSECs at early (at 2nd week) and late (15th and 20th weeks) stage of NAFLD. Combining Raman 

imaging with chemometrical analysis enables to determine the spectroscopical profile of LSEC. 

Although not significant, we detected changes that occured in nuclear DNA, level of proteins 

in cytoplasm and increase of degree of unsaturation of lipids accumulated in lipid droplets. The 

later finding is puzzling, as the function of lipid droplets in endothelial cells is still investigated 

[3]. 
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Over the last decades, ultrafast technology and spectroscopy have advanced greatly. Fully 

tuneable pulses with a duration below 30 fs are now available. For probing of the temporal 

evolution of a molecular sample excited by such a pump pulse white light fs pulses are the 

method of choice. In this way a time resolved spectroscopy with probing from 250 nm to well 

into the NIR has become available [1,2]. By utilizing a referencing scheme, a sensitivity in the 

range of 10 µOD ï very close to the shot noise limit - can be reached [3]. 

For complex chemical processes involving multiple steps and diffusive encounters, the scan 

range of the fs experiment is not sufficient. While it has been thought that the excitation pulses 

are the crucial issue, it has now become clear that it is the continuum probing. Therefore, a ns 

OPO system is substituted for the fs pump and electronically synchronized to the continuum. 

In this way the full range from early femtoseconds to milliseconds can be covered [2]. 

Such a comprehensive excitation and detection scheme has for the first time allowed to 

quantitatively analyse all 4 steps of a molecular motor [4]. Not only the decay rates typically 

reported in time resolved spectroscopy were determined, but also the efficiencies of all steps. 

This is possible by spectral deconvolution and comparison with the ground state bleach. 

 

 
Figure 1 ï Range of available high power LEDs for quantitative measurements. 

 

For direct comparison we can measure the reaction quantum yields with 5 % accuracy by 

photometric measurement of the absorbed light from a high power LED that is imaged into the 

sample in a precise fashion. UV/vis spectroscopy and GC or NMR are used to quantify the 

action due to the illumination. LEDs ranging continuously from 265 to 1000 nm are available. 

The power at the samples scales from tens of mW in the deep UV to hundreds of mW in the 

visible. For blue, green and red illumination this even goes up into the 10 W range. Such high 

powers are most helpful for the quantitative investigation of photocatalytic processes. 
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The study of single eukaryotic cells is an ongoing research effort with a potential impact on 

biology, biotechnology and medicine. In almost all molecular biology experiments, a 

population of cells other than single cell is studied. The heterogeneity in a cell population causes 

an average result and the biomolecular information originating from single cell molecularly 

different from others is lost. With the recent advances in cell sorting technology, it is now single 

cell analysis is more pronounced. The study of single cells can revolutionize the understanding 

of the fundamentals of many diseases, developmental biology, cell signaling, stem cell, and 

drug discovery studies. Therefore, a number of cell sorting and analysis techniques including 

Mass Spectroscopy and Electrophoresis are proposed for the goal [1, 2]. Due to its complex and 

dynamic structure, the study of living cells at single cell level is not an easy task and a technique 

should possess certain criteria to meet the requirements such as high spatial and temporal 

resolutions and being able to analize a cell while it is alive. Surface-enhanced Raman scattering 

(SERS) is a highly sensitive vibrational spectroscopic technique and it can serve as an excellent 

tool to study living single cells by satisfying more of these criteria than any other currently 

available technique. As a part of our effort to utilize the technique in biology, biotechnology 

and medicine, we continue to investigate the potential of the technique to use in single cell 

analysis. We previously showed that SERS could be used to study real-time dynamics of 

molecular processes taking place in living cells, especially upon external stimulation, in a 

contactless, noninvasive, and nondestructive way [3]. In this presentation, the experimental 

conditions to obtain meaningful SERS spectra with a high reproducibility from living single 

cells and the origin of the obtained spectra by putting an emphasis on the cellular uptake of 

SERS active substrates, AuNPs, are outlined [4]. The observed spectral changes on the cellular 

spectra upon exposing the cells to external stimuli are discussed. The results indicate that the 

spectral changes can be related to cellular prosesses taking place in a living cell depending on 

the environmental stress conditions, which can be used to understand the cellular molecular 

dynamics under several conditions. 
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Probing the interactions in different media (liquids, solids, gases) that affect, e.g., rates and 

equilibria of chemical reactions is essential for applying green chemistry principles. For 

reactions in liquid phase, the solvent participates inter alia in heat-, mass and proton transfers; 

this participation affects the yields of competing reactions. Adsorption on solid surfaces of, e.g., 

thin films and nanoparticles is governed by substrate-surface interactions. Consequently, we 

need to understand, hence quantify and exploit substance-medium interactions. The latter are 

complex; hence cannot be rationalized in terms of a single mechanism, or quantified by a single 

medium descriptor, e.g., solvent dielectric constant. A successful approach to probe these 

interactions is to use perichromic probes. These are substances whose spectra, absorption or 

emission, are particularly sensitive to some property of the medium, including Lewis acidity 

and basicity, dipolarity and polarizability. The medium effect is then quantified, usually by a 

linear combination of these descriptors. The use of this approach will be presented by showing 

results relevant to solvation [1], adsorption on solid surfaces [2], dissolution of asphaltenes [3] 

and analysis of biofuels and their blends with petroleum-based fuel [4]. 
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Surface-enhanced Raman scattering (SERS) has been recently used with acute relevance in 

many areas. Although the SERS effect was discovered during the 70s, this spectroscopic 

method is benefiting from the unprecedented progress observed in the last few decades in 

instrumentation and materials development specific to nanoscale science. Indeed, the design of 

SERS active nanomaterials is a key aspect in further exploitation of SERS in diverse areas, 

including medicine, environmental monitoring and trace chemical analysis [1]. 

The current developments of techniques such as Raman imaging, through high resolution 

Raman mapping with short measurement times, have brought a new look on composites and its 

applications. Such an image can show either the chemical heterogeneity or a specific response 

as SERS activity [2] or a labeling process (Figure 1). In this communication, our latest results 

in the development of SERS active substrates will be presented together with its evaluation 

using Raman imaging. Illustrative examples of SERS applications will be provided along with 

perspectives of development in chemical detection applied to real contexts. For example, SERS 

and Raman imaging were used with advantage in the monitoring of textile fiber dyeing [2]. Our 

results demonstrate that by using Raman imaging associated to the presence of Ag nanoparticles 

it is possible to distinguish the local distribution of the organic dye (methylene blue) on the 

textile surface. Composites of linen fibres and Ag nanoparticles were prepared by distinct 

methods and used as SERS substrates. Raman imaging allowed to explore the Ag distribution 

on the textile surface and to its interior, together with the study of the dye adsorption molecular 

species. Textile fibres containing Ag nanoparticles have been widely explored for antimicrobial 

fabrics. This investigation allows to foresee the use of this technique in terms of quality control 

of Ag containing fabrics. 
  

 
 

Figure 1 ï Optical photograph (left) and Raman image (right) of a silver containing textile fibre dyed with 

methylene blue (chemical structure shown). 
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The class of hydrogen-bonded molecular crystals can be considered as a successful result of 

crystal engineering of novel materials for nonlinear optics (NLO). These materials are based on 

properly arranged organic molecules (carriers of NLO properties) interacting with selected 

inorganic or organic anions. The energy of formed hydrogen bonds counteracts the natural 

tendencies of the organic ions to form centrosymmetric pairs. In addition, the formed hydrogen-

bonded structures frequently gain advantageous chemical and physical properties. 

The resulting NLO properties have several technical applications ranging from harmonic 

generations to stimulated light scattering. A very recent application of hydrogen-bonded salts 

of organic molecules (e.g. guanylurea hydrogen phosphite1) is based on stimulated Raman 

scattering (SRS). This c(3) NLO phenomenon is used for the development of compact and 

efficient frequency converters of the one-micron laser emission based on neodymium or 

ytterbium lasants.2   

This contribution deals with characterization of molecular crystals based on inorganic and 

organic salts of aminopyrimidines by the combination of experimental (i.e. vibrational 

spectroscopy, XRD and calorimetry) and theoretical (solid state quantum-chemical 

calculations) methods. Especially temperature-dependent vibrational spectroscopic methods are 

very useful tool for monitoring and explanation of phase transformations, which might crucially 

influence the most of their physical properties (including the optical ones). The several 

examples of aminopyrimidinium salts of inorganic oxyacids and dicarboxylic acid will be 

discussed in detail. 
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Nowadays, hundreds of millions of lead-acid batteries are produced worldwide, which makes 

the lead-acid battery the most successful power source of all time. The raw material for their 

production is practically unlimited and about 95% of the battery material can be recycled. Lead 

is the most important raw material of lead acid batteries and it is the most reused material. 

In the car battery, the positive electrode active material is made of lead dioxide (PbO2), the 

negative electrode of spongy metallic lead (Pb) and as electrolyte a 38% H2SO4 solution is used.  

In this paper, we present the synthesis, characterization and electrochemical performances of 

materials obtained by the recycling of the anodic and cathodic electrodes of spent lead acid 

battery and the incorporation of MnO2 contents. Samples were obtained by an eco-innovative 

technology concerning both economic aspects (reduction of production costs, improving of 

energy efficiency) as well as environmental ones (the environmental friendly character) [1]. 

The effect of MnO2 concentration on Pb-PbO2 host network [2] was investigated by X-ray 

diffraction (XRD) analysis, InfraRed (IR), UltraViolet-Visible (UV-Vis), Photoluminescence 

(PL) and Electron Paramagnetic Resonance (EPR) spectroscopy. Electrochemical performances 

of samples used as working electrode were demonstrated by measurements of Cyclic 

Voltammetry (VC). 
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Mixtures of room temperature ionic liquids (ILs) and organic solvents are highly interesting 

from academic and industrial viewpoints. Besides optimizing the macroscopic properties of a 

fluid by chosing the appropriate molecular structure, the use of mixtures offers another degree 

of freedom via its composition. Such a mixture can behave like an ideal solution, i.e. the mixture 

properties represent linear combinations of the pure component properties. However, depending 

on the constituents the mixture properties can depart from the ideal behaviour substantially. The 

aqueous solutions of dimethyl sulfoxide showing a massive freezing point depression represent 

a prominent example [1]. Nonideal mixtures are particularly interesting as they allow reaching 

properties that are outside the range of the commonly available neat substances. 

The macroscopic properties of a solution are determined by the interactions at the molecular 

level, e.g., hydrogen bonds and dipole-dipole interactions. Consequently, a molecular 

spectroscopic analysis supports the understanding of the behaviour of a mixture substantially. 

In this work, we present results obtained by infrared and Raman spectroscopy experiments of 

the binary mixtures of the ionic liquid 1-butyl-3-methylimidazolium trifluoromethanesulfonate 

and the normal alkyl alcohol propan-1-ol across the entire composition range. The data are 

initially analysed using a screening method based on principal component analysis, which 

allows identifying the formation of molecular clusters [2]. In the second step, the spectra are 

evaluated with respect to peak shifts and intensity changes making reference to the pure 

substances [3,4]. This combination of data evaluation techniques allows obtaining a full picture 

of the molecular interactions between the different moieties. Furthermore, it allows drawing 

conclusions about the structure-property relationships, which are the key for a rational design 

of process fluids. 
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The presence of heterogeneity at a molecular level (microheterogeneity) in binary mixtures 

leads to deviations from the behaviour of the ideal mixture. The molecular origin of this 

phenomenon is not fully elucidated as yet. The appearance of microheterogenity was clearly 

observed in binary mixtures of water with aliphatic alcohols. Therefore, a lot of experimental 

and theoretical works were devoted to studies of these mixtures. In contrast, examinations of 

microheterogenity in non-aqueous mixtures are less extensive. Here, we present results of 

spectroscopic (ATR-IR and NIR) and chemometric (PCA, MCR-ALS, 2DCOS) studies of 

binary mixtures of (a) aliphatic alcohols with aliphatic alcohols [1,2], (b) aliphatic alcohols with 

alkanes [3], (c) alkanes with alkanes [4] and (d) alkanes with aromatic hydrocarbons [4]. 

Our results reveal that the molecular structure of all studied mixtures is similar. The mixtures 

are composed of the homoclusters of both components and the mixed clusters (heteroclusters). 

It is of note that the homoclusters present in the mixtures are similar to those appearing in bulk 

components. The relative population of different species depends on overall mixture 

composition. The highest population of the heteroclusters occurs at mixture composition near 

to equimolar. At this composition is observed the largest deviation from the ideal mixture. 

However, the degree of deviation of the mixture from the ideal mixture is strongly correlated 

with the molecular structure of both components of the mixture.  

 

 
Figure 1 ï Concentration (top) and spectral (bottom) profiles of cyclohexane/benzene mixture obtained from 

MCR-ALS. Solid, dashed and dash-dot lines represent the homoclusters of cyclohexane, benzene and the 

heteroclusters, respectively. 
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Psoralens are natural compounds with pharmaceutical applications [1]. In a UV-dependent 

therapy (PUVA) they are employed to treat skin diseases like psoriasis and vitiligo . The 

pharmaceutical action of psoralens can be related to their interaction with DNA [2]. Psoralens 

intercalate into DNA and upon photo-excitation they can bind to thymine bases (see Figure 1). 

These photo-adducts prevent DNA from replicating and may result in apoptosis of diseased 

cells. The photo-adduct bears a cyclobutane moiety. The same moiety appears in intrinsic 

photolesions of DNA. Pyrimidine bases, in particular thymine, can form cyclobutane 

pyrimidine dimers (CPD) upon UV-excitation [3]. The CPD formation proceeds in less than a 

picoseond. The primarily excited singlet state is the precursor of the CPD. Heretofore, no 

experimental results on the formation kinetics of the psoralen-DNA-adduct were available. 
 

 
Figure 1 ï Psoralen derivatives like AMT intercalate into DNA. Upon irradiation with UV-A-light they bind 

covalently to DNA forming a cyclobutane ring.  

 

Experiments on the psoralen derivative AMT (see Figure 1) and duplex DNA containing all 

bases revealed a photo-induced electron transfer competing with the photo-addition [4]. The 

base guanine hereby acts as an electron donor. Thus, in the spectroscopic studies on the photo-

addition A,T-only DNA was used to prevent this electron transfer (see Figure 1). Intercalated 

AMT was excited by laser pulses centered at 355 nm. The spectroscopic response was probed 

in the UV/Vis and mid-IR range. The singlet lifetime of intercalated AMT (1 ns) is hardly 

affected by intercalation into A,T-only DNA. Along with the singlet decay the population of 

the AMT triplet state rises. By means of UV/Vis and in particular IR detection the triplet state 

is shown to be the precursor of the photo-adduct. The addition proceeds with characteristic 

times of 1-6 and ~50 µs. This behaviour is in stark contrast with CPD formation proceeding on 

the sub-picosecond time scale from a singlet precursor. The origin of this difference will be 

discussed in relation with results from quantum chemistry [5]. 
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Scientists have a wide range of spectroscopic methods available to study molecular structure 

and behavior. Proper interpretation of the results requires the scientist to be aware of the pitfalls 

of the methodology. This expertise is generally obtained through years of experience working 

with the techniques. However, it is not always easy to make the step from user to expert, as 

expert assistance may not be directly available, textbooks may be too basic for the research 

question being studied, and methods sections in scientific papers may be too succinct. The trials 

and tribulations of becoming an expert spectroscopist become even larger when also the peer 

review process fails, and fundamental errors enter the scientific literature. 

Such an occasion will be illustrated using the example of spectroscopic approaches to 

characterize ligand-binding to proteins. Although there are many excellent papers available, I 

and co-workers have documented how many hundreds of fundamentally incorrect papers have 

recently entered the scientific literature [1-3]. Flaws include, but are not limited to, ignoring the 

well-known inner-filter effect in fluorescence, reporting protein amide backbone fluorescence 

when there is none, performing FRET calculations when lifetime measurements show there is 

none, and incorrect execution and analysis of UV-VIS spectra. Many of these papers have 

appeared in specialty journals, which means that novices in the field may be fooled into 

believing these papers contain the state-of-the-art. The presentation will end with a number of 

suggestions to alleviate this situation and help train new scientists in proper use of spectroscopic 

methods. 
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Recent advances in the realization of matter-wave interferometry with complex molecules [1,2] 

have openend new avenues to study their electronic and optical properties in molecular beams. 

The molecular matter-wave interferogram represents a free-flying nanostructure of the 

probability density to find a molecule. It represents a nanometric ruler in free space that is 

measurably shifted when the molecules interact with external perturbations. This setup is highly 

sensitive to external fields [3] and can even reveal the absorption of on average less than a single 

photon per molecule. I will discuss recent experiments [4] and new ideas [5,6] how to exploit 

quantum-inteference assisted metrology to learn about the optical absorption of complex 

molecules, even in a setting where the molecule has has not seen the spectroscopic radiation in 

a classical sense [7].   
  

   
 

Figure 1 ï A three-grating matter-wave interferometer allows imprinting a nanostructure onto a molecular beam 

in free flight. The displacement of the molecular interference pattern can serve as a sensitive tool 

for spectroscopy [4]. 
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Time-resolved FTIR difference spectroscopy (TR-FTIR-DS) is a powerful technique in the 

investigation of biochemical reactions, providing time-resolved details at the atomic level on 

the reaction mechanisms (H+ transfer, e- transfer, chemical modification of molecules, é) [1]. 

We have studied photoprotection mechanisms in by TR-FTIR-DS, not only on isolated proteins, 

but also in vivo. 

In a first study the photoactivation mechanism of the Orange Carotenoid Protein (OCP), a water 

soluble protein found in cyanobacteria implicated in photoprotection was studied. Whereas 

previous TR-FTIR-DS studies from our groups showed the molecular details of the 

conformational changes associated to the photoactivation of the protein [2], recent results on 

wild-type and mutants OCPs show that an intermediate state in the OCP photocycle can be 

trapped at low temperature, and ï by using specific mutants - can be characterized by TR-FTIR-

DS [3]. 

Figure. 1 ï FTIR difference spectrum after continuous illumination of wild-type OCP. In the 1680-1620 cm-1 

region bleaching of a helix signal can be observed. 

 

In a second study, we studied the photoprotective mechanism of diatoms in vivo. In this case in 

was possible, on a second time scale, to follow by TR-FTIR-DS the response of the 

microorganism to strong light, implying a xantophyll cycle. We could follow different chemical 

events (chemical epoxydation/de-epoxydation of carotenoids; plastoquinone pool reduction; 

localized pH changes; energy dissipation mechanisms; reorganization of the membrane 

structure) and calculate the kinetics for each of these processes [4].  

The results will be discussed in the framework of the present knowledge of photoprotection 

mechanisms in cyanobacteria and diatoms, as well as in the framework of present and future 

capabilities of the TR-FTIR-DS technique.  
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Vibrational spectroscopy is a versatile, widely available and highly informative tool, which has 

been successfully used for conformational and structural studies of various molecules, including 

biomolecules. In addition to classical methods, namely infrared (IR) and Raman spectroscopy, 

recent development of the chiroptical vibrational techniques, such as vibrational circular 

dichroism (VCD) and Raman optical activity (ROA) significantly broadened the applicability 

of the vibrational spectroscopy and enhanced the obtained structural information. VCD 

spectroscopy is particularly useful for studies of supramolecular assemblies of biomolecules 

due to enhanced signal originating from their higher-order arrangement. Supramolecular 

structures often represent a problem for other chiral methods, such as electronic circular 

dichroism (ECD) and ROA because of strong light scattering, which, however, affects VCD to 

lesser extent. 

We will demonstrate how enhanced VCD signal allows to detect and characterize condensed 

DNA, guanine quadruplexes and ordered dGMP structures templated by Eu3+ ions. 
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Glassy materials universally show the boson peak, which is one of the unsolved problems on 

glass physics, in the terahertz region [1-3]. On the other hand, in polymer glass and proteins 

having self-similarity of monomer molecules, it is expected that fractal dynamics appears above 

boson peak frequency [4,5].  

Until now, the fractal dynamics often has been discussed by using low-frequency Raman 

scattering [5], and recent terahertz spectroscopic studies have not mentioned about detection of 

such excitaion. In this study, we propose how to detect fractal dynamics by terahertz 

spectroscopy using protein as an example. 

 

 
Figure 1 ï log Ů'' vs log frequency for the imaginary part of complex dielectric constants of myoglobin. 
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The global economy is predicted to become increasingly carbohydrates-based over the next 

decade. While the growing impact of carbohydrates on energy, food security and healthcare are 

already clear, the future development of new carbohydrate-based therapeutics, materials and 

energy sources will depend heavily on our building a better understanding at the molecular level 

of the structure-function relationships of carbohydrates. As traditional structural methods are 

often difficult to apply to carbohydrates, new approaches are urgently required. The main topic 

of the talk is to present a new spectroscopic approach to studying carbohydrate structures at the 

molecular level. We have developed widely applicable yet structurally sensitive approach based 

on chiral variants of vibrational spectroscopies for studying carbohydrates that exploit diverse 

interactions of carbohydrates with circularly polarized light (Figure 1; e.g. [1]). These 

spectroscopic techniques are able to reveal previously unknown details on all aspects of 

complex carbohydrate structure and organization, from the hydration of small sugars to the 

inter/intramolecular interactions of oligo- or polysaccharides and glycoproteins that govern 

their physiological functions and use as healthcare products e.g. hyaluronan. 

 

 
Figure 1 ï General approach for studying carbohydrate structures based on Raman/ROA spectroscopic analysis. 
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Fluorescent proteins are modern and promising tools for biological and medical investigations. 

They are applied as fluorescent biomarkers to monitor intracellular processes. Intracellular 

synthesis is an important benefit of these biomarkers. Apart from the well-known Green 

Fluorescent Proteins, the Blue Fluorescent Proteins (or Coelenteramide-Containing Fluorescent 

Proteins, CLM-CFPs) are not widely applied in biomedical research, and their potential is 

underestimated now. A fluorophore of the CLM-CFPs is a coelenteramide (CLM) molecule, 

which is non-covalently bound to a protein inside its hydrophobic cavity. The CLM is a 

photochemically active molecule; it is able to donate a proton in its electron-excited states, 

generating several forms of different fluorescent state energy and, hence, of different 

fluorescence color. Contributions of the forms to the visible fluorescence spectra depend on 

efficiency of the photochemical proton transfer and is governed by CLM microenvironment in 

the proteins. External exposures (exogenous compounds, or ionizing radiation), being 

destructive factors, can denaturate the proteins, change the fluorophore microenvironment, 

resulting in a decrease of the proton-donor efficiency and change of color of the CLM-CFP 

fluorescence. This property makes the CLM-CFPs as promising tools for monitoring a bio-

destructive ability of the external factors in biological macromolecules. Discharged 

photoprotein obelin from Obelia longissima was chosen as a representative of the CLM-CFP 

group. Light-induced steady-state fluorescence spectra of discharged obelin were studied under 

exposure to exogenous compounds (alcohols, DMSO), and ionizing radiation of gamma and 

beta types. Fluorescence intensity and contributions of ñvioletò (neutral CLM structure) and 

ñblue-greenò (ionized CLM structure) forms to the overall visible emission were analyzed. It 

was found that the destructive exposures result in a decrease of the maximal fluorescent 

intensity and rise of contribution of the ñvioletô fluorescent component. The effect was related 

to the change of proton transfer efficiency in a fluorescent state of CLM. Hence, CLM-CFP can 

serve as a fluorescence biomarker with color differentiation to monitor results of exposure of 

biomolecules to destructive exposures, such as toxic compounds and ionizing radiation. The 

new bioassay can provide fluorescent multicolor indication of proteinô destruction in cells and 

physiological liquids. 
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Infrared imaging in combination with bioinformatics is an emerging tool for label-free, non-

invasive annotation of tissue. For the entities colon, bladder, and lung, classifiers are established 

to annotate cancerous tissue in an automated workflow with sensitivity and specificity of over 

95% [1]. Recently, deep learning methods are applied to improve the classifier performance. 

However, the therapeutic decision of the clinician requires a differential diagnosis of the cancer. 

Therefore, in the next step a predictive differential diagnostics is established. We were able to 

differentiate between subtypes in lung [2], colon [3] and recently bladder cancer to predict, how 

aggressive the cancer will develop.  

An important milestone was than the combination withïomics technologies providing in 

addition to spatial also molecular resolution. The label-free classified tissue is cut out by laser 

microdissection and analyzed by proteomics. This is successfully applied to the lung infiltrating 

mesothelioma subtypes cancer [4] validation approach identifying the biomarker panel used in 

pathology. Recently, we identified in a discovery approach a novel biomarker, which 

differentiate between a very aggressive form of bladder cancer and inflammation only, which 

is difficult to distinguish by pathology today. For the aggressive form the bladder has to be 

resected. 

A major break-through is obtained now by a QCL-based microscope. The IR images show the 

same quality as the FTIR-images before. Especially disturbing coherence effects are largely 

reduced. Most advantageous is the short measuring-time. This is now drastically reduced down 

to few minutes for typical pathological thin section. It is now fully comparable to fresh frozen 

pathology and has no interobserver variability. The QCL based approach opens now new 

avenues for clinical applications of tissue classification by IR-imaging. 
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Tissue engineering approaches are being developed to overcome the limitations of current repair 

methods, which are due in large part to the challenges of regenerating native diseased tissues. 

Current gold standard techniques to assess the composition and integrity of engineered and 

repairing tissues, including histology, biochemical evaluation, and mechanical testing, are 

destructive, which limits real time monitoring of tissue development.  This is an important area 

to address, as engineered tissues developed in similar environments can exhibit very different 

matrix and biomechanical properties [1]. Accordingly, non-destructive techniques to assess 

engineered tissues during development such that appropriate compositional endpoints can be 

defined are desirable [2]. Fourier transform infrared (FTIR) spectroscopy in the mid and near-

infrared range are intrinsically label free, can be non-destructive, and provide specific 

information on the chemical composition of tissues. Here, we describe the use of spectroscopic 

techniques for non-destructive assessment and imaging of tissue repair and regeneration, and 

discuss the potential for clinical translation. 

 

 
 

Figure 1 ï A. FTIR imaging of a histological section of repairing cartilage defect and subchondral bone (left). 

The contrast is based on inherent molecular vibrations of sugar rings in glycosylated proteins. Infrared 

absorbances in cartilage arise from collagen amide and side chain absorbances, and  

proteoglycans (glycosylated proteins (right)). 
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In the confocal mode, Raman microspectroscopy can profile the biochemical content of 

biological cells at a subcellular level, and any changes to it by exogenous agents, such as 

therapeutic drugs or toxicants. As an exploration of the potential of the technique as a high 

content, label free analysis technique for cellular and subcellular analysis, this work monitors 

the spectroscopic signatures associated with the uptake and response pathways of commercial 

chemotherapeutic agents and polymeric nanoparticles by human lung cells, probing the 

limitations of the technique in terms of reproducibility and specificity of spectral signatures of 

subcellular events and pathways. The subtle spectroscopic changes associated with the cellular 

perturbations are elucidated using a range of multivariate data mining techniques, and the 

challenge of identifying consistent reproducible label free spectral markers is addressed. It is 

demonstrated that the signatures are reproducible and characteristic of the cellular event, and 

can be used, for example, to identify the mode of action of the agent as well as the subsequent 

cell death pathway, and even mechanisms of cellular resistance. Data mining approaches are 

discussed and a spectralomics approach is proposed.  
 

 
Figure 1 ï Principle Components Analysis of nucleolus, nucleus and cytoplasm in immersion conditions A. 

Calu-1 cell line: Cytoplasm    Nucleus     Nucleolus     B. Calu-1 differentiating PC loadings C. A549 

differentiating PC loadings [1] 
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Mid-infrared spectroscopy has now been used within clinical chemistry for many decades, 

while in the beginning the analysis of urinary and gall stones in combination with the KBr-

pellet technique had been the first established application. Spectral libraries were used for 

compound identification. Later also microscopy was added for elucidation of the disease 

history. For medical diagnostics based on multiple analytes, whole blood and derived body 

fluids such as plasma, serum and dialysates, as well as urine, have been analysed by us reagent-

free. Here, statistical calibration models such as PCR (principal component regression) or PLS 

(partial least squares) were very successful in the majority of cases, for which appropriate 

outlier diagnostics were also calculated. Spectral variable selection was also optimised for 

robust calibration modeling, with a small number of variables similar to multiple linear 

regression models. Our suggested approach looked at the structure of the PLS regression vector 

and the pairwise selection of respective minima and maxima, weighted accordingly to the 

magnitude of the extreme value variables and with largest ones first selected. We also tested 

the impact of pharmaceuticals at concentrations in blood as reached with prescribed doses. The 

goal is a laboratory analyser for clinical chemistry. In this context, dry-film preparations 

robotically prepared on multi-well titer plates (MTP) were analysed in transmission aiming at 

high-throughput applications. The field of disease pattern recognition has been widened and 

worked out for urinary bladder cancer detection using pattern recognition and classification 

methods such as linear discriminant analysis or random forests [1]. 

Another important application is continuous patient monitoring under intensive care conditions. 

For this glucose, besides lactate and others, is one of the most important parameters [2,3]. We 

use the combination of microdialysis and infrared spectroscopy, where we have PLS and 

classical least squares (CLS) calibration implemented. The chemical complexity of dialysates 

is less than for whole blood, plasma or serum, as large molecules such as proteins or cellular 

components can be removed. In combination with chemical markers for dialysis recovery, we 

are able to predict whole blood concentrations accurately over several days without the need 

for changing the dialysis equipment. The use of extended cavity quantum cascade lasers (EC-

QCLs) [4] for replacing conventional FTIR-spectrometers creates further challenges concerning 

the available spectral range for multi-analyte monitoring, which will be discussed in detail.  
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Photodynamic therapy (PDT) is clinically approved to treat solid tumors. It is based on the 

combination of light with a drug absorbing that light (i. e., a photosensitizer) and molecular 

oxygen, to generate reactive oxygen species (ROS: singlet oxygen, superoxide ion, hydrogen 

peroxide, hydroxyl radical) that are cytotoxic [1]. The photodynamic efficacy of a 

photosensitizer depends on its ability to strongly absorb light in the near infrared, where human 

tissues are more transparent, and use that light to generate ROS. Additionally, the efficacy of a 

photosensitizer is related to its subcellular localization, because ROS are short-lived species 

that diffuse very little before reacting with biological molecules. 

Bacteriochlorins (Figure 1) offer new hope for the development of efficient PDT treatments 

because they have strong near-infrared absorptions and efficiently generate ROS. Structural 

changes in bacteriochlorins allow for the control of their photostability, of the nature of the ROS 

generated and of their subcellular localization, as well as for the control of other parameters 

relevant to therapy, such as biodistribution and pharmacokinetics [2-5]. This work unveils 

relations between the molecular structure and spectroscopy of bacteriochlorins and their 

efficacy in PDT, and offers a view from the design of bacteriochlorins based on such relations 

to their introduction in the clinic. 

 

 
Figure 1 ï Bacteriochlorins used as photosensitizers in PDT. 
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Occasionally one is faced with the question: ñIs there a future for molecular spectroscopy and 

for the various meetings dedicated to it like EUCMOSò. My answer is an unqualified ñYesò. 

Molecular spectroscopy is a relatively young discipline which came into its own only in the 

middle of the last century, spurred by the influential work of Gerhard Herzberg whose trilogy 

ñMolecular Spectra and Molecular Structureò is frequently referred to as the ñBibleò of 

molecular spectroscopy. Since then a number of key scientific, technological and conceptual 

discoveries have catapulted molecular spectroscopy to where it is today. Significant leaps 

forward include the arrival of the laser, the exploitation of Fourier transform and resonance 

methods, the introduction of time and space resolved spectroscopies or the advent of surface-, 

metal- and tip-enhanced spectroscopies, to mention only a few.  

As we consult the notorious crystal ball for predicting the future of molecular spectroscopy we 

need to distinguish between (i) the near or immediate future and (ii) the far or remote future. 

The former might encompass a further miniaturization of the instrumentation and the adaptation 

of new advances achieved in other fields of human endeavour; certainly molecular spectroscopy 

will become even more interdisciplinary as it penetrates all areas of human activity. However, 

in order to foresee or foretell the far future of molecular spectroscopy one must take a huge leap 

in faith. Are there limitations to our knowledge, boundaries beyond which we shall be unable 

to go? The history of science is full of developments in which such boundaries have been 

broken. Accordingly, I intend to go out on a limb and invoke some of the emerging new forces 

such as the recently detected gravitational waves or the still enigmatic dark energy. The intent 

of my presentation is to stir up the pot and encourage ñout-of-the-boxò reasoning. 
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The excited state properties of Eu(phen)2(NO3)3 complex (phen=1,10-phenanthroline) were 

studied using ground state DFT and excited state TD-DFT calculations in combination with 

Sparkle/RM1, Judd-Ofelt and Maltaôs approximations. The study included calculations of the 

vertical excitation energies, relaxation/optimization of the first singlet and triplet excited states 

(S1, T1), examination of their character, prediction of the excited state energy transitions and 

competitive radiative processes. Deeper understanding of the photoluminescence process for 

Eu(III) complex was achieved by calculations of ligand-to-Eu(III) intramolecular energy 

transfer and back-transfer rates as well as of the quantum efficiency and quantum yield of the 

Eu(III) emission applying the Luminescent Package LUMPAC. The validation of the combined 

approach used for description of the antenna phen chromophore and its complex with 

europium(III) was based on comparison with the experimental absorption and emission spectra 

of phen, Eu(phen)2(NO3)3 and Gd(phen)2(NO3)3. The most probable channel of the energy 

transfer involves transition between the lowest energy triplet state (T1) of phen ligand and the 
5D0 level of Eu(III). The predicted luminescent quantum yield is of 32 %. 

 

 
Figure 1 ï Excitation, emission, transition energies (in eV) and luminescent properties of Eu(phen)2(NO3)3.  
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Diketopyrrolopyrrole (DPP) and azo dyes are widely used in photonic technology due to their 

photosensitivity. Here, we present the synthesis of three novel azo diketopyrrolopyrrole (Azo-

DPP) dyes in order to investigate their spectral and photophysical properties. The molecular 

geometry was optimized by DFT/B3LYP hybrid functional combined with the standard 6-

31+G(d,p) basis set for trans (E) and cis (Z) isomers. The thermodynamic parameters such as 

total electronic energy E(RB3LYP), enthalpy H298, free Gibbs energy G298 and dipole moment 

ɛ were computed for trans (E) and cis (Z) isomers in order to estimate the ȹEtransŸcis, ȹɛtransŸcis, 

ȹHtransŸcis, ȹGtransŸcis and ȹStransŸcis values. The introduction of electron withdrawing (EW) or 

electron donating (ED) substituents on phenylazo fragments was to obtain unsymmetrical 

electron ("push-pull") distribution on the molecular backbone of Azo DPP dyes (Fig. 1). 

 

 
Figure 1 ï Structure of the Azo-DPP dyes with different EW and ED groups. 

 

The dynamic photoisomerization experiments have been performed in DMF solution with UV-

irradiation ɚ = 355 nm (for EŸZ conversion) and white light 400-800 nm (for ZŸE conversion) 

in the spectral region 300 - 800 nm at equal concentrations and times of illumination in order 

to investigate the of transŸcisŸtrans isomerization kinetics of the dyes. The fluorescence 

spectra were also done to estimate absorption and emission properties of trans (E) and cis (Z) 

isomers. 
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Sulfenimides (thiophthalimides) are used various industrial, agrochemical and medicinal 

applications. In here, we report a theoretical study on molecular structure, vibrational 

frequencies, molecular electrostatic potential and frontier molecular orbital energies of the title 

crystal. The theoretical geometrical parameters in the ground state have been calculated by 

using the density functional methods (B3LYP) with 6-311G(d,p) basis set. Also natural bond 

orbital (NBO) analysis was applied to investigate the stability of the molecule arising from 

charge delocalization. Global and local reactivity descriptors were also computed to predict 

reactivity and reactive sites on the molecule [1,2]. 

 

 
Figure 1 ï The theoretical geometric structure of title compound. 
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Ethanimine is a molecule of interest in the field of prebiotic chemistry, because of its plausible 

role in the formation of alanine (one of the twenty amino acids in the genetic code) [1-3]. It can 

be found with abundance in the hot cores of interstellar medium clouds, such as the Sagittarius 

B2 cloud (Sgr B2) [1], were both isomers (E and Z) have been identified. 

The infrared (IR) spectra is a fingerprint of a molecule and plays an essential role on retrieving 

the chemical composition of planetary spheres. Thus, the thorough knowledge of the 

spectroscopic properties of astrochemical species like ethanimine is a fundamental prerequisite 

for the fruitful interpretation of astronomical observational data retrieved by either ground-

based observatories and spectrometers on board satellites or airborne. Recently, an accurate 

characterization of the molecular structure of E- and Z-ethanimine as well as of its spectroscopic 

properties have been carried out for what concerns the IR and rotational spectra of the main 

isotopic species [4]. In the present contribution, we extended the work investigating, by means 

of the state-of-art of computational methods, fundamental IR transitions, overtones and 

combination bands of both E and Z isomers of ethanimine (CH3CHNH) and deuterated 

ethanimine (CD3CDND). The predicted IR spectra are used to re-investigate the experimental 

data recorded in argon matrix by Stolkin et al. [5]. Finally, we are also investigating the IR 

spectra of two other isotopic species (CH3CH15NH and CH3
13CHNH), however the available 

spectra were recorded in low-resolution gas-phase IR, where only the strongest fundamental 

bands were observed [6]. 
 

                              

    
Figure 1 ï Structure of E-ethanimine (left-side) and Z-ethanimine (right-side). 
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The aim of this work is the conformational study and interpretation of vibrational and NMR 

spectra of the title compound H5C3-NH-CH=C(COCH3)2 (CPAMP). It belongs to the  

so-called push-pull olefines which are often used as starting reactants or intermediates in many 

organic syntheses. The high polar character of push-pull ethylenes and the electronic 

interactions between substituents are responsible for their non-linear optical properties. The 

electron donor cyclopropylamino group in the investigated compound has a special influence 

on its conformational equilibria due to the possibility to create an intramolecular hydrogen 

bond. 

CPAMP can theoretically exist in eight EZa, EZs, EEa, EEs, ZEa, ZEs, ZZa and ZZs 

conformations where the first and second letters express the orientation of the carbonyl oxygen 

to the C=C bond for trans and cis acetyl group, respectively, and the conformational possibility 

due to the anti and syn orientation of the cyclopropylamino group to the C=C bond is denoted 

by the third letter. This work contains theoretical calculations and X-ray, vibrational and NMR 

study as well. X-ray study revealed EZa conformer in solid state. In the IR and Raman spectra 

in very polar solvents only one conformer is present but in less polar solvents the second one is 

observed. MP2 and DFT calculations in different basis sets predict for CPAMP the conformer 

with EZ orientation of both acetyl groups as the most stable one followed by the ZZ one (Table 

1) and with anti orientation of cyclopropylamino group. It has been shown that the conformers 

with E orientations of both acetyl groups are not the stable ones. These observations are 

explained by the influence of environment polarity on the conformational equilibrium and are 

discussed with respect to the SCRF solvent effect calculations using PCM model. 

 
Table 1 ï MP2/cc-pVTZ and B3LYP/cc-pVTZ calculated ab initio relative energies æE and dipole moments µ 

of CPAMP conformers in vacuum (n ï not found) 

CPAMP (MP2) EZa EZs EEa EEs ZEa ZEs ZZa ZZs 

æE (kJ/mol) 0.00 35.87 n n 36.53 40.04 10.03 40.64 

µ (D) 5.19 5.43   5.92 4.97 1.94 2.87 

CPAMP (B3LYP) EZa EZs EEa EEs ZEa ZEs ZZa ZZs 

æE (kJ/mol) 0.00 46.90 69.42x n 35.38 53.59 8.20 50.11 

µ (D) 5.46 5.71 7.89x  6.34 5.37 1.91 2.91 
xvalues obtainable only using cc-pVDZ basis set 
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Poly(vinyl chloride) (PVC) has a poor heat stability. The degradation is thermostatically 

occurred by dehydrochlorination in the polymer chains so that inorganic or organic thermal 

stabilizers are commonly used for protect the polymer from heat degradation [1]. Barbiturate is 

also known plastic additives which is nontoxic organic, thermally stable materials of high 

melting point. Especially, barbiturate can act as H-donor through their enolic hydrogen groups, 

which can intervene with the radical species derived from the thermal degradation of PVC [1]. 

In this study, the new tetramer single crystal structure of barbiturate has been synthesized. Then, 

its structure was analyzed by elemental analysis, single crystal X-ray diffraction, PXRD pattern 

and vibrational spectroscopic (FT-IR and Raman) techniques (Figures 1 and 2). Additionally, 

the geometries of monomer and dimer forms of barbiturate ligand, and the geometry of the 

synthesized new single crystal structure of barbiturate were optimized by density functional 

theory (DFT-B3LYP) methods with LANL2DZ basis set. Furthermore, the optimized 

geometric parameters, normal mode frequencies and corresponding vibrational assignments of 

the molecules have been determined via same method and basis set. Moreover, reliable 

vibrational assignments have been made on the basis of potential energy distribution (PED). 

Regression equations have been obtained in order to show the good agreement between the 

experimental and theoretical vibration modes. These equations are obtained as y = 0.9954x + 

7.8131 R²; R² = 0.9995. The results were shown that a good agreement was observed between 

obtained theoretical and experimental data. 

 

 
 

Figure 1 ï The molecular structure of the 

new tetramer barbiturate molecule. 

Figure 2 ï PXRD patern of the molecule. 
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The conformational landscape of naturally occurring biomolecules is of particular interest 

because it determines their functional specificity in view of the structure ï property relationship 

[1]. In this respect, investigations under isolation conditions are of foremost chemical 

significance, because they allow avoiding the competition between intra- and inter-molecular 

interactions in tuning the overall conformational behaviour. Under this point of view, rotational 

spectroscopy is an excellent tool for retrieving the structure of molecules in the gas phase. 

However, in many cases and especially for biomolecules, the support of quantum-chemical 

(QC) calculations is fundamental for guiding experiment and interpreting the acquired spectra. 

In fact, by comparing the rotational spectra recorded experimentally with theoretical results, it 

is possible to make an initial assignment of the rotational transitions in terms of rotational 

quantum numbers. Furthermore, a complex conformational mixture often characterizes the 

spectra of biochemical molecules: in such cases, QC calculations represent the most effective 

way to investigate the conformational landscape ruling the observed spectroscopic behaviour. 

Creatinine is a breakdown product of creatine phosphate in muscles and high levels of 

this molecule in blood are usually associated to severe liver diseases. In this work, QC 

calculations are performed in order to identify the relevant stationary points on the potential 

energy surface (PES) of creatinine, i.e., the minima and the corresponding connecting transition 

states, and to determine their structural and energetic properties. For the minima, spectroscopic 

parameters relevant to rotational spectroscopy are determined. Structural and spectroscopic data 

are evaluated by using density functional theory (DFT). In particular, the B3LYP and B2PLYP 

functionals augmented by the DFT-D3 [2] dispersion corrections are employed in conjunction 

with the SNSD [3] and m-aug-cc-pVTZ-dH [4,5] basis sets. Accurate electronic energies are 

then computed using a composite scheme based on the CCSD(T) method and taking into 

account extrapolation to the complete basis set limit and core-valence effects. 
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Time dependent density functional theory calculations and the Marcus theory of electron 

transfer (ET) were applied on the molecular photocatalyst [1] [(tbbpy)2Ru(tpphz)PdCl2]
2+ in 

order to elucidate the light-induced relaxation pathways populated upon excitation in the visible 

region. The dependency of the catalytic efficiency on the excitation wavelength [2] leads to the 

question of how the nature of the initially populated excited states affects the subsequent ET 

processes and ultimately the generation of hydrogen. This contribution investigates the situation 

of a direct excitation into a metal (Ru) to ligand charge transfer (MLCT) singlet state localized 

on the tpphz part of the complex. The computational results show that after the initial excitation, 

MLCT triplet states are energetically accessible, but that an ET toward the catalytic center 

(PdCl2) from these states is a slow process, with estimated time constants above 1 ns. Instead, 

the calculations predict that low-lying Pd-centered states - describing an energy transfer toward 

the catalytic center - are efficiently populated. Thus, it is postulated that these states lead to the 

dissociation of a Cl- ion and are consequently responsible for the experimentally observed 

degradation of the catalytic center [3,4]. Following dissociation, it is shown that the ET rates 

from the MLCT states to the charge separated states are significantly increased (i.e. 105-106 

times larger). This demonstrates that alteration of the catalytic center is required to generate 

efficient charge separation. 
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Acetic acid is one of the simplest organic acids with considerable importance in chemistry. 

Molecular association in liquid acetic acid has been a subject of extensive investigations using 

diffraction techniques, spectroscopic measurements and computational methods. Neutron 

diffraction data suggest that cyclic dimer clusters yield a good description of the liquid structure 

on the molecular level. In contrast, molecular dynamics simulations show that acetic acid 

molecules prefer to form chain-like structures linked via hydrogen-bonding (HB). Similar 

results have been deduced using large-angle X-ray scattering. Raman spectroscopy and ab-initio 

calculations also lead to the conclusion that acetic acid molecules form a chain structure [1].  
The 1H NMR measurements of acetic acid and cyclohexane binary solutions showed a very 

interesting non-monotonic evolution of the chemical shift of the acidic proton with the changing 

concentration of the components [2]. This evolution clearly reflects the peculiarities of the 

association of acetic acid in these systems, which until now have not been thoroughly studied. 

The formation of acetic acid dimers or higher order associates and the change in the cis-trans 

conformational equilibrium are only some of the processes at the molecular level that could 

influence the measured NMR spectral parameters.  
In order to explain these NMR results, we performed MD simulations of acetic/acid 

cyclohexane binary solutions. Three molecular systems were considered: pure acetic acid 

involving only the trans conformers, acetic acid monomer and cyclic dimer dissolved in 

cyclohexane. MD simulations were performed using OPLS-AA and GAFF force fields by 

utilizing Molsim program. Analysis of the radial distribution functions of the liquid acetic acid 

does not allow for unambiguous identification of the predominant molecular associates in the 

liquid state. We have thus performed careful geometrical analysis of the recorded trajectories 

which shows that cyclic dimers and trimers as well as chain-like structures are all formed in the 

liquid acetic acid. We have quantified the percentage of all these aggregates.  
We also have performed calculations of the 1H NMR chemical shift of the acidic proton by 

using the combined quantum mechanics/molecular mechanics (QM/MM) method. Our results 

reproduce experimental data very well and allow explaining the experimentally observed 

evolution of the chemical shift of the acidic proton with the changing concentration of the binary 

solution. The peak in the chemical shift is observed when cyclic dimers of the acetic acid are 

predominant in the binary solution. However, in pure acetic acid other types of aggregates are 

also formed leading to the increased shielding of the acidic proton by around 0.5 ppm. These 

experimental results are very well reproduced by our QM/MM calculations. 
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Temperature dependences of the frequencies for the Raman modes of ɜ (NH2), ɜs (CH3), ɜ1 

(HCOO-), ɜ5 (CVNN) and IR mode of ɟ (NH2) are calculated close to the phase transition 

temperature (TC=218 K) in CH3NH2NH2M(HCOO)3(MHyM) with M=Mn, Mg, Fe and Zn. By 

assuming the Raman and infrared frequencies as the order parameter, this calculation is 

performed from the molecular field theory by using the experimental data from the literature.  

We also calculate the damping constant (FWHM) from the order parameter (Raman and IR 

frequency of those modes) by using the pseudospin (MHy+ cations)-phonon coupled model (PS) 

and the energy-fluctuation model (EF) for methylhyrazinium metal formate frameworks. 

Expressions of the damping constant from both models are fitted to the observed FWHM data 

for the Raman and infrared modes studied for these metal formates. 

Our results show that the anomalous behavior of the Raman ɜ2 (NH2) and IR ɟ (NH2) mode 

frequencies in particular, and also the Raman frequencies of the ɜ1 (HCOO-) and ɜs (CNN) 

modes, which are associated with the phase transition, can be described adequately by the 

molecular field theory in MHyM, as observed experimentally. Also, the damping constant 

calculated from the PS and EF models can explain the observed FWHM of those Raman and 

IR modes in methylhydrazinium metal formate frameworks. 
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The cyanide-bridged complexes with 1,2-dimethylimidazole, [M(dmi)2Ni(m-CN)4]n (dmi = 

dimethylimidazole; M(II) = Cu, Zn or Cd), was experimentally investigated by FT-IR, Raman 

spectroscopy and X-ray single crystal diffraction analysis in our previous study [1]. In this 

study, the molecular geometry and vibrational frequencies of the complexes in the ground state 

have been calculated by using DFT-B3LYP and DFT-B3PW91 with LANL2DZ basis set. A 

good correlation was found via comparison of the experimental and theoretical vibrational 

frequencies of the complexes. The complexes have been studied in the 4000-250 cm-1 region 

and assignments of all the observed bands were made. The analysis of the FT-IR and Raman 

spectra indicates that there are some structure-spectra correlations. 

 

 

  

(a) (b) (c) 

Figure 1 ï Optimized molecular geometry of [M(dmi)2Ni(m-CN)4]n (M = Cu(II) (a), Zn (II) (b), Cd(II) (c)). 
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The homonuclear cyanide-complex of the type: [Ni(etim)4Ni(ɛ-CN)2(CN)2]n was 

experimentally investigated by FT-IR, Raman spectroscopy and X-ray single crystal diffraction 

analysis in our previous study [1,2]. In this study, the molecular geometry and vibrational 

frequencies of the complex in the ground state have been calculated by using DFT-B3LYP and 

DFT-B3PW91 with LANL2DZ basis set. A good correlation was found via comparison of the 

experimental and theoretical vibrational frequencies of the complex. The analysis of the FT-IR 

and Raman spectra indicates that there are some structure spectra correlations. 

 

   
                               (a)                                                                       (b) 

Figure 1 ï Molecular model and optimized structure (a) and experimental schema (b) of the complex. 
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The coordinative bonding interaction involving glycine ligand with three randomly, selected 

transition metals ions titanium, chromium and nickel is analysed using standard perturbation 

principles. The experimental measurements are achieved by accurately determining the spectral 

shifts or magnitudes of perturbations extracted from the corresponding uv-visible spectra of the 

solution complexes. The observed spectral shifts are interpreted as perturbations on the 

appropriate excited electronic state of the transition metal ion while the immediate excited but 

unperturbed states and the ground state facilitate the redistribution of the perturbation energy 

within the transition metal ion electronic energy states.  A plot of the observed spectral shifts 

or magnitudes of perturbations against the computed intensities of perturbation (IP), where IP 

= {İ ×i(miei
2)} -1 (with mi  and ei denoting the molality of the interacting species in solution and 

their corresponding g or j Jorgensen parameters, respectively) allows for the determination of a 

polynomial functional representing the perturbation profile of the octahedral transition metal 

ion by successive glycine ligands. A break up of the functional into its perturbation tuning 

parameter components ɚn where n is the order of perturbation correction on the energy of the 

bare transition metal ion, gives the relative magnitudes of the components of the perturbation 

tuning parameters lambda, and therefore insight into the detailed mechanism of the transition 

metals electronic energy redistribution to accommodate coordinative bonding interaction with 

a glycine ligand. DFT calculated glycine ligand perturbations on the transition metal ion are 

conducted and compared with experimental data with somewhat encouraging results. 

 

ɜn = ɜn
(0)  + ɚ ɜnn

(1) + ɚ2 ɜnm
(2 + é, 

 

where ɜn is the observed d-d electronic transition frequency, ɜn
(0) is the transition frequency in 

the absence of any ligand perturbation and ɚ ɜnn
(1) , ɚ2 ɜnm

(2 + are the first and second order terms 

in the perturbation expression. 
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Supramolecular host-guest chemistry has attracted the growing attention of numerous 

researches over the past decades. The lariat ethers, the crown ethers having a side arm attached 

to the macrocycic system, were found to display very interesting cation-binding properties [1]. 

In this work a complexation of some alkali and doubly-charged alkaline earth metal cations 

with PNP-lariat ethers [N3P3R4O(CH2CH2O)4] (R=H (1), NMe2 (2), NC(NMe2)2 (3)) in the gas 

phase has been studied by the DFT B3LYP/6-311+G(3df,2p)//B3LYP/6-31+G(d,p) quantum 

chemical method. The obtained computational results indicate that these ligand structures act 

as efficient and very selective scavengers of Li+, Na+, K+, Be2+, Mg2+ and Ca2+ cations, 

exhibiting gas phase cation affinities in a wide range of 64.2 ï 496.1 kcal mol-1. The cation 

affinity of the hosts has been found to be significantly amplified by attaching the electron-

donating group to the P3N3 ring. The Bader's topological analysis of the electron density 

distribution function has been preformed for the studied complexes with the aim to gain more 

insight into their bonding properties. It was found that the coordination bonds of the s-block 

metal centers with the N/O atoms in the studied complexes possess the predominantly ionic 

character, except those of Be2+ metal cations with the N atoms that coorespond to the 

intermediate type of interactions. The charge donation from the PNP-lariat ether to the metal 

cation was established from the orbital population analysis. The amount of charge transfered 

from the host to the metal cation has found to be particularly significant in the complexes with 

alkaline earth metal cations. The structural features of considered PNP-lariat ethers complexes 
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Figure 1 ï Structural formula of macrocyclic systems 1 ï 3. 

 

are provided and will be discussed. The calculated IR and UV-VIS absorption spectra of the 

selected complexes will be presented. 
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Formic acid (HCOOH) dimers are studied by infrared spectroscopy in a nitrogen matrix and ab 

initio calculations. The lifetime of the high-energy cis-FA in a nitrogen matrix is very long (~11 

h) compared with other noble-gas matrices [1]. Due to this stabilization, a large proportion of 

the cis conformer can be produced by vibrational excitation of the lower-energy (trans) 

conformer. Three trans-trans, four trans-cis, and three cis-cis dimers are found in the 

experiments. The cis-cis dimers of formic acid are reported for the first time. Several 

conformational processes are obtained using selective excitation by infrared light, some of them 

also for the first time. In particular, we report on the formation of cis-cis dimers upon vibrational 

excitation of trans-cis dimers. Tunneling decays of several dimers have been detected in the 

dark. The tunneling decay of cis-cis dimers of formic acid as well as the stabilization of cis units 

in cis-cis dimers are also observed for the first time. 

 

 
Figure 1 ï Light-induced interconversion between the trans-trans dimer TT2 and the trans-cis dimer TC1 in a 

nitrogen matrix. The difference spectra show the results of excitation at 6848.8 cm-1 (upper spectrum) and 6969.8 

cm-1 (lower spectrum) corresponding to the first overtones of the OH stretching fundamentals at 3509.2 cm-1 (TT2) 

and 3571.1 cm-1 (TC1), respectively. The spectra were measured at 8.9 K.  
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Matrix isolation technique combined with Raman spectroscopy provide a suitable method to 

investigate high overtone induced isomerization and chemistry on the ground electronic states 

of the molecules [1,2]. The high overtone excitations of the matrix isolated molecules can be 

generated by the direct absorption of visible light. The photon energy at 532 nm (18797 cm-1) 

is sufficient to excite fifth overtone manifold of the O-H stretching mode of carboxylic acids.  

Glycolic acid is the smallest Ŭ-hydroxycarbocylic acid containing two OH groups and it is 

capable to form inter- and intramolecular hydrogen bonds. The near-infrared induced 

isomerization of glycolic acid has been carefully studied in low temperature matrices [3]. The 

different near-infrared induced isomerization processes has been found in argon and nitrogen 

matrices, thus the interaction between glycolic acid and its neighbouring species plays a 

significant role in the photo-induced isomerization.  

In the present investigation, we have studied the high overtone induced isomerization of the 

complex between glycolic acid and nitrogen in argon matrix. The isomerization kinetics of the 

complexes will be compared with the isomerization kinetics of glycolic acid and the results will 

be presented. The Raman spectrum of the complexes between the different glycolic acid 

conformers and nitrogen will also be presented.  
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Acetylsalicylic acid (ASA, more commonly known as aspirin) is a non-steroidal anti-

inflammatory drug which has been widely used for over 100 years. The molecule itself is an 

aromatic compound with carboxy and ester groups at the ortho positions. Matrix isolation 

experiments have been previously performed with salicylic acid (SA) but not with ASA [1]. As 

the vapor pressure of ASA is too low to make the mixture at room temperature it was heated to 

between 60 oC and 110 oC, searching for the optimal temperature since thermal decomposition 

occurs by elimination of acetic acid and evaporation of both SA and ASA [2].  

 

 
Figure 1. (a) ASA in argon matrix after deposition and (b) heated to 40K, (c) calculated spectrum 

(B3LYP/6311++G(3df,3pd)), (d) ATR spectrum, *acetic acid ɜC=O band. 

 

The best results seem to be obtained by heating the sample to 70 oC (figure 1) even if we still 

have some amount of acetic acid. The clearest region for the comparison of two molecules is 

between 1800 cm-1 and 1650 cm-1 where we can observe C=O stretching vibrations. Acetic acid 

has a band at 1778 cm-1 for its one and only C=O group while ASA has two at 1752 cm-1 and 

1705 cm-1. The difference corresponds well to the theoretically calculated values of C=O 

stretching vibrations (1828 cm-1 in ester group and 1780 cm-1 in carboxy group). Upon heating 

the deposited sample to 40 K, we can observe splitting of certain bands which does not 

disappear after cooling the sample back to 10 Ⱦ. This effect could possibly be due to molecular 

complex formation with water or conformational changes.  
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Tetrazole derivatives have drawn attention of chemists due to their diverse practical applications 

as environmentally friendly energetic materials and valuable ligands in coordination chemistry 

forming new topologies and exhibiting interesting properties such as spin-crossover 

phenomena. However, the most spectacular are applications of tetrazoles in medicine and 

pharmacy. Many of the medicinal applications of tetrazole derivatives originate from the 

properties of the tetrazolic acid fragment CN4H. It has similar acidity to the carboxylic group, 

is almost allosteric with it, but is metabolically more stable. Hence, the COOH groups are often 

replaced by the CN4H fragments in biologically active molecules and the tetrazole ring is found 

in drugs or potent medicines with diverse pharmacological activity. 

From the fundamental point of view, tetrazole derivatives have been found to be challenging 

molecules due to their interesting structures (tautomers/conformers) and usually rich 

photochemistry that strongly depend on the specific substituents attached to the ring [1-3]. 

In this contribution, the molecular structure and photochemistry of 3-(tetrazol-5-yl)aniline (TA) 

were studied in argon and nitrogen matrices by infrared spectroscopy and B3LYP/6-

311++G(2d,2p) calculations. TA exists in two tautomeric forms: 1H and 2H. The infrared 

spectra of TA/Ar and TA/N2 show that only 2H-tautomer is present in low temperature matrices.  

Phototransformations of the monomeric TA isolated low-temperature matrices were induced by 

narrow-band UV radiation from the OPO laser system. The monochromatic radiation of the 335 

nm wavelength led to the decomposition of the studied compound. The obtained results indicate 

that the tetrazole ring cleavage and nitrogen elimination take place in the matrices leading to 

the N-(3-aminophenyl)carbodiimide and (3-aminophenyl)cyanamide formation. 
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Hydroxamic acids (RCONHOH) exhibit a wide spectrum of biological activities that stimulated 

progress in the chemistry of this class of compounds. They are known to be involved in iron 

transport phenomena, and are active as antibiotics, antitumor and antifungal agents, and specific 

enzyme inhibitors [1]. Extensive work has been carried out on the formation of hydroxamic 

acids, their reactions and structure in the ground state. However, the photochemical properties 

of hydroxamic acids are still not well recognized. The knowledge of the excited-state behaviour 

of hydroxamic acids is very important as many of these compounds, on exposure to sunlight, 

may be transformed to intermediates and photoproducts that are more toxic than parent 

compounds. According to the literature, photoirradiation of this class of compounds may lead 

to the initial photolytic scission of the N-O bond or to the acylaminoxyl radical generation [2].  

The literature reports on the structural properties of acetohydroxamic acid (AHA) inform that 

the stability of different conformers of AHA is strongly dependent on the environment. The 

studies on the tautomeric and structural properties of acetohydroxamic acid showed that AHA 

trapped from the gas phase into solid argon exists in the matrix predominantly as the 1Z keto 

isomer with intramolecular hydrogen bond. The 1E keto form is also present in equilibrium 

with the 1Z keto one, however its population is low with respect to the 1Z keto isomer [3].  

The importance of the AHA molecule for pharmaceutical applications triggers questions about 

the influence of UV-VIS irradiation on the structure and photochemical properties of AHA. The 

performed irradiation of acetohydroxamic acid isolated in argon matrices with full output of a 

Xe arc lamp or to 225 nm OPO radiation promotes the isomerization, 1Z Ÿ 1E, and AHA 

photodissociation reactions [4]. Four pairs of coproducts are experimentally found in the 

photolysis, they form the complexes: CH3OHÖÖÖHNCO (1), H2OÖÖÖCH3NCO (2), H2OÖÖÖCH3CNO 

(3) and COÖÖÖCH3NHOH (4). The structures of the complexes were optimized at the MP2 

computational level with the aug-cc-pVTZ basis set. Three local minima were predicted for the 

complex (1), two for the complexes (2) and (3) and four local minima were found for the 

complex (4). The comparison of the theoretical spectra with the experimental ones allowed to 

determine the structures of the complexes formed in the matrix. The mechanisms of the reaction 

channels leading to formation of the four co-products are proposed. It is concluded that the first 

step in formation of the (1), (2) and (3) complexes is the scission of the N-O bond, whereas the 

creation of the complex (4) is due to the cleavage of the C-N bond. 
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In this work, 2-amino-5-chlorobenzoic acid (AClBA) was studied by matrix isolation 

spectroscopy in argon matrix at 15 K. The molecule has four different conformers, differing by 

internal rotation about the CïC and CïO bonds. The lowest energy form (O=C-C-C dihedral 

angle of 0o) was experimentally observed in the IR spectra of the as-deposited AClBA matrices. 

UV irradiation at l > 234 nm of the matrix-isolated compound was found to lead to conversion 

of this conformer into the other conformers and also to decarboxylation of the compound, with 

production of CO2 and 2-amino-5-chlorobenzene (AClB), whose vibrational signatures could 

be identified in the spectra of the photolysed matrix.  

The analysis of the experimental data on matrix isolated AClBA was supported by extensive 

quantum chemical calculations. 

 

 
 DEZPV= 0.0  DEZPV = 12.3 DEZPV = 29.1 DEZPV = 38.0 

 
Figure 1 ς Conformers of AClBA. Conformer I corresponds to the lowest energy form. 

(Relative energies are given in kJ mol-1). 
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Weak interactions are important for understanding properties of matter including gas phase, 

liquid and solid state [1,2]. Many physical and chemical processes are governed by non-

covalent interactions characterized by binding energy typically less than 80 kJ molī1. Molecular 

complexes are considered to contribute into gas-phase chemistry of interstellar media and 

planetary atmospheres [3,4]. Isothiocyanic acid (HNCS) and isocyanic acid (HNCO) are well 

known as interstellar molecules and were detected in the rich molecular cloud Sagittarius B2 

(Sgr B2) [5,6].  

In this contribution, we present results of theoretical and experimental studies of complexes 

formed by HNCS [7] and HNCO with sulfur dioxide. As the main experimental method matrix 

isolation (MI) combined with the infrared spectroscopy (FTIR) was used. MI-FTIR is an 

established technique for studying weak molecular complexes providing valuable spectroscopic 

and structural information. Data obtained for the complex isolated in low temperature inert 

matrix are the best available approach to the complex in the gas phase. The experimental studies 

are supported by theoretical calculations at the MP2 and B3LYPD3 levels with the  

6-311++G(3df,3pd) basis set. 

Five different structures of the 1:1 stoichiometry were optimized for both HNCSỄSO2 and 

HNCOỄSO2 systems. Three of them involve a weak N-HỄO hydrogen bond whereas two other 

geometries are stabilized by van der Waals interactions of various types. The HNCS/SO2/Ar 

and HNCO/SO2/Ar spectra analysis evidences that at least one of the three hydrogen bonded 

structures is present in freshly deposited matrices. Changes observed in the spectra upon 

annealing of the matrices are discussed as well. 

 

References 

 
1. Y. Cheng, Y. Qi, Y. Tang, Ch. Zheng, Y. Wan, W. Huang and R. Chen, J. Phys. Chem. Lett., 7 (2016) 3609. 

2. M. T. Rodgers and P. B. Armentrout, Chem. Rev., 116 (2016) 5642. 

3. A. A. Vigasin and Z. Slanina (Eds.), Molecular Complexes in Earth's, Planetary, Cometary, and Interstellar 

Atmospheres, World Scientific Publishing Co. Pte. Ltd., Singapore, 1998. 

4. V. Vaida, J. Chem. Phys., 135 (2011) 020901. 

5. L. E. Snyder and D. Buhl, Astrophys. J., 177 (1972) 619. 

6. M. A. Frerking, R. A. Linke and P. Thaddeus, Astrophys. J., 234 (1979) L143. 

7. J. Krupa and M. Wierzejewska, Spectrochim. Acta A, 183 (2017) 144. 

 
Acknowledgements: The research was supported by the National Science Centre Project No. 

2013/11/B/ST4/00500. A grant of computer time from the Wroclaw Center for Networking and 

Supercomputing is gratefully acknowledged. 
 

  

 P 
2.7 



 

  

154 EUCMOS 2018  

 

 

FTIR, DFT and MP2 Studies on Glycolic Acid Nitrogen Complexes 
 

Iwona Kosendiaka, Jussi Ahokasb, Justyna Krupaa, Jan Lundellb and Maria Wierzejewskaa 
a Faculty of Chemistry, F. Joliot-Curie 14, 50-383 Wrocğaw, Uniwersity of Wrocğaw, Poland 

b University of Jyväskylä, Department of Chemistry, FI-40014 Jyväskylä, Finland  

iwona.kosendiak@chem.uni.wroc.pl 
 

Glycolic acid (hydroxyacetic acid, GA) is the primary representant of the Ŭ-hydroxy carboxylic 

acids. GA monomeric structures and their occurrence in the gas phase have been already 

described by means of quantum mechanical calculations and matrix isolation technique coupled 

with infrared spectroscopy. Three most stable conformers (SSC, GAC and AAT) were 

identified in argon matrix after deposition [1-3]. 

In this contribution the molecular structure of GA complexes with nitrogen have been studied 

in low temperature argon matrices by means of FTIR spectroscopy and theoretically at the 

MP2/6-311++G(2d,2p) and DFT B3LYP/6-311++G(2d,2p) levels. The calculations carried out 

for the nitrogen complexes of SSC, GAC, AAT monomers revealed presence of 9 and 11 stable 

structures for GA:N2 1:1 and 1:2 ratio, respectively. In all these minima N2 is joined to 

monomers by the O-HéN or C-HéN hydrogen bonds. Analysis of the obtained spectra and 

wavenumber shifts of GA modes compared to the theoretical predictions allowed to conclude 

which of these structures were present in argon matrices. 
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Dimers of carboxylic acids are classic examples of hydrogen bonded structures. The well-

known cyclic dimer of trans acetic acid (AA), which contains two strong OīHĿĿĿO=C bonds, 

is the lowest energy structure and is prevalent in the gas phase. However, in the crystalline state, 

one strong OīHĿĿĿO=C and one weak CīHĿĿĿO=C bond form between adjacent AA molecules 

resulting in the formation of catemer chains, which link together to form extended structures 

[1]. We aim to gain an insight into the pairing of hydrogen bonds within catemer chains by 

preparing the dimeric repeating unit in liquid helium nanodroplets at ~0.37 K, which we 

subsequently probe using IR depletion spectroscopy [2]. 

Figure 1 shows an IR depletion spectrum that was measured by monitoring the change in ion 

signal detected by a mass spectrometer as the IR wavelength was scanned. The spectrum is 

dominated by three IR features at 3292, 3429 and 3578 cm-1 and these are assigned to bound 

and free OH stretching modes in two metastable dimers of trans AA. The structures of these 

dimers are presented in Fig. 1 and were calculated at the MP2/6-311(2+,2+)G(2d,2p) level of 

theory. The most abundant dimer, which is shown on the left, has the same hydrogen bonding 

motif as the catemer, whilst the dimer on the right looks remarkably similar apart from the 

location of the carboxyl hydrogen on the second AA molecule. 
 

 
Figure 1 ï Experimental IR spectrum for trans acetic acid dimers formed inside helium nanodroplets along with 

calculated structures for the two assigned metastable dimers. 

 

The mechanism by which the two metastable dimers are formed inside helium nandroplets will 

be presented, along with quantitative information on the pairs of hydrogen bonding interactions 

of fundamental importance to the crystalline structure of AA. 
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Proton transfer processes in thiourea isolated in an argon matrix at low temperature are already 

well studied. Irradiating UV light (ɚ < 300 nm) induces an intramolecular proton-transfer 

reaction. The initial isomer of thiourea (I , thione tautomeric form) converts into its thiol 

tautomer with both anti (a-II ) and syn (s-II ) conformations. Keeping this sample at 10 K and 

in darkness the reverse reaction (proton tunneling) takes place, leading to the conversion of  

a-II  into the precursor I . [1,2] Moreover, according to quantum chemical computations, the 

NIR irradiation of a-II should lead to vibrationally activated tunneling to I  or induce an over-

the-barrier transformation to s-II . Therefore, after the generation of a-II , the matrix was 

irradiated at frequencies corresponding to the overtones and combination bands of this isomer 

in order to confirm the theoretical results and to observe the formation of I  and s-II . 

 

 
Figure 1 ï Potential energy surface for the conversion of anti-II  into I  and syn-II . 

 

References 

 
1. H. Rostkowska, L. Lapinski, A. Khvorostov and M. J. Nowak, J. Phys. Chem. A, 107 (2003) 6373.  

2. H. Rostkowska, L. Lapinski and M. J. Nowak, Phys. Chem. Chem. Phys., 20 (2018) 13994. 

 
Acknowledgements: The authors thank the projects PTDC/QEQ-QFI/3284/2014, POCI-01-0145-

FEDER-016617, and POCI-01-0145-FEDER-028973 funded by FCT (Lisbon) and COMPETE 2020-

EU. The CQC is supported by FCT (Project UI0313/QUI/2013), also co-funded by FEDER/COMPETE 

2020-EU. Funding is also acknowledged from the Project ñLaserLab ï Portugal ï Roadmap for the 

Portuguese Scientific Infrastructures of Strategic Interestò (Project 22124, co-funded by the EU-

COMPETE) through the ñPrograma Operacional Regional do Centroò (CENTRO2020). 

  

 P 
2.10 



 

  

EUCMOS 2018 157 

 

Jet-Cooled Laser Induced Fluorescence and Dispersed Fluorescence of 

CHxF3īxCH2O (x=1, 2, 3) Radicals  
 

György Tarczay, Benedek Koncz, G§bor Bazs· and Krist·f HegedŤs 
Institute of Chemistry, Eötvös University, PO Box 32, H-1518, Budapest 112, Hungary 

tarczay@caesar.elte.hu 
 

Hydrofluorocarbons (HFCs) are commonly used as refrigerants, solvents, propellants, and for 

etching in semiconductor industry. Their industrial production largely increased in the late 

1980s, because the Montreal Protocol has phased out the production of chlorofluorocarbons 

(CFCs) that largely contributed to the depletion of Earthôs ozone layer. Although HFCs do not 

have ozone depletion potential (ODP), it has turned out that these compounds can largely 

contribute to the global warming. For example, the compounds of monofluoro ethane (R161), 

1,1-difluoro ethane (R152a), and 1,1,1-triflouro ethane (R143a) have zero ODP, while their 

global warming potentials (GWP, as compared to CO2) are 12, 124, and 4470 [1]. In addition, 

each of these compounds is relatively stable in the atmosphere, especially 1,1,1-triflouro ethane, 

that has an atmospheric lifetime of 40ī52 years [1,2]. Realizing this problem, more than 150 

nations have agreed in 2016 to cut back their HCF use from 2019. Even if their production 

would drastically decrease in the next few years, due to their long atmospheric lifetime, CFCs 

will pollute the atmosphere for decades. 

As hydrocarbons, HFCs decompose in the atmosphere by reacting with hydroxyl radical (OH). 

In the first step of this reaction a fluorohydrocarbon radical is formed (1), which in subsequent 

reactions with O2 and then with NO yields fluorinated alkylperoxy (2), and fluorinated alkoxy 

radicals (3) [3]. Therefore, to understand the details of these atmospheric reactions and to 

monitor these species in the gas phase, first the structure and the spectra of these species have 

to be studied and analyzed. The purpose of the present work was to spectroscopically 

characterize b-monofluoro- (MFEO), b,b-difluoro (DFEO), and b,b,b-trifluoro ethoxy (TFEO) 

radical by moderate resolution LIF and DF spectroscopy. We also analyze the tendencies in 

structural and spectroscopic properties as the function of fluorine atom, which can help to 

understand the reactivity and therefore the atmospheric lifetime of these species. 
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Nickel is commonly found in its +2 oxidation state, but higher oxidation state compounds are 

known. In the case of the fluorides, NiF2 is well known in the solid and vapour phase, NiF3 in 

the solid state is mixed valence (Ni2+[Ni 4+F6]), and NiF4 is unstable above ï65 °C. This study 

focuses on the molecular properties of the nickel fluorides species. It is looking at vapour phase 

species using matrix isolation techniques to stabilise the NiFn species formed. The studied 

compounds were made by reacting metal atoms of Ni with different concentration of F2/Ar in 

the gas phase and condensation at ca. 10 K. Nickel metal atoms are thermally generated by 

heating a filament of pure nickel. The characterisation is conducted by UV-Vis and IR 

spectroscopy [1]. Photolysis and annealing of the matrix were carried out. Although NiF2 is 

well studied in rare gas matrices [2-5], there are no reports of molecular matrix isolated NiF, 

NiF3 or NiF4. 

Computational calculations using B3LYP/6-311+G(d) and B3LYP/def2tzvpp within G09W 

have been used to help assign the spectral features and determine the molecular geometry of 

each of NiF, NiF2, and probably NiF4 molecules formed. 
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Rotationally resolved fluorescence excitation spectrum of the origin band in the S1  ̞ S0 

transition of N-MethylCarbazole has been recorded in the collision-free environment of a 

molecular beam, using High Resolution Laser Induced Fluorescence (HRLIF) technique. 

N-MethylCarbazole is a fascinating molecule. It is a planar molecule and its symmetry leads to 

study of an internal potential of six-fold symmetry. While the barriers to such rotation are often 

small, methyl groups can have profound effects on intramolecular dynamics. So, due the very 

low barrier, the potential barrier can be treated as a perturbation. Our interest is on learning 

about the effect due to the bond among nitrogen atom and the torsional barrier height of the  

-CH3 group in N-MethylCarbazole molecule, in both S0 and S1 states.  

Inertial parameters determined from the spectral analysis performed on this molecular system 

such as rotational constants and the potential energy curves of the internal rotation of the methyl 

group, in both electronic states, will  be discussed in this talk.   

The change of the barrier height by electronic excitation in N-MethylCarbazole, where the 

nitrogen is present, will  be compared with other toluene derivatives in terms of the internal 

rotational motion of the attached ïCH3 group where the bond is given with a carbone atom.  
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The electronic origin of 3-cyanoindole has been investigated using high resolution laser induced 

fluorescence spectroscopy (HRLIF) to analyse its electronic nature. By means of evolutionary 

algorithms, molecular parameters like the rotational constants in the electronic ground and first 

excited state and the orientation of the transition dipole moment were determined. To 

investigate the permanent dipole moments in the ground and first excited state a homogeneous 

static electric field was applied, which lifts the ὓ degeneracy by the Stark effect and results in 

band splittings and shifts.  

To understand how solvation influences the electronic nature of the excited state, the binary  

3-cyanoindole water cluster was investigated. The different molecular parameters were used to 

assign the band to optimized CC2-pVTZ structures by comparing the experimental and 

calculated ab initio values. 

 

 
Figure 1 ï 3-Cyanoindole and its water cluster within their main inertial axes. 
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The different rotamers of 1,2-, 1,3- and 1,4-dimethoxybenzene were investigated using high 

resolution laser induced fluorescence spectroscopy. The molecular parameters, obtained from 

fit using an evolutionary strategies were compared to the results of ab initio calculations and 

used for structural assignment. To investigate the permanent dipole moments moments in the 

ground and first electronically excited singlet state, a homogeneous field was applied, which 

lifts the M degeneracy by the Stark effect. The resulting experimental permanent dipole 

moments were compared to predicted dipole moments via vectorial addition of the anisole 

dipoles and to the results of ab initio calculations. 

Finally, the conformational space of 1,3-dimethoxybenzene is discussed in particular. 

 

 
Figure 1 ï Graphical Abstract observation of 1,2-, 1,3- and 1,4-dimethoxybenzenes via high resolution laser 

induced fluorescence Stark spectroscopy. 
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The structural changes of 1,2 dimethoxybenzene upon excitation to the lowest electronically 

excited singlet state are interesting, since its two rotamers behave differently upon electronic 

excitation. We investigated these structural changes of 1,2 dimethoxybenzene using a 

combination of high resolution laser induced fluorescence spectroscopy (HRLIF) and 

vibronically resolved fluorescence emission spectroscopy. The HRLIF spectra yield the 

rotational constants of the ground and in the first excited state, which are not sufficient for a 

complete structural determination. The problem of fitting structural changes of 3N-6 geometry 

parameters to a set of only 3 rotational constants can be resolved using additional information 

from complementary experiments. With the aid of Franck-Condon (FC) analyses using a normal 

mode analysis based on the CC2/cc-pVTZ optimized structures we were able to fit the relevant 

parameters both to the FC intensities as well as to the rotational constants. 

 

 
Figure 1 ï Dispersed fluorescence spectrum of the electronic origin (1st trace: Experimental spectrum, 2nd trace: 

Simulated spectrum, 3rd trace: Fit spectrum). 
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