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Welcome

After 18 years, th&uropean Congress on Molecular Spectrosc@yCMOS) returns to
Portugal. The previous edition of EUCMOS hold in Coimbra took place in the yealr 2800.
sure that allthose whohad the opportunity to attend that meetingstill keep it in their

g =
4

memory as aextraordinaryconference. At that time, FET L Al

the opening lecture was delivered by the Nobel Pri
winer Professor SHarold Walter Krotg whom we all
miss so dearly. Harold Kroto passed away in April
2016, and | would like to dedicate this congress to
memory. Besides lieg an outstanding scientist voh ;
dedicated his life to spectroscopy and education < B8

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

of his personality.

EUCMOS018 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
pathsto address the most importartontemporary scientifichallenges in this domairt. ik
very gratifying to know that leading scientists in the field of molecular spectrosbtapg
acceptedour invitation andwill share with us their knowledge

Coimbra isa very beautiful and peaceful town situated on the Mondego River,
approximately 185 km Northeast of Lisboa and 98 km Southeast of Porto.t¥lsemied as
the capital of Brtugal from 1139 to 1385 and was the birthplace of six monarchs from the
portuguesels 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 depexs primarily on its University, whishas founded in 129@nd 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 pa#t both the present and future
and it is also a "modern” university, very well equipped withtoqolate technology in the
various fields of knowledge, and where science and technology are considered to play an

essential role. The Science aricechnolog Faculty has actually more than 8000 students and
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more than 300 senior professors tha¢dicate to the most relevant brahes of fundamental
and applied science, being thargest 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 Portygaid both have since long ago attained the
respect of the iternational scientific community.

| am sure that the outcome of EUCM@@EL8will 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 EUCMs@8es, noweady tocellebrae its 67
aniversaiy, since the first event in Basel in 1951. It is a pleasure for me now, as chairman of
EUCMO018 and also as President of the International Steering Committee of EUGMOS,
extend a warm invitation tojou 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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The Organizing Committees of EUCMOS 2018
Thank verymuch the lecturers and
Participants in general fdheir valuable
Contribution to the scientific programme
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SPECTROMETERS
WITH BUILT-IN PULSE SHAPERS
2D IR
+ Rapid-scan acquisition
+ Scatter removal
* Flexible design Transient Absorption
2D Visible + Add nanosecond delay capabilities
to either 2D spectrometer
+ One spectrometer, many experimenis!

+ High repetition rates
+ Easy to align

__2'._ MOLECULAR STRUCTURE & DYNAMICS /5, FEMTOSECOND DYNAMICS
w PROTEIN STRUCTURE & DYNAMICS ﬁ REAL-TIME KINETICS
L3 MATERIALS SCIENCE ;\?:’ MOLECULAR INTERACTIONS

PULSE SHAPERS

MIDR, VISIBLE, NEAR-IR

fast flexible

100 kHz repetition rates
user-adjustable bandwidth / resolution
advanced control software, designed for 2D spectroscopy

PHASETECH
QuiciShHape

-

MID'IR DETECTORS NEXT-GEN MCT ARRAYS

128 x 128 MCT (16k pixels!)

Low-noise, High-resolution

More pixels = More possibilities

2D IR & Mid-IR Transient Absorption

+ Detection of multiple signals: Probe & Reference,
Parallel & Perpendicular, or even Parallel,
Perpendicular & Reference all at oncel

+ Microscopy (FT-IR, Pump-Probe, 2D IR)

+ Direct imaging of beam = easy alignment

PT_Full_Page_02_Ad.pc
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LEADING
INNOVATING

TO ACCELERATE YOUR RESEARCH

Whether unlocking the mysteries of matter or mapping brain function, Coherent has the
lasers to advance your research. With our unique HALT/HASS reliability protocol, we deliver
unmatched laser performance for maximum productivity and improved data quality.

Attosecond Experiments to Neuroscience, Gravitational Wave Studies to Spectroscopy—
Discover More—coherent.com/industrial-revolution

COHERENT.

Superior Reliability & Performance
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PRECISION TECHNOLOGY

Spectra-Physics Solstice Ace
Unsurpassed Operating Stability, and Flexible Configurations

The Spectra-Physics® Solstice® Ace was the first femtosecond ultrafast amplifier desig-
ned, built and tested to meet rigorous industrial standards, and is capable of reliable
operation over a +5°C temperature range.

Using Spectra-Physics’ patented Ace regenerative amplifier cavity, the Solstice Ace is
available at repetition rates configurable between 1 kHz and 10 kHz (delivering >7
W at 1 kHz, >8 W at 5 kHz and >7 W at 10 kHz) with pulse width configurations ran-
ging from <35 fs to <120 fs. For every configuration of Solstice Ace, the beam quality
is exceptional (M2 <1.25) making it perfect for OPA pumping and a wide range of non-
linear spectroscopy applications.

Newport FSRS ® NeWpOI"t&

Newport’s Femtosecond Stimulated Raman Spectrometer (FSRS) is the first Experience | Solutions
commercially available turn-key FSRS spectrometer. FSRS is a nonlinear optical
spectroscopy that has the advantage of time-resolved vibrational spectroscopy,
allowing for additional tools useful for interpreting and assigning molecular dy-
namics and detection of "dark" molecular states.

Time

& c e
5 8|2 .
e Flexibly designed femtosecond pump-probe spectrometer & 3f | -sopmamncan
* Broad pump-probe delay range and high pump-probe delay resolution 0
¢ Flexible imaging spectrograph supports automated switching of spectral E A
range (detector) and resolution T
=7 Ultrafast Systems EOS Fire
l“ |[ EOS Fire is a unique (Patent No.: US 7,817,270 B2) broadband pump-probe sub-
= nanosecond Transient Absorption Spectrometer designed to work with a wide
2 variety of pulsed lasers. A complete turn-key system, EOS Fire measures transients
'12 with sub-ns time resolution and a virtually unlimited time window.
2 EOS Fire offers a broad probe spectral probe, with options from 350 nm up to
I;T 2400 nm, and spectral resolution optimized for transient absorption.
((Ultrafast
. SYSTEMS

PhaseTech Spectroscopy 2SQuick IR FREQ.-FREQ.  TIME-FREQ.

The 2DQuick IR combines the control of a mid-IR pulse shaper with the speed of an
array detector for the most powerful 2D IR spectrometer ever.

‘D3 AN NVOS
AV130 dnd NVOS

With rapid-scan pulse shaping, the 2DQuick can scan time delays on a shot-by-shot Aty deecion PROBE FREGUENCY Ay deecion PROBE FREQ.
basis. This means that a full 2D IR spectrum can be measured in less than a second.
Multiple spectra can then be averaged as needed for the desired signal-to-noise. 1 ls'”F‘.;r'-E

* Observe real-time changes in proteins or other samples
e Spectra in < 1 second! - Publication-quality spectra in minutes

PHASETECH

spectroscopy shapir

Pump Frequency

Probe Frequency

M. 5. BRANDAD - PORTUGAL é Q i—h

RUA DE SERRALVES, 599 TEL (+351) 226 167 370 MGEB@MGBRANDAO.COM baacer” gliNetgy
§
4150-708 PORGO - PORGUGAL FAH (+351) 226 167 379 WWW.MEBRANDAD.COM N 0°
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Novel Molecular Terahertz Spectroscopies

Mischa Bonn
Max Planck Institute for Polymer Reseay€repartment of Molecular Spectroscopy
Ackermannweg 165128 MainzGermany
bonn@MPIPMainz.MPG.de

Terahertz spectroscopy, spanning the range 2@ THz, or equivalently, 860 cm', has

been widely and very successfully used in the study of charge carrier dynamics in
semiconductor§l]. There have been decidedly fewer successful studies reporting molecular
spectroscopy in this interesting fingar region, where optical phonons and {wquency
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, | desdbe our recently developed new types of terahertz spectroscopies to obtain
important insights in both phonon dynamics in sacligte materials [2] and coupling between
high-frequency modes and lefrequency modes in water [3] and other systems.

References

1. R. Ulbricht, E. Hendry, J. Shan, F. Heinz, M. BonnRev. Mod. Phys833 (2011) 543.

2. H. Kim, J. Hunger, E. Canovas, M. Karakus, Z. Mics, M. GrechkoTWchinovich, S.H. Parekh, M.
Bonn,Nat. Commun(2017) DOI: 10.1038/s4146017-00807x.

3. M. Grechko, T. Hasegawa, F. D'Angelo, H. Ito, Drdhinovich, Y. Nagata, M. BonNat. Commun
(2018 DOI: 10.1038/s4146101803303y.
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Non Linear Optics at Interfaces: Sensitive Probing of Biomolecular
Recognition by Sum Frequency Generation anthe Quest of Super
Resolution Infrared Microscopy of Biological Tissues

André PeremandN. Hedaoui an€. Bouchened
University of Namur, Belgium
andre.peremans@unamur.be

Since the pioneering work of Guy8ionnest in 1987, vibrational spectroscopies exploiting the
nontlinear optical processes have opened new opportunities for the analysis of biological
systems, as well as, for bypassing the spatial resolution limit impgsditfraction in infrared
microscopy.

Indeed, biological molecules are complex and their infrared spectroscopy signature barely
modified upon the structural change resulting fromneigognition interactions. However, the
selection rules of sutfrequeny 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: avibliocytin, penicillin derivative molecule, and
biomimetc 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 diffiae, in fluorescent microscopy using the
stimulatedemissiondepletion (STED) process. We recently demonstrated that the intrinsic
nonlinear optical properties of vibrational transitions also enable to perform-segmution
infrared microscopy on seounductor and polymer materials, opening the prospect of label
free super resolution vibrational microscopy.

___________________________________________________________________________________________________|
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Developingthe Surface Chemistry of Hybrid Nanomaterialsfor SERS

Tito Trindade
Departmenf Chemistryi CICECO,Universityof Aveiro,3816193 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 dhiRaman scattering crosection, 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 thedevelopment 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 andrgidy8. Among the

several factors that affect such Raman signal enhancement, the chemical mature a
morphological features cdmployed SERS substrates are of paramount relevance. As such,
great efforts have been made in order to fabricate highly senSfRS substrates with
controlled fatures at the nanoscale le{&H].

This lecture will provide an overview of our research on several nanomaterials that have been
investigated aiming at the Wdcation of SERS substratet]. In particular, hybrid
nanastructures 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 (AgtalAu) 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/é already beetested irSERS detection by using these
nanomaterials. Here we will consider the SERS detedfoorganic compounds that raise
serious concerns due to their adverse effects as water pollutants. Finally, the challenges that this
approach faces in real glations 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

1. R. Aroca, SurfaceEnhancedVibrational Spectroscopylsted.,Wiley, Chichester2006

2. S-Y. Ding, E.-M. You, Z.-Q. TianandM. Moskovits,Chem.Soc.Rev.46 (2017) 4042.

3 S. L. Kleinman,R. R. Frontier, A.-l. Henry, J. A. DieringerandR. P. Van Duyne, Phys.Chem.Chem.
Phys.15 (2013 21.

4, S.FateixaH. I. S.NogueiraandT. Trindade Phys.Chem.Chem.Phys, 17 (2015)21046.

Acknowledgement3his work wasdevelopedvithin thescopeof the projectCICECO Aveiro Institute
of Materials,POCI01-0145FEDER007679(FCT Ref. UID /CTM /50011/2013)financedby national
fundsthroughthe FCT/MEC andwhenappropriateo-financedoy FundoEuropeude Desenvolvimento
Regional(FEDER)underthe PT2020PartnershipgAgreement.
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Plasmonic Nanoparticles with Many Sharp Apexes and Edges &dficient
Nanoresonators for Shellsolated NanoparticleEnhanced
Raman Spectroscopy

Andrzej Kudelski
Faculty of Chemistry, University of Warsaw, Basteura 1, 0093 Warsaw, Poland
akudel@chem.uw.edu.pl

One method allowing for investigations wdrious interfaces, even-salled 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 structwes act as electromagnetic nanoresonators leading to a local enhancement of
the intensity of the electric field of the incident radiation, wHedwds to an increase in the
efficiency of Raman scattering for molecules in close proximity to such nanoresonato
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 samiplg dealysed and the metal
surface.The Raman analysis of surfaces using surfaocgected plasmonic nanoparticles is
called shelisolated nanoparticlenhanced Raman spectroscopy (SHINERH) In this
contribution, the exampseof using ofplasmonic naoparticles with many sharp apexes and
edges suchas bipyramidal Au@SiQ, decahedralAg@SiQ, cubic Ag@SiO, andsilica-
covered stashaped AvAg nanoparticless SHINERSnanoresonators will bgresenteqsee

Figure 1) Since the highest field enhancemisniisually generateon sharp edges and apexes

of plasmonicnanostructures, the Raman enhancement factor inducesidy anisotropic
nanoparticles is significantlgg¢en abovene order of magnitude) larger than the enhancement
factor generated byespedte standard senspherical nanostructures. Synthesized SHINERS
nanoresonatonsere used fomeasurements of some thiolate monolayers formed on a platinum
surface and for detecting the pestisitteiram and methyl parathiordeposited orsurfaces of
variousfruits and vegetabled~or example, the limit of detection of thiraskepositedon a

tomato skinwas estimated as 1.2 ng ém

50 nm z§ 20nm \ SR B

Figure 17 TEM images of various SHINERS nanoresonators.

References

1. J.F.Li, Y. F.Huang,Y. Ding, Z. L. Yang,S.B. Li, X. S.Zhou,F. R.Fan, W.Zhang,Z.Y. Zhou,D.Y. Wu,
B. Ren, Z. L. Wang, and Z.Q. TiaNature 464 (2010392.

Acknowledgement3he authothanks the Faculty of Chemistry, University of Warsaw

___________________________________________________________________________________________________|
34 EUCMOS 2018



Ag Nanosponge Aggregate with Incorporateddydrophobic Adsorbates as a
Sample for Effective SER(R)S Spectral Btection
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Surfaceenhanced Raman scattering (SERS) and Sudgfabanced resonance Raman scattering
(SERRS) spectroscopies are walown spectreanalytcal methods, which utilize
enhancement of Raman scattering of moleculeglégmonic metal nanostructurédfective

|l ocali zation of mol ecul es into Ahot spotso
generated in plasmonic metal nanostructuresh as nanoparticle (NP) assemblies, by an
external optical excitation) provides | arge
spotso has been pr reatllyin ffadtal aggrégatgs,L]@and endlimerx p e r i
of Ag NPs[3,4]. Recenty , we obtained strong indices abou

Ag nanosponge aggregatesitaining hydrophilic adsorbat¢s].

In this contribution, we report preparation and SERS spectral testing of 3D Ag nanosponge
aggregates, which were assembirda twophase system containing a APs hydrosol
modified by adsorbed Cland a dichloomethane solution of the selected hydrophobic
adsorbates, namely fullerenened)@&nd 5,10,15,2@etrapheny21H,23Hporphine (TPP) Ag

NPs hydrosol was prepared Bduction of AQNQby NHL-OH A H C | [ 6] . For SE(R
measurements, 3D Ag nanosponge aggregates with incorporated testing adsorbate and chloride
anions were prepared and let to @f£RS and SERRS spectra were measured at four excitation
wavelengths, amely 445, 532, 633 and 780 nm. The concentration values of the limits of
SE(R)RS spectral detection of TPP were determined as follows:!ikLat 445 nm excitation
(SERRS), and 1xI®M at 532 nm, 1x18 M at 633 nm and 1x10M at 780 nm (SERS).
Furthemore, the following concentration values of the limits of SERS spectral detection were
determined for : 1x10°% M at 445 nm, 1x10M at 532 nm, 1x18 M at 633 nm and 1x19

M at 780 nmA comparison of the limits of the SE(R)RS spectral detectiorPéf With those

of Ceoshows that théormerare significantly lower than the latter ones. This can be caused by
several factors, such as a less effective incorporationn@oh the internal structure of Ag
nanosponge aggregate than that of TPP. We hawetested 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 in¢poration 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 afwt SERS spectral detection.
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The understanding of the molecular organization at muveaigr interfaces is a mandatory first

step on the path to the rationalization of physibemical phenomena taking place at these
interfaces and governing for @rale the transport of organic molecules and pollutants in soils,
heterogeneous catalysis for e.g. photovoltai
Nonlinear 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 wateeveto 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 interpretationm& 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 signaturasnhandatory to correctly interpret vSFG spectra of charged
interfaces, as shown by Shehal.[1]r ecent | y. I n coll aboration
DFTMD simulations, we have developgd,3] an unambiguous and universal structural
definition for the twospatial interfacial regions denoted as BIL (Binding Interfacial Layer) and
DL (Diffuse Layer) in ref.1l, using water structural properties only. In particular, our
deconvolution scheme allows demonstrate that the DL spectrum arises from-timeaothid

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 characteotatieformation

of an Electric Double Layer (EDL) when aqueamsic solutions are consider§zl 3].
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Magneto-PlasmonicNanoparticlesfor Separationand SERSDetectionof
Antibiotics
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Vestigialantibioticsdissolvedn watersourcedavebeenregardedvith increasingconcerrdue
to potentialrisksto humanhealthandecologicalnegativeimpact.In particular,the occurrence
of thesepharmaceuticén aquaticecosystemsnight contributeto the increasingresistancef
some pathogenicmicroorganismsto conventional antibiotics [1]. Common methods for
detectionof antibiotic vestigesare generally time-consuming,cost intensive and involve
complexlaboratorialproceduresin this context,surfaceenhancedRamanscattering(SERS)
emergesasan interestingmethodto explorebecauset affordshigh sensitivity, spectroscopic
fingerprints,easysamplepreparationand non-destructiveandyses.Our interestin this field,
promptedus to developseveraltypes of nanostructureglatforms for SERS detection of
bioanalyteslissolvedn water,includingmoleculesof antibiotics[2-4].

Here,wereportthe preparatiorof multifunctionalhybrid nanostructureshatcombinemagnetic
(Fes04) andplasmonidAg, Au) colloidalnanoparticlesTheability of suchmagneteplasmonic
nanocompositegor SERS detectionof antibiotics (e.g. penicillin G) dissolvedin aqueous
solutionswasevaluatedn arangeof operationatonditions.Takingadvantag®f the magnetic
propertieof the nanocompositeshesematerialscanbe usedto concentratéhe targetanalyte
on the substrateand as suchto contributefor a more efective SERSdetection.Additionally,
adsorptim studiesverecarriedoutfor assessinthe performancef suchsubstratesTheresults
will be discussedon a perspectiveof using these materials as analytical platforms for
laboratorialmonitoringandalsoin local samplingpointslocatedin remoteregons.

=
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Figure 11 Schematicepresentationf a magneteplasmonicnanostructure.
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Metal-Enhanced Fluorescence driboflavin Deposited on SpaceiM odified

Ag Substrate: Spectral Intensity and LifetimeStudy
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Metali enhanced 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 dludihophore molecule
distance from the metal surfaldg.
Confocal microspectrofluorimeter adapted for ftimesolved intracellular fluorescence
measurements by using a phiasedulation principle with homodyne data acquisition was
employed to obtain fluescence emissiospectra and to determine fluorescence lifetimes.
Experimental setup is appropriately arranged for the lifetime determinationeasured
spectrum as wel[2,3]. MEF spectra of riboflavin (vitamin $, which is a biologically
important moleule were obtained from solution deposited on silver nanoislgtjdsovered

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 depesdére
PTFE spacer thicknegsee Fig. 1).
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Figure 11 Left: Surfacé enhanced fluorescen¢8EF)intensity spectra of riboflavin in a water solution dropped
on Ag nanoislads covered by a PTFE spacewafious thickness. Right: Riboflavin lifetimes measured at a water
solution/spacer interface. Concentration of the riboflavin stock solution wakl16omparison to the droplet on

a Si wafer is made.
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Tailoring Photoactive Materials: Light on the Dark Side of the Force
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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 noatiad, dark processes in which the photon
energy is transformed into other forms such as mechanical and chemical energy. We aim to
control these lighto-activity pathways as they allow us to use photon energy to drive targeted
applications such as energyonversion, photocatalysis, photdriven 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 becausetphctivity is generally associated with (ultra)fast
conversions of energy. Using egatchers from molecular nanotechnology, health care, and
various areas where photochromic compounds are employed, we have shown in recent years
how O0sl| owd eap mapthe exsitestatp potestial 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
excitedstate ifetimes. There is thus still much to be learnt on the dark side of the forces that
act upon molecules after light absorption

___________________________________________________________________________________________________|
EUCMOS 2018 39



Thermal Degradation Behaviour of Elastomers
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The thermal behaviour of EPDM elastomers has been studied under oxidative as well as inert
conditions using thermal gravimetric &ms 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 TGAS 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 comharether
techniques usually applied for the investigation of thermal giabitalysis.

On the example of ethylerpropylenediene copolymers (EPDM) with different comonomer
composition the degradation mechanism will be presented. The evolved species will be
characterized by FTIR and mass spectrometry. In partjdhlareffectof ethylene and diene
content on the thermal stability of the polymer will be shown.

H,C
Figure 17 Structure of EPDM
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Characterisation, Coverage, and Orientation ofFunctionalised Graphene
using SumFrequency Generation Spectroscopy
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Graphene has received much attention due to its remarkable)étgttronic 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 modiileeng 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 suffrequency generation (SFG) spectroscopy directly identify
functional groups bound to graphene based on their vibrational signatures.

In the work reported here, waudied 1) polymer impurtities on grapheji¢, 2) pheny
decorated grapherjg], and 3) hydrogenated graphdB¢ The SFGspectra below show the
aromatic GH stretches of the phenyl rings on grapheme, the GH stretches of hydrogenated
grapheneWhile comparison with a sedssembled monolayer of phenyl thiols allowstais
extract surface coverages for the phetstoratedgrapheng~2.0 x 164 cm?, or ~5% of

carbon atoms of graphen@)e can extract information about the binding motifs of hydrogen to
graphene by comparison with density functional theory calculations

We have also established that tleecoherence times dlfie vibrationally excited aromatic-El

bonds on phenygraphene and on pherggl-assembled monolayers are below 14js and

hence independent of the presence of the graphene substrate.
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Figureli (Left) Raw (black dotted) and fitted (solid red) SBfgctra of (a) PMMA on pristine graphene, (b)
phenyHunctionalisedyraphene, and (c) a phersdlfassembled monolayer. (Right) FitteeHCstretches of
hydrogenated graphene after different Birch reduction times.
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For glass forming materigl universal excitation called boson peak is observed in the terahertz
region[1]. We have recently pointed out how this BP appears in the infrared spg2i8jm
although this fact was familiar to past researcfgrOn the other hand, in polymer gladgere

is fractal dynamics, soalled fracton, which is expected to appear above boson peak frequency
as a result of seimilarity of monomer molecules and anomalous diffusion pro@&@s3he

fracton dynamics has been discussed experimentally by lesigequency Raman scattering

[6].

Starch is a natur al pol ymer f-glucosemoletulesby ol y me
glycosidic linkage and includes straigtttain amylose and amylopectin having a branched
structure. It is known that the conteritboth 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 microwaseeated carboxymethyl starch (CM&) used in this

study is amorpbus with almost zero degree of crystallinity and it is suitable as a basic research
substance of polymer glags.

In this study, we attempt to detect universal boson peak behavior in glassy materials and fracton
expected to universally appear in polyrgkass, using terahertz tirtomain spectroscopy and
low-frequency Raman scattering, for CN\&.
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Two-photon opticall microscopy have atracted much attention fem@iging in biological

media owing to the deep tissue penetration of the excitation light, reducexd-foaus
photobleaching, wgonverted emission and wefleparated emission from the scattered
excitation light.

Fluorescent probes with high twhoton absorption (TPA) crosection, fluorescence
guantum yield and photostability are needed to reach the potential of the technique. In this
communication the phophysical properties of a family of quinolizinium dydg polymers

and hybrid polymer nanoparticles basedtmn 1,3,5triazine unitf2] and Ndoped carbon dots

[3] are presented.

The carbon dots are particularly suitable as TPA fluorophordsidomaging due to their high
photostability, water solubility, biocompatibility and versatile surface chemistry despite their
modest TPA crossection (2060000 GM) and fluorescenc quantum yield. The dispersion of
carbon dots is herogeneous with carbonsii#s 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 onphoto excitation (OPEXxc). Interesting, by tphoton excitation (TPEXc)

only the green emissiomas observed shown in Fig. This results in the selective excitation

of the green emitting site by TPA.
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Figure 17 Excitationwavelength dependence of the emission spectra of carbon dots-phatioa (OPA) and
two-photon absoprption (TPA).
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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 precuisstitutions 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 Germanechical industry until middle of the #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 nande fiWel t bunt 6 (meaning ACol oured Wc
investigate the correlations between the inventions in the chemical industry and the changes in
fashion and everyday life. The instrumerdablytic 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 suitalbhpleapreparation 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, ¢haternatives 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 opimal 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. Furtt@e, to differentiate between products
from one manufacturer with up to now mostly
AAnt hracyanin 3 GLO wil/l be another i1idea to
the trading of patents which frably already took place in the time before World War | which
could be provece.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, thesynthesis 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 whiuh foamd in

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

Acknowledgementshe authors thank the German Federal Ministry of Education and Research for
financially supporting the project.
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Fourier Transform -Infrared Microscopic Investigation of Cysteic Acid in
Virgin and Damaged Hair

Dhanya Puthenmadoand Charlene Fournier
Dow Corning Corporation, Rue Jules Bordet, Parc Industrigbne C, B7180 Seneffe, Belgium
dhanya.puthenmadom@dmom

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 colpriocess 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 sudamage. 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 chemicabnd noArchemical processes. In the present study, Fourier transform infrared
(FT-IR) microscopic technigue was used to analyze hair subjected to different types of chemical
and physical treatments. The goal of the study was to understand the extenagé damvell

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 analysidglgaowed 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 @tcontent while going from virgin to color to heat treated to bleached hair
indicates bleaching as the most damaging treatment. This study demonstriResiEfoscope

as an important technique to detect functional groups responsible for damage andd® pr
insight into the chemical distribution of these functional groups on the surface of hair.
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Thermal Maturity of Organic Matter from Fossil Fuel Fieldsby Raman
Spectroscopy: Spectral Parameters and Chemometric Datardatment

L. Bonold?, D. BarbierP, L. Di Paol@, F. Frigerid, D. Grigd andA. Savoinf
2Phys. Chem. Dep., eni spa, v. F. Maritano 28097 S. Donato Milanese, Italy
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Sedimentary organic matter (OM) evatvéollowing temperature and pressure over burial
history. During the exploration for fossil energy sources, the degree dfitewo (thermal
maturity) of OM has to be accurately determined and recently spectroscopic analysis are more
and more widely applied], especially Ramaj2]. Howeverits utility may be limited by some
subjectivity in band fitting or spectroscopic paraens selectiof3].

Herethe maturity ofthe OM samples from two drillingvells is evaluated from the Raman
spectra analysed by both the more traditional extractiepedtral parametefband distances

and area ratios) and by Principal Comporfemlysis-Partial Least Square regressi®tCA-

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 miaum 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 datagcheme ). The influence of the sample geographical origin and kerogen type
(marine, lacustrine or terrestrial origin) on Raman spectra is discussed.
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Scheme 1Workflow of Organic Matter Maturitprediction by Raman Spectrcoscagryd PCAPLS methods.
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Rotational Spectroscopy,
Molecular Structure Determination, and Radioastronomy

Robert J. McMahah Brent K. Ambergé€yr Brian J. EsselmanZachary N. Heirfy Joshua D.
Shuttef, Maria A. ZdanovskafaJohn F. Stantdh Zbigniew Kisief and R. Claude Woods
aDepartment of Chemistry, University of WisconditO1 Univesity Avenue, Madison, WI 53706 USA
®Department of Chemistry, University of Florida,0. Box 117200, Gainesville, FL 32611 USA
¢Institute of Physics, Polish Academy of Science8®Warszawa, Poland
robert.mcmahon@wisc.edu

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 longsought goal of many, including uSur interests in astoemistry have drawn us into

the field of highresolution rotational spectroscopy because this technique is the basis by which
molecules are identifieth space using radioastronomy. | will describe our studies of the
millimeter-wave rotational spectra séveral polar aromatic compounds, including pyridazine,
pyrimidine, and benzonitrile, with the goal of providing kiginality laboratory data to facilitate
observational astronomy.

_N
o L/

pyridazine pyrimidine benzonitrile
Figure 1

Recent studies represent a striking demonstration of the pdweodern experimental and
theoretical methods for the prediction, analysis, and interpretation of spectroscopic and
structural data [2]. In simple but nanvial systems, modern electronic structure methods are
able to predict structural parameters (btemjths, 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 significage 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 thdecorofational
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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Vibrational Spectroscopy at the Service of Quantum l@&mistry

Martin A. Suhm
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37077 Gottingen, Germany
msuhm@gwdg.de

The relationship between spectroscopy and quantum chemistry can adopt puzzle gojving (

or benchmarking-( ) character. In benchamking mode, the experimental side should make
every effort to facilitate theoretical prediction, by reducing unnecessary complexity, removing
thermal excitation and solvent embedding, addressing fundamental propertiefl].etc.
Furthermore, it is esseatito secure the experimental findings by studying homologous series
and by applying mukmessenger approachs$.

The theoretical description of intermolecular interactions is comparatively mature. To push and
challenge the best available computatioma&thods in this field, experiment can go beyond
small and harmonic systems, such that the nuclear dynamics treatment becoistas canal

and electronic structure treatments are not easily converged. After all, there may be effects such
as manybody dispesion 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 ingredieats fo
successful comparison of theory and experiment are also needed to avoid fortuitous and
misleading error cancellation.

The talk will focus on two nogovalen interaction topics which we currently use to benchmark
guantum chemistry in the field of inteatecular interactions intermolecular energy balances

[3] and subtle solvation shifts of OH stretching fundamedl©Our experimental tool is linear
vibrational spectroscopy in supersonic jet expandidhs
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Matrix Isolation Studies of Transition Metal and Main Group Fluorides

Nigel A. Young Ahmed K. Sakr, andloward V. Snelling
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Our work involves tk synthesis and characterisation of reactive species using matrix isolation
techniques at cryogenic temperatures. In particla@ have been exploiting
ti meo approach to synthesis using tomeand eact i
fluorine molecules and atoms in argon matrices at 10 Kin this talk, recent examples using

this approach involving nickel and molybdenum fluorides will be presented, as well as some
Lewis acidbase chemistry of SiF
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Calculations of Spectraand Kinetics in the Contextof Matrix Isolation

Igor Reva
CQC, Department of Chemistry, University of Coimbra, 3688 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 ewrpatal 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 calculationseaingetries, 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
closedshell molecules. ¥plorationof the diversity of behaviosf matrix-isolatedcompounds

with interactive presentatiasf experimental andomputationaspectrawithin a journal article
becamealmost asine qua norfor laboratorybased researcfihe few illustrative examples
chosen heax 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 computediaitaiaspectrdl,2]
andrationalized in terms afomputed relative energies and torsidralriers[3-5]. For specific

cases of molecules with flat potential energy surf§@ker with hypervalent atomf], the
required calculations will be addressedr §widies of reactive intermediates, the importance of
calculations on opeshell structureswill be highlighted[8-10]. Further, evidence will be
provided that matrbisolated molecules need not be considered as preserved in aspic. They can
be changed bgxternal light (lamp, laser, or even a light source of the infrared spectrometer),
or may decay spontaneously (by tunnelif@)l3]. The kinetic equations and models used for
computation of tunneling rate constants will be discussed. Fimalhgarmonic daulations of
vibrational overtones(including theirIR intensitie$, as aid in running of matrisolation
spectroscopic experiments, will be preseriddl 3].
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Investigation of PhaseBehavior of an lonic Liquid at Sub-Zero
Temperatures in the Presence of Additives

Nikolay Kotov, A.Gt ur cov g8, V. RalbBypalA. Zhigunov
Institute of Macromolecular Chemistry, Czektademy of Sciences,
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lonic liquids (ILs) are salts composed of cations and anions, which often have wety lo
negligible vapour pressure, whiellows theiruseas substitutes for volatile organic solvents.
As the number abn combinationsn neat ILs isca. 1, it allows researchers apply a chosen
combination of a cation and an anion that is suitédsi¢he desired aim, which is why ILs are
al so call ed f4.a-butylgmethylimsdazbliumecmaride omimCl) is a typical
representative of imidazolinimased ILs, which has been studied intensidely to its ability

to effectively dissolve cellulosg]. The butyl chainof this IL was shown to adopt two
conformations upon crystallizatiorartii anti (AA) andgauché&anti (GA), to which thebands

at 730, 625cm't and 701, 603, 50&m'! in Raman spectra of neat bmimCl werssigned
respectively3,4]. Although both conformers exist simultaneously in amorphous bmiwt@in

it crystallizes, either AA or GA conformation of the bnioationprevails, which is related to
orthorhombic omonocliniccrystal lattice of the I11[3].

Since imidazoliurrbased ionic liquids are highly hygroscopic they must be handled under
moisturefree onditions otherwise ILTwater interactions must be taken into account.
Unfortunately, even careful drying of all components cannot be peffieetefore, taces of
water remain in the system and the effecthad water contenhas to be understood. Many
groups have already studied watkr 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 ramlgies iadded
water acts differently are still assessed only very vadaglyn the present workneatbmimcCl

as well as mixtures based on thiswlere studied byibrational spectroscap methodsin
conjunction with othertechniques at laboratory and subero temperatures. Various
phenomena, such as crystal polymorphism and pbesaration were observed in the studied
samples. They were dependent on contribution of capillary forces and the temperature history
of the samples. Such information providesiasight into the process of crystallization of
bmimClas well as into itinteractions with cesolventsand is also highly significant for use of

ILs as solvent media&,.g.in polymer dissolution, blending and separations.
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Phase Transition, Structure and Reorientational rnamics of HO Ligands
and ReQy Anions in [Ba(H20)4](ReOa)
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joanna.hetmanczyk@uj.edu.pl

At room temperaturdetraaquabanim perherate crystallizesn a monoclinic crystal system,

within the spacegroup P2:/n, with four moleculesin the unit cell. The following unit cell
constais:a=7.3703(54, b=12.4550(9, c=12.1611(94, b= 90.040(2f weredetermined

by us.

The polymorphism of the mentioned above compound was investigated by means of differential
scanning calorimetryDSC). One reversibl@hase transitiohas been foundat: T, = 275 K

(on heating) andT/= 247 K (on cooling) The thermalhysteresis of the phase transition

temperaturd. equal to ca. 28 land theheat flow anomaly sharpness suggest that the detected
phase transition is a firstrder type.

Using three complementary spectroscopy meth@t¢S, IR and RS) all characteristic
frequencies of the vibrations of:8l andReQy were detectedThe protorweighted phonon
density functions G) calculated in one phonon harmonic approximation from the-¢ifne

flight INS spectra in 5 K show some sepangeaks characteristic for ordered phabe. density
functional perturbation theory plane wave calculations of the normal modes within the periodic
boundary conditionfCASTEP code [1,2]were performedWe have obtained good
agreemenbetweercalculatecandexperimentadata(lR, RSand IINS spectra).

The dynamic of KO ligandsand R©4' anions, in the higitemperature and low temperature
phaseswasexamined by banshape analyzes of the selected band in the infrared and Raman
scattering spectr@8]. The temperature dependence of the bandwidth associated(iWi#D)

mode, suggest that the ligands reorient fast (correlation time in the picosecond range) in both
high and low temperature pless The estimated mean value of activation energy for the
reorientation of HO ligands isEa(l/ll) = 13.9 kJ-mof.

The estimated mean activation energy values for the reorientation af &8@ns isEa(ll) =

3.1 kJ-mot for the low temperature phagde.case of FTIR and RS data we observed splitting

as well asharrowing of same bands connected witloHind Re® vibrations in the vicinity of

phase transition.

The molecular dynamics of 28 ligands in [Ba(HO)4(ReQy)2 were also investigated by
inelastic/quasielastic incoherent neutron scattering (IINS/QENIERA [4] time of flight
spet¢rometer 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 molealesaround the twdold axis The reorientational correlation tinte(H20) is of

an order of 18?s.
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Spectral Diagnosticsof Hydrogen Bonds by3!P NMR Chemical Shifts
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Phosphorugontaining acids have POH and®groups and, thus, are able to participate in the
formation of hydrogen bonds as a donor and as a proton ac¢g&pt®espite the fact that
intermolecular complexes involving phospheamtaining acids are oftementioned in the
literature, information on the determination of the geometry of hydrogen bond$'RdWMR
spectra is fragmentafg].

This work is devoted to the study of intermolecular complexes with hydrogen bond formed by
phosphinic acids RR'POOHsaproton donors and nitrog@ontaining bases as proton
acceptorsThe complexes dissolved in a deuterated freonic mixturesCIDAC| were studied

by low-temperaturéH and®**P NMR spectroscopy, and also by quanitimemical calculations

at the B3LYP/6311++G(d,p) level of theory.

The aim of the work was to interpréd and3*P NMR chemical shifts in terms of interatomic
distances within the OHN hydrogen bond. The other goal was to study the additional factors
influencing®P NMR chemical shfits of POOH gup (see Figure 1).

hydrogen bonding

direct
substituent R as proton donor ()
effects @ -1 \ /O -H-----

internal X \\O

degrees of R . ,
free%lom(() ) 2 : hydrogen bonding

1 as proton acceptor-()
Figure1i Factosof 3P NMR chemical shift sensitivity fqshosphinicacids

We show that’P 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 ortipooton of the substituted pyridine and the P=0 group, as wel

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
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Organoclays are hybrid materials prepared by intercalation fromnciagrals and
organic cations, mostly of alkylammonium type. Theyageibjecbf a great interest because
they can havespecific propertiessuitable for new technological application®.g. in a
preparation opolymerclay nanocompositeasactive sorbets, drug release retardation from
biocomposite hydrogels, storage of radioactive wast@forcement of aninicrobial paper
packaging improving its terle strength etc. In a recent time, closer attention is also paid to
phosphoniurbased organic cations that che used to prepare organoclays with improved
properties and higher stability thdahose preparedvith the comwentional alkylammonium
cations[1,2].

In the pesent workwe investigatestructural propertieand stabilityof beidellite (Bd)
clay mineralintercalated with tetraethyl(4P2), tetrabutyl (4P4), tetrahexyl (4P6) and
tetraoctylphosphonium (4P catiors by means of first principle metti® based onftlinctional
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 alkylphosphoebeidelite organoclays.
Beidellite is layeredaluminosilicateclay with predominantSi/Al substitutions in tetrahedral
sheetqdiffering from montmorillonite, in which substitutions are mainly in octahedral sheet).
Thedifferenttype of the substitutions affectscharge distributionn clay layers. In beidelite,
the charges arbetter localized at the Si/Al sites in comparison to montmorillonite and it is
expected that it can improve te&bility ofthe beidellitebasedrganalays[3].

Preliminary results shosda good agreement ttie predictediooibasal spacing~14.5 A)for
the structuresf the 4PX-Bd samples X= 1-4) with the experimentally determined values of
the preparedrganoclaysamples (~14.2 A Further, he plannedab initio molecular dynamics
(AIMD) calculationswill helpin a detailed analysis of thexperimentaFTIR spectra of the
4PX-Bd organoclays
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Exploring Photoinduced Bond Fissions in the Gas and SolutionHase
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Azoles phenols etc are common chromophores in the nucleobases and the aromatic amino
acids that dominate the near UV absorption spectra of many biological molgzistep.
excitations are respoide for the strong UV absorptions, but such molecules also possess
excited states formed frost« p electron promotions. Thes* states generally have much
smaller absorption crosections, but can have profound photophysical importahbis
presentatiorwill (i) summarise potofragment translational spectroscopy (P€®)eriments

and complementargb initio calculationsused toexplore ps*-state mediated bond fission
processes following UV excitation of heteroaromatic molecules in the gas fjadescribe
ultrafast pumpprobeexperiments designed to explore the extent to waidiogous processes
occurin solution, (iii) show how such solution phase studies offer a means of expfging

state mediated ringpening of heterocycles like thibpnes and pyrones and (oltline recent
efforts toexplorethe dynamics of photoinduced riogpening processes in the gas phase.
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Spectroscopic Observation of Quantum Tunneling:
Discoveries on theéPotential Energy Surfaces of Phenylnitrenes
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Quantum tunneling is a fascinating phenometi@t has important implications in organic,
catalytic biological and interstellar chemistriNot only tunneling can have profound
influence on the chemical reaction ratbst it can alsocontrol theselectivity of chemical
reactionsRecent results this areare starting to reveal thatnneling is, in factnorerelevant

to chemistryand biochemistryhan previously remgnized.

The mostimpressiveexpermental evidence of quantum tunneling in chemical reactions is
obtained using cryogenic temperatures. Indeedeuconditios of negligible thermal energy,
the occurrence of any chemical reactim most probably, due taunneling. If such
transformationspans from seconds to tens of houftgen it can be directly observed and
monitored using stationagpectroscopic methodsuch as IR, UWis, EPR, etc).

Here,we will presentdirect spectroscopic observatiohtunnelng reactions on the patgal
energy surface ofphenylnitrens (Scheme 1).For instance, we discovered thatplet
2-formylphenylnitrene®2, generated by photolysis of aziflén cryogenic matrices at 10 K,
rearrangs by hydrogeratom tunneling to iminoketen8 [1]. Moreover, benzazirinet,
generated by irradiation offdrmylphenylnitrene®2, underg@sring expansion by heavgtom
tunneling to cyclic keteniming[2]. Experimental andheoretical results providing support for
theoccurrence oflifferent tunneling reactions will be discussed.

N, H N- H H-atom N’

A =308 nm tunneling o
O "Ng, 10K 0
_N2
1 32 3
A =530 nml

N H heavy-atom

Q tunneling N (0]
() =

4 5
Figure 1 7 Tunneling reactionsunder cryogenic conditiondiscovered on # potential energy surface of
2-formyl phenylnitrenddy direct spectroscopic observation.
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Using Transient Spectroscopyo 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-stdié photochemistry as a
sustainable tool for syntheticapplications because organic crystals can be used to carry out
photoreactions without solvents and most photoreactions can be initiated by sunlight or
photocatalystg1]. In particular, soliestate photoreactions are generally more regiod
stereoseldove than their solution counterparts, because the rigid packing of molecules in the
crystal lattice prevents significant rotation and diffusi@p. In contrast, recent findings
highlight that organic crystals can also be flexible and compression carttmeakéend, curl,

hop, or twist when exposed to light or external presgireThus, photosalient crystals can
convert light into mechanical energy, and they have a potential role in the fabrication of
mechanically tunable components for actuation, enbayyesting, 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 N gas.The release of Nmolecules from the crystal lattice is distinctive for each azide
derivative. For example, some crystals tolerate a tupldf large N bubbles within the crystals
before cracking, whereas others shatter fiercely upon exposure to light. The behavide of az
crystals and their solidtate reaction mechanisms will be discussed and correlated to the azide
crystal packing arrangements.
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Theoretical Investigation of HerzbergTeller Effects in
Resonance Raman Spectra

Julien Guthmuller

Faculty of Applied Physics and Mathematics, Gda@Esk
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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 sptra, 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 Réttiese

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 suroverstate expressions are presented toutate RR
intensities [6], which allow inclusion of Fran€kondon (FC) and Herzbeitgller (HT) effects.

The molecular properties are calculated with density functional theory and the different methods
are applied to the molecules dfansporphycene [7]and to a RutheniusRalladium
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

4
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Figure 17 RR spectra ofransporphycene.
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Sum Frequency Gneration SpectroscopyStudies of Temperature
Dependeat Naphthalene Dehydrogenationon 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 hindnadchceedo be removed in
order to use the gas product as an energy source. An elegant way ®igdyhcatalytically
converting these molecules to syngas molecules such as CQ.fHd\itkel based catalysts

are used commonly for the conversion of hydrocarbons and are considered a possible catalyst
for biomass gasificatiof2].

We combinesum frequency gneration(SFG) spectroscopwith other techniques such Xs

ray photoelectron spectroscopy (XPSjanningtunneling nicroscopy(STM) andtemperature
programmed @sorption (TPD) tstudythe mechanisms of adsorption and temperature driven
dehydrogenation of naphthalene on a nlidkel) single crystal surface.

The naphthalene molecule in the monolaa@sorbs flat on the surface at room temperature and
below as we have confirmedith STM before [3]. At sufficiently cold temperatures a
multilayer is formed on top of the monolayer, where the molecules sit in an upright geometry,
ashas beembservedor benzene on kkel(111)[4].

Upon heatingthe naphthalene decomposes and at about 38 Kroduction of hydrogen
moleculesdue to dehydrogenation of the naphthalene be@ased on our measements we
believe thatat first two hydrogen atoms on one sidethe naphthalene molecule break of
which allowsthe molecule to adopt a tilted geometry. Tinterpretation is mainly supported

by our SFG measurements, where a resonant signal appears around 3G8B8MK which
closely resembles the multilayesonancave see at much colder temperatukéswever, 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 dehydrogen&&duntil

K wherethereis no more hydrogen productioacordedvith TPD and théSFG resonances are
gone as well. Changes in the lefter carbon species on the surface are recorded up to 885 K
using XPS, identifying both carbidic and graphitic carbon.
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Assignment of the Electronic Transition of Phenothiazine Radical Catiom
the Visible Regioni A Resonance Raman Spectroscopy and Theoretical
Calculation Investigation
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Phenothiazine (PTZ) derivativespresent an importantass of moleculed ], being studied in

a numbeof fields of chemical and pharmaceutical research, primarily because of the biological
activity of these substances and because of its application in solar energy transfdpation
The interesting chemicalnd biological properties of PTZs are consideiedelateto their
relative stable radical cations, whose formatiod egactivity have beeaxtensivéy studied

[3]. The most intense electronic transition of PTZ radical cation in the visible region is located
at ca. 500 nm. Hesteet al had performedh 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 47&atatively assigned to ald-

C deformation modg4].

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, withBBEYP/6-
31G(d,p) and TEDFT. In the ground state PTZ radical cation is planar, mtrest to the folded
structure of the PTZ molecule. The Raman band at 476axams assigned to a-&C bending

mode. The reason for the preferential enhancement of {8eCGribrational mode was
investigated using TIDFT, in order to obtain the moleculatbitals involved in the electronic
transition ata.500 nm. The molecular orbitals involved in the electronic transition are depicted
below, together with the phenothiazine structure:

D @% Gyl ongge

MO 1 MO 2 MO 3
Figure 11 Phenothiazine structure and molecular orbitals involved in the electronic transition

The TD-DFT calculations show that the electronic transition at ca. 500 f@nsMO 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 atomidtahs, which are absent in MO 1 and MO

2. The predominace of S atomic orbitals in NCexplain the prefential resonance Raman
enhancement of a-6&-C vibrational mode. The particular enhancement-&C deformation

mode is explained considering that in &xeited state, originated from this electronic transition,

the PTZ radical cation undergoes folding around tke &kes, with decreasing®&C angle, as
revealed by TDDFT results.
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Vibrational Excitation Induced Chemistry

Jan Lundell
Department of Chemistryniversity of Jyvaskyla, P.®ox 35, 40014 Jyvaskyla, Finland
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Recently it has become evident that {@mperaturenatrix isolation technique combined with
narrowband 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 thegher energy form of formic acide. cisHCOOH|[2]. Encouraged

by the success stories with small carboxylic af8]sit has been demonstrated that selective
light-induced conformational changes can be induced besides molecules also in hydrogen
bonded omplexeg[4,5]. This has led to a plethora of studies where higinergy and less
favourable chemical species can be easily made and studied.

In the last decade the selective ligiduced chemistry has been extended beyond fundamental
and first overtonevibrational excitations, i.e. applying visible light photons instead of IR
photons to obtain vibrationally locally hot specig. Such experiments allow to study
processes connected with molecules and complexes where high excess of energy {gpresent
12]. Again, the lowtemperature 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, selectivéght-induced process studies in ldemperature matrices is reviewed, and
possibilities for further studies and applications are discussed.
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Spectroxopic Microwave Spectroscopic Investigations oharge Amplitude
Motions: Intermolecular Bonding in Ar -(H20)2, (H2S). and CH3CN-CO:
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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 0 b sempevregt i 0n
microwave spectroscopists had to deal with large amplitude motions in these weakly bound
complexes [1]. The HF dimer exhibited doramceptor interchange tunnelling that would break

the 6hydrogen bonddé raisinghgdguwastni dro nabeawt.
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

0i ntermol ecul ar ‘tewilldigcuss &dent results fromhdurslabdratoty lon

three weakly bound complexes namely(RpO)2, (H2S). and CHCN-CO..

For Ar-(H20),, we have assigned:Aand B states recently which are shifted by more than 4
GHz from the Estate which is unaffected by tunnelling. Due to the symmetry rules, transitions
from A state appears below the $fate and Bstate appears above thedtate and these could

not be assigned earlier [3]. For &), only K=0 lines were observed untilcently and the
implied structure would be that of two spheres 45 lik 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 in4$ dimer do not seeto correlate with those of @@).. While

in these two cases, the tunnelling motions could break the intermolecular bond, the third case
of CHCN-CO; has free internal rotation of the methyl rotor. This does not affect the
inter mol ecul QbeweéncNaof ®HEN ant © of €®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 assignedpstMarkeayv ert,r urc
have been found as welhis talk will summarize the recent results on these three complexes.
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Laboratory Millimeter and Submillimeter Wave Studies of
Interstellar Molecules
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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 containingndiant 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 avelengths. The identification of specific species requires direct
comparison of the particular frequencielsserved in interstellar space with spectroscopic
measurements of known species in a laboratory experiment. The vast amount of data generated
by theALMA 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 transitequincies with high
accuracy from microwave to suhillimeter 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 sespéctroscopic 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 examp]és7].

References

L. Kolesnikov4, E. R. Alonso, S. Ma#ad J. LAlonso,ApJ. Suppl Series229 (2017) 26.

E.R. Alonso,L. KolesnikovaandJ. L. Alonso,J. Chem. Phys147 (2017124312

E. R. Alonso,L. KolesnikovaZ. Kisiel, E. B. Jaworskal]. Leén, J C. Guillemin andJ. L. Alonso, ApJ

(2018).

4. L. Kolesnikova, J. L. Alonso, C. Bermidez, E. R. Alonso,TBrcero, J. Cernichamand J.C. Guillemin,
A&A, 591(2016) A75.

5. E. R. Alonso, L. Kolesnikova, I. Pefia, S. T.8han, B. Tercero, J. Cernicharo ahd.. Alonso,J. Mol.
Spectrosg 316(2015) 84.

6. E.R. Alonso, L. Kolesnikova, B. Tercero, C. Cabedas, Alonso, J. Cernicharo addC. Guillemin,ApJ,
832 016 42

7. L. Kolesnikova, E. RAlonso, S. Mata, J. Cernicharo ahd.. Alonso,ApJ. Suppl. Serie233 (2017) 24.

wnN e

Acknowledgement3he authors thartke financial fundings from Ministerio de Ciencia e Innovacion
(Consolidefringenio 2010 CSD20600038 program "ASTROMOL", CTQ20180717P and
CTQ201676393P), Junta de Castilla y Leon (Grants VA175U13 and VA077U16) and European
ResearclCouncil under the European Union's Seventh Framework Programme (FREIE)7 ERC

2013 SyG, Grant Agreement n. 610256 NANOCOSMOS.

___________________________________________________________________________________________________|
EUCMOS 2018 67



Sensing Chirality with Rotational Spectroscopy: from Enantiomer
Differentiation to Molecular Recognition

SérgioR. Domingos Cristobal Pérez and Melanie Schnell
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The rules that govern aggregation at the molecular level are loosely established. Molecular
recognition is mediatedvia a delicate balace 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 nowtovalentinteractions using a bottonp approach. The highly resolved
rotational spectrum of a supersonicatlyoled molecular beam provides an unrivalled
molecular fingerprint that we use to solve conformational hetereogenditiend also the
chirality [2] of increasingly larger and more complex molecular systems. Ongoing studies
including chiral dimer topologies, negplanar polycyclic aromatic hydrocarbons and molecular
rotary motors[3] will be presented. A preview of a new pramffconcept experiment for
guartum-statespecific enantiomeric enrichment using tailored microwave fields will be
showcased and discusdqédl.
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Mid -IR Detection and Spectroscopy of Polyatomic Molecules inside a
Cryogenic Buffer Gas Cell
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We are building a cryogenic buffer gasurceof 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 crymoler, through which cryogenically cooled 4 K helium is flowed at

a rate of around 2 sccriiVe 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 -ir®%ane, a solid with a gh vapour
pressure at room temperature. We probe the buffer gas cooling by performing wavelength
modulation (WM) spectroscopy inside the cell. We drive vibrat@ation transitions close to
Q-branch origin of thevs vibrational fundamental band, using.20um radiation from a
guantum cascade laser.

| will present WM spectroscopy data, including recent-Buolppler spectra that exhibit large

Lamb dips, from which we can infer information about collision rates inside the cell. | will
discuss our plans for ¢hsensitive detection of a beam of cold, polyatomic molecules using
cavity-enhanced absorption spectroscopy.
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The The Role of Matrix Isolation Spectroscopy in Conformational Studies
of Small and Medium Sized Biomolecules
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IR spectroscopys one of the most frequently used experimental methods for exploring the
conformational landscape of small and medsized biomolecules. While NMR spectroscopy
very often providesime-averagedtructures for these molecular systems, the IR spectram is
composition of the spectra of individual conformers. Most conveniently, IR spectroscopic
investigations on peptides are carried out in solutions using Fotamesform IRspectrometers.
Although this method is simple and w#iled, it has serioumitations. 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 theoretpraldiction 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 abovaentioned problems and obtain better resolution, one can study the
spectra of the free molecules in the gas phase. Among thghgas methods, jeboled
microwave (MW) and laser spectroscope&g, resonanc&nhanced multiphoton ionization
(REMPI)) methods are found to be the most powerful techniques for conformatiodigis of
neutral peptides. Another possibility for improving the resolution is recording the IR spectra of
molecules isolated in loemperature noble gas matrices. When masaation IR (MHR)
spectroscopy is combined with selective NIR laser iatazh, similarly to double resonance
methods, spectra of individual conformers can be detected. Botphgas and the MR
methods have the further advantage that for spectral analysis quantum chemical computations
can be carried ourh vacuq without wsing 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 belausgn and the intensity

of VCD bands are very sensitive not only to the configuration but also totifiermation The
simultaneous application of MR and MFVCD spectroscopy has turned out to be an extremely
useful method in the structural studiéglexible chiral molecules.

In my talk | will show examples how the combination of the abhmestioned methods and
some others can be applied to explore the conformational potential energy surface of
biomolecules. | will summarize the advantages andithigations of our methods. Finally, |

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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Investigation of Non-Covalent Interactions by Microwave Spectroscopy

Luca Evangelisti
Department of mihceimmearsityof BolGgnayi€Sebni 2, Bologna 4012Baly
luca.evangelisti6@unibo.it

Several questions are usually addressed: which is the preferred baiteing/hich 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 naturedaiaing forces of intermolecular interactions in
nontcovalently bound molecular complexes can be studied to a very high degree of accuracy
by pulsedjet microwave spectroscopy]. From the detailed structural and dynamical data that
can be obtained, th&es 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-ghase antbulk properties.

Some chosen examples of publisfigldand unpublished results of complexes of medsime

organic molecules with different partners formed in a supersonic expansion and characterized
by rotational spectroscopy will be discussed. The pammelecules are held together by
hydrogen bonds, weak hydrogen bonds and-fmaiep-hole interactions.

It will be shown how no+tovalent interactions compete to shape the conformational space of
the complexes and which are the structural changes causeleinrmonomers 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 inteiiacs themselves.
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Figure 117 Examples of molecular complexes studied by microwave spectroscopy.
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Geometric and Electronic Structure of Flavins

Otto Dopfer
Institut flr Optik und Atomare Physik, TU Berlin, Hardenbergstr. 3@,0823Berlin, Germany

dopfer@physik.ttberlin.de

In addition to DNA/RNA and amino acids (proteins), flavins are an important class of
biomolecules. Flavins (FlI) are derived from the “dmethyll0-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, Rz IHboflavin

(RF, vitamin B, R=ribityl), flavin mononucleotide (FMN, eenzyme), and flavin adesine
dinucleotide (FAD, flaveprotein).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 sawattate. 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"EKwith X=H, Li-Cs, CuAu) by IRMPD spectroscopy

at room temperature in a HCR mass spectrometer coupled to thérée electron laser FELIX

[1-3]. Comparison of the IRMPD spectra recorded in the fingerprint range with DFT
calculations allows for estabhing the preferred protonation and metalation sites, the
interaction strength, and the type of bond(etectrotstatic, covalent)n a second step, we
utilized a recently commissioned cryogenic ion trap spectrometer (Berlin[Aaf) record

first optical spectra of H-l and MFI at low temperature (T=20 K) to probe their complex
electronic structure arising from the rich manifold of excited statesppitand rp* character

[4,5]. The analysis of theshkigh-resolution vibronicspectra is accomplishedy bfrD-DFT
calculations coupled to Fran€kondon simulations, providing detailed insight into the excited
state propertiege.g., structure, vibrations, lifetime, spectral shifts upon protonation and
metalation, energy and nature of electronic state, metding 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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Towards High Resolution Phosphorescencep8ctroscopy

Leonardo Alvare/altierraand Michael Skemitt
Division de Ciencias e Ingenierias, Universidda Guanajuatecampus Ledn. Loma del Bosque 103 Col. Lomas
del Campestre37150LebénGto. Meico
Physikalische Chemie I, Heinridheine-Universist, 40204Dusseldorf Germany

So far, several groups around the world have studied and reportethteeegting 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 dfrjyatives
indole derivative$2], polycyclic arom#ic moleculeg3], etc. mainly focusing oRluorescence
measurements in the gas phase. The technique has been exploited for the discrimination of
different conformers in the jg#], tunneling effects from vibrational motioii8], internal

rotation of attahed groups to the chromophdfg, formation of clusters in the j¢6], to

mention just a few.

However, in terms oPhosphorescencgpectroscopy, some ketones; such-8groquinone

[7], xanthond8], and anthraquinon® have been stawld erde sml utairo m,t
the gas or the condensed phasiso, some other studies have been performed on different
molecular systems, such as pyrait@, dibenzofurarjl11], and dibenzothiopherj&2], where

it has been revealed the existence of IntéesysCrossing 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 theas phase.
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Dipole Moments of Anisole in Ground and Excited State via Condensed
Phase Thermochromic Spectroscopy and Gas Phase HRLIp&ctroscopy

Mirko Lindic, Michael Schneider, Marieuise Hebestreit and Michael Schmitt
Heinrich-Heine Universitat, Physikalische Chemie 1, Universitatsstral3e 1, 40225 Diissétdwrhany
Mirko.Lindic@hhu.de

The dipole moment of anisole in ground and first excited singletsstas investigated dn
compared for the gas and the condensed pHdsedipole 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 theleimodel molecule anisole was
measured with temperature dependent U\WAbsorption and fluorescence spectroscopy.
Contrary to previous studies, the solvent cavity volume was determined experimentally via
concentration dependent density measurementsrdaie 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 abt the method will be given.
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Excited State Dipole Moments from High Resolution fectroscopy

Michael Schmitt
Heinrich-Heine-Universitét, Institut fir Phgikalische Chemie |, Disseldo@grmany

Rotationally resolved electroniStark spectroscopy is a versatile tool for the accurate
determination of rotational constanitg( the geometries) of molecules in both electronic states,
connected by the electronic transition, centrifugal distortion constants (i.e. the force fiedd of t
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 accesg teléctronic 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 electriw 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 fit and simulate also very congested and
overlapping spectra. We extended the existing experiment in order to measure electronic Stark
spectra using different geometrical-spis with different selection rules. The resulting spectra

with parallel and pgrendicular 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 medisodell 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 solutiahate 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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The Gas Phase Study of Artificial Sweeteners:
Structure-Sweetness Connection

E. R. Alonsg L. Kolesniko\4, I. Leon, S. Mata and J. L. Alonso
Grupo de Espectroscopia Molecular (GEM), Unidad Asociada ClSd@oratorios de Esgctroscopia y
Bioespectroscopiddificio Qufima, Universidad de Vadldolid, 47005 Valladolid, Spain
elenarita.alonso@uva.es

Sinceearly 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 sweetnesst r uct ur e r el ati on unrdposall, B3 ey | enbe
observed that the sweetness depends on the strength ofltamodd 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 bartdraction and the other as acceptor (B). These

two groups form what is called tlgducophore which refers to the part of the sweetener that
interacts with the sweet recept@as phase studies of diverse artificial sweetners, concretely
saccharine and geral sugar alcohols (sorbitol, dulcitol, mannitol, erythritol, etc.) have been
carried out by means of broadbdB8fland narrowband[4] microwave spectroscopy techniques

in combination with a laser ablation technique for vaporize the sample. The sructur
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.
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Figure 11 Glucophore structure and its interaction with the receptor site
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Analysis of the Rotationally Resolved Electronic spectra of 3Cl and its
Water Cluster through Genetic Algorithms

Michael Schneidet, AméricaTorresBoy®, Marie Hebestreft LeonarddAlvarezValtierrd
and MichaelSchmitf
a8Heinrich-Heine-Universitat, Institut fur Physikalische Chenhjé>-40225 Dusseldorf, Germany
bDivision de Ciencias e Ingenierias, Universidad de Guanajuato, Leén, Guanajuato 37150, Mexico
torresha2014@licifug.ugto.mx

In this work, we study theransition $Y S of the 3cyanoindole (3Cl) and some of its Van der
Waals clusters with water, 3@H-0), (n = 1 and 2), through the experimental technique of
high resolution (rotational) electronic spectroscopy in the gas phase (HRLIF).

Computational caldations 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 (cpVTZ).

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 computationalrigttime assigning the rovibronic lines.

The data obtained from the spectra indicate the existence of a single conforme(laiG)z|

[1] and two conformerR] of 3CI-(H2O): each, in the molecular jet, respectively. Assignments

to different transitionsn the spectra of the clusters were made based on a FCamudon
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 Ipase.

The structural information of the molecule and its clusters are widely discussed from the
information extracted from the experimental spectra.
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Figure 17 Comparison befween UVHB s‘pectrum reported by #tial [2] and HRLIF spectrum obtained for
3ClI.
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Solid State Spectroscopy in Support of Interstellar Chemistry

Harold Linnartz
Laboratory for Astrophysics, Leiden Observatory, PO Box 9513, NL2300 RA L&meNgetherlands
linnartz@strw.leidenuniv.nl

Spectroscopy ishe 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 dunst lgaaie been
investigated. Astronomical observations show that ices in space consist mainly of water with
large contributions from CO, GOCHsOH, NHs and other species. This has resulted in a new
research field solid state astrochemistiyin which theformation 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 allowntedetailed 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 ongamolecules 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 GCe to the formation of larger species already detected in space,
such as glycolakhyde and ethylene glycol, and possibly larger molecules, like glyceraldehyde
and glycerol.

[ HC(0)CH,0H

CH, .
H H A
: H,C(OH)CH,OH
HIOE

e g

Figure 1. Non-energetic solid state formation scheme of glycol aldehyde and ethyleneglycol upon CO
hydrogenation as expected for dark cloud conditiakefrom [1]). See alsoZ-4].
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Burning Water with Sunlight: insights from Computational Chemistry

Andrzej L. Sobolewski
Institute of Physics, Polish Academy of Scien&ég,otnikow 32/46, 0668 Warsaw, Poland
sobola@ifpan.edu.pl

Polymeric or partially crystalline materials consistingstfiazine or heptazine (tg-triazine)

units connected by imide groups or nitrogen atoms and collectively referred to as graphitic
carbon nitrides (¢sN4) have received enormous attention since the discovery of their
photocatalytic activity fothydrogen evolution with visibléight [1] The mechanism of the
photoinduced watesplitting reaction catalyzed byCsN4 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 nwally 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 currentlwalbtinderstood.

In this contribution, | provide firgprinciples computational evidence that water splitting with
heptazinebased materials [2], as well as witther azines [3,4] and Tiporphyrines [5,6] is a
molecular photochemical process taking place in hydrbgenied chromophoreater
complexes. The ater splitting occurs homolytically via an electronically driven nonadiabatic
protontransfer reaction from water to chromophore, resulting in gretaig hydrogenated
molecular radicals and OH radicals. Téaeess hydrogen atom of the hypervalerdlecubr

radical can be photodetached by a second photon, which regenleeatasalyst, or theong-

lived hydrogenatedadicals can recombine to yield> th a dark reaction when a suitable
catalyzer (colloidal platin) is present. The OH radicateduced in th reactioncan be
recombined to ED> with suitable catalyzers (carbon or metaide nano dots).
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Ordinary Chondrites: What Can We Learn Using Mdssbauer
Spectroscopy?

A. A. Maksimova andV. |. Oshtrakh
Department of Experiment al Physics, Il nstitute of
Ekater62®0@03, 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,
(i) analysks of thermal history of matter, (iv) investigation of structural and chemical variations
of extraterrestriaiinerals in space, etc. The main space messengers reached Earth are various
meteorites which can be classified in several groups related to tigim and chemical
composition. There are irostonyiron, and stony meteorites. All meteorites contain 4ron
bearing minerals. Thereforg’Fe Mdssbauer spectroscopy is a useful tool tfar study of
extraterrestrial materials with very complex compositin the presemork, we will consider
investigations of various ordinary chondrites which are a part of stony meteorites
(undifferentiated meteorites in the modern classification ghfJ can be considered as Solar
system peers. Ordinary chondrites éshsf various irorbearing minerals such as olivine (Fe,
MQ).SiOs, orthopyroxene (Fe, Mg)SiDclinopyroxene (Fe, Ca, Mg)SiQtroilite FeS,a-, a»-
andgphases ofeNi-Co alloy, chromite FeG0O4, 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 ordinaryondrites with
different phases in magnetic and paramagnetic statesell as ferrous and ferric compounds,
>Fe Mossbauer spectroscopy was successfully applied for their investigation more than 55
yearg(the first review on the study of stony meteorites was published in 196D&@lopment

of Méssbauer spectroscopy with a high velocity resolution increased possibilities of technique
in a better quality investigation of meteorites and new resultshohddi3, 4]. Using MOossbauer
spectroscopyt was possible to identify the mairon-bearingminerals of ordinary chondrites

and their relative composition, the processes of their weathering with estimation of their
terrestrial age, the distribution of #¥and Md* cationsin silicate minerals, an analysis of the
thermal history of silicates, systematics of ordinary chondiites H, L and LL groupsising
Mossbauer parameterdhese results are considered in comparison with some other
complimentary techniges such as optical and scanning electron microscopsy Hiffraction

etc.
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Characterization of the Iron Core in Ferrifol ®, a Pharmaceutical Analogue
of Ferritin, Using M6ssbauer Spectroscopy and Magnetation
Measurement
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Ferritin molecules are responsible for iron storage in various living systems with a further iron
rel ease for or gani s m&phericabmaldpsotein $hell withinansized c o n s i
iron core inside the protein hollow. The iron core is in the form of ferrihy(sfeO3* 9H,0)

with inorganic phosphateBerritin analogues such as irpolysaccharide complexes appeared

to be good medicamenfor treatment of iron deficiency anemia. Ferfif¢CTS Chemical
Industries Ltd., Israel) is oneut of various commercial pharmaceutical products which are
manufactured for this purposéhe structure of Ferrif® molecule represents a polymaltose
shellsurrounding nansized iron core being in the form of akaganéitd&-€OOH).We report

here thecharacterization of the iron core in Ferrffoby Mdssbauer spectroscopy and
magnetizatiorstudies

Mossbauer measurements were performed using Npssbauerspectromedr with a high
velocity resolution (registration in 4096 channels) in the temperature range from 295 to 90 K
and (ii) a Mossbauer 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 performegsing a Quantum Design superconducting quantuenference

device (SQUID) magnetometer in the temperature rangi43R0

Mdossbauer 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 congponent
(sextes) appeas in the spectra at 40 and 20 K. At the temperature rangé9R9K the
Mossbauer spectra of Ferrifodemonstrated nehorentzian twepeak spectra which were
better fitted using a superposition ofiiferentquadrupole doublets with simailisomer shif.

An unusual line broadening was also observed in this temperature range. Magnetization
measurements showed that the blocking tempereae~33 K and the Ferrifdiron coreis

mainly in the paramagnetic state. These results are ieragré with previous data obtained

for ferritin and some other irgpolymaltose analogues [1,2[he observed complex character

of the Mdssbauer spectra of Ferrff@nd the temperature dependent variations of Mdssbauer
parameters were interpreted as a ltesuthe different®>’Fe local micreenvironments in the
corresponding iron core layers/regions and their low temperature structareamgements.
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Light provides one of most important ways to obtain insight on niaftem single md¢ecules

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.

Spectroscop 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 organicjdechbea
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 analyt¢epést [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 environmeartglles [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 Excitatlbmission 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)tinesgeatributions

in terms of system composition [2,3].

The same strategy is now being applied to theingasive analysis ofH-NMR signals for
oncologic diagnosis based on biological fluids [4,5].
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In the concretebasedradioactive waste repositories established in underground salt mines,
concentrated Mg@l or NaClcontaining solutions ar@ssumed to biarmedby the incidental
intrusion of water[1]. D-gluconate (Glu9, used as an additive for the formulation of
cementitious materialR], is considered as a potential ligafiod the mobilization ofactinide
ions[3]. The complexation reaction between Glaad radionuclides may be affected by the
equilibria taking place between Kgand Glué ions, thus, quantitate description of the
Mg?*/Gluc system is of particular interest.

During this work, a potentiometrias well as'H and3C NMR spectroscopic studies were
undertaken to reveal the speciation betweerf"Magd Glu¢ ions. The experiments were
performedat 5 °C, 4 M ionic strengthandin the pH range ofi2l2. In addition to the MgGluc
species known from literaturgl], the formation ofthne MgGlucOH and MgGluc(OHY
complexes was observelld and'*C NMR spectra indicated that the protons were displaced
from the metakoordinated water molecules rather than the hydroxy functions of gluconate. In
this respect, th#g(ll) gluconate complexes differ markedisom the Ca(ll) gluconate ones

[5], for which pronounceéH NMR peak broadening was detected essalltof metatpromoted

ligand deprotonation.

Unexpectedly, the titration data implied the presence of a trinuclear magnesium(ll) complex
with the formula of M@Gluc(OH)s. Additionally, its formation was corroborated by the
variations of théH and**C NMR chenical shifts observed on the pd¢pendent spectra. More
importantly, this species appears to be the ligstadilized form of Mg(OH)4?*, which was
invoked in previous solubility studies; however, it is still considered as an uncertain complex
due to expemental difficulties associated with its detect{6h.

Concerning the waste repositories, our calculations suggest that the formation of these
deprotonated complexes does not affect considerably the solubility of Mg{@idgr the
concentrations prevailgnin pore waters.
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Correlation of Hydrogen-Bonding and Catalytic Activity for Diol -based
Asymmetric Organocatalysts
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1-napthyl substitutedd , U -tetdaary#1,3-dioxolane4,5-dimethanol {nTADDOL, Fig. 1) is

one of the mosefficient diotbasedasymmetricorganacatalystsand hasbeen proven to
provide excellent stereoselectivity for a wide range of chemical conversiohslinge.g. the
hetereDiels-Alder reactior{1]. Thehydrogenbonding structuranddynamicsof 1nTADDOL

and its reactive intermediates formed wathbstrate moleculesvhich is at the heart of the
catalytic activation due tanTADDOL, havehowever remainedxperimentallyunverified at

the molecular level.

In this contributionyve present an investigation tfe intramoleculastructureof InTADDOL

and its intermolecular interaction with substrate molecules to understand the origin of the
stereoselectity using a combination of IR, NMRind IR pumpprobe spectroscopyThe
presence of hydrogemonded OH groups (OH stretching vibration at ~337¢)camd free OH
groups (~3520 and 3670 cinof InTADDOL in the infrared spectra cdre explainedy the
formation of intramolecular hydrogen boadFig. 2). Interestingly, the free OH vibrational
modeis split into two different bandsdicatingthe existenceof distincively differentfree OH
groupsin 1nTADDOL. IR and NMR spectraf 1nTADDOL in different solvents show th#te
intramolecular hydrogebonding structurenarkedly depends on the solvelR pumpprobe
spectroscopgxperiments suggettata model substratenolecule(benzaldehydegxclusively
affects the vibrational relaxation dig redshifted 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 fino aspecific interaction witlihe reactive intermediates. Thus, our
resultsindicate the formation of a structurally unique reactive intermediate, which is likely
related to the high enantioselectivity of 1nTADDOL catalysis
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Figure 17 (1) Molecularstructureof TADDOL. (2) IR absorption speatmof 1nTADDOL in toluene (3)
Transient absorption traces for the OD stretching vibraifdmTADDOL-d, with andwithout substrate for
red- and blueshifted free OD groups.
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New compounds 1;8imethoxy xanthione[l], 2,7diamino xanthione and,7-diamino
xanthone[2] have been synthesized and their absorption and transient spectra have been
measured in various solvent3uantum chemical calculations with semiemperical, DFT and
TD-DFT methods provided an important information about electronictsire 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 fittingof transient absorption spectra of the compounds has been conducted with
modern and very precigaeethod developed in3]. The method gives good qualitative and
guantitative coincidence with the experimental results.
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Figure 17 Absorption (abs) anfluorescensce (fluo) of 2 7diaminoxanthone 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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Precision Spectroscopy in Cold Samples of Fefslectron Molecules
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Few-electron molecules represent attractive systems for precision spectroscopy because their
properties can be calculated with extraordinary accuracylbynitio quantumchemical
methodq[1,2]. Comparing exp@mental and theoretical results thus offers the opportunity to
assess the limitations 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
unrecogized physical effects. We present the results of precision measurements in cold
samples of hydrogen ¢{ and metastable Hemolecules. The coldholecule samples are
prepared in supersonic beams using pulsed cryogenic valves and, in the case of metastable H
a multistage Zeeman decelerator.

In the case of the metastalléS," state of He, we exploit multistage Zeeman deceleration to
prepare slow beams of cold and fully magnetized molecules in selectedotspional
component$3]. We use the long transit times of these molecules through microwave and laser
fields to carry out highly precise measurements of (i}$§imacture intervals in the metastable

a state, (ii) the frequencies of transitions to high Rydberg states fafd (iii) the spin
rovibrational energy level structure of th€ 2S,* ground state Hé& by Rydbergseries
extrapolatior{4].

In the case of /j we measure transitions from selected rovibrational levels @kS," state

to high Rydberg states belongingpg@nd f series converging on different rovibrational levels

of X 2S4" ground state of K. The transition frequencies are determined with a relative
precision Dn/n) of 210° [5]. Extrapolation of these series by multichannel quantum defect
theory enables us to determine the spwibrational intervals of K at unprecedented
accuracy. The relevance of these results in the context of measurements of fundamental
constants and elem&ry-particle properties will be discussed.
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New Avenues for Computational Chiral Spectroscopy
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Chiral spectroscopies are powerful techniques that allow é¢berrdination 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-ainiral measurements. From circular
birefringence to vibrational circular dichson, 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 th&gn 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 typeafh&bind applications
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 welkknown spectroscopy that exposhke thiral 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 ogin 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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Predicting Excited State Dynamics from Scratchi a Path Integral
Approach Implemented on ORCA
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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 eatis#ion 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 mindg developed new theoretical models to predict
dynamic properties of excited states completely fatrmnitio using the analytical solution for

the path integral to the nuclear movenjéht These models were implemented very efficiently

on the free softwarORCA, where different methods to compute excited state statics properties
such as TEDFT, CASSCF, (ST)EOM, ROCIS are already available. Our first papasiders

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 gsddiciisg

the actual color of emission for any given molecule, such as presented on the Figure 1 below.
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Figure 17 Calculated (solid black) and experimental (dashed blue) fluorescence spectra of anthracene, in gas
phase at 433 K usingyB97X/DEF2TZVP and ORCA_ESD.
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Simulation of Fully Anharmonic Vibrational Spectra of Biomolecular
Building Blocks
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Advanced spectroscopic experiments are widely applied for understanding the biomolecules
structurefunction relationships, allowing a direct detection of differentc@bformational
schemes via microwave (MW) measurements or indirect analysis througlergfimg
vibrational features in infrared (IR), Raman, Resonance Ramaij$\f fluorescence spectra,
including also their chiral counterparts. However, the conformational flexibility and great
variety of possible interactions results that these expatahespectroscopic studies are
extremely difficult to interpret. In this talk | will present the status and perspectives of the
ongoing project aiming to bridge the gap between sophisticated experimental techniques and
often oversimplified analysis, focusg specifically on protein and DNA building blocks. In

this context, inclusion of anharmonic effects on rotational constants, thermodynamic properties,
and on both I ine positions and intensities
paving a wg toward significantly improved level of accuracy and understanding ofaftate
the-art contemporary spectroscopic results.

In this framework, computational protocol is developed through a multistep strategy, starting
from isolated molecules, oligomersdanweaklybonded 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
representedyban accurate description of 3fanformational structure of flexible systems and
vibrational modes involved in the intarr intramolecular hydrogen bonds.
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Figure 17 Experimental and fully anharmonic (GVPT2) IR spectrumofVal-PheOMe dipeptide
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3D Outer Electronic Shell Visualizaton by Laplacian of a
Helium Chemical Shift
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The outer electronic shell visualization is an important problem for physical chemistry, since
its features determine tladility of a molecule to be involved in n@ovalent 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 pasaasete
molecular electrostatic potential (MESP) [1], and electron localization function (ELF) [2] were
proposed for these purposes.

Our idea is to usiHe atom as a probe particle. Previously we have shown thatptaeibn of
helium chemical shift] 20ue, is sensitive to lone pair localization regidB$. Its sensitivity to

lone pairs is preserved at distances as large a2.8.8A from thecenter ofnucleus (in
comparison with the distance MESP minima, located at 1.0.5 A or maximaof ELF, which

areas close as 1A to the nucleus).

In this work we extend the set of investigated objects to fluoring containingo@ld with
different hybridization of carbon atoimFCCH, GHF3, RCH, We scan outer electronic shell

of investigated molecules Bide atomthen calculate NMR chemical shift for each scan point
Une and finally calculate laplacian of helium chemical shiftiie. 3D surfaces oft 2ue can
clearly demonstrate the direction of fluorine atoms lone pairs localization.

References

1. T. Clark, M. Hennemann and J. S. MurrdyMol. Model, 13 (2007) 291.
2. A. D. Becke and K. E. Edgecomhk,Chem. Phys92 (1990) 5397.
3. E. Yu. Tupikina,A. A. Efimova,G. S.Denisov and®. M. Tolstoy,J. Phys Chem A, 121(2017) 9654

Acknowledgement3his work is supported bgussian Foundation for Basic ResedfiRRBR) grant
17-03-00497.

___________________________________________________________________________________________________|
EUCMOS 2018 93



The MSR Route to Accurate Equilibrium Molecular Structures through the
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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 chanysiahl
processes, in the framework of thecsdled structurgproperty relationship. Moreover, accurate
equilibrium geometries represent invaluable benchmarks for tegfiegedt 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 tlgio 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.n order to overcome these issues, the determination of the equilibrium structure,
defined as the geometry related to the minimum of the -Bgmpenheimer (BD) potential
energy surface (PES), appears as the most appealing alternative. This kind of s¢rnotuee
challenging to be inferred at the experimental level, but its determination allows the inclusion
of vibrational effects and, within the-8 approximation, it is independent of isotopic
substitutions. Furthermore, the corresponding structural deasncan be directly compared
with theoretical results. In this contribution, we present the recently developed MSR (Molecular
Structure Refinement) softwaf#,2] specifically designed for the calculation of equilibrium
structures by means of the-called semiexperimental approad?3,4]. In addition to being
equipped with a flexible choice of the optimization algorithm and a detailed error analysis, the
MSR progam has been provided of an efficient protocol for defining automatically the
minimum set of noredundant internal coordinates employable in the fit. This strategy is based
on the extraction of all Acoordinates from a set of symmetry internal coordinatesa
completely blackhox implementation. The MSR program has been also equipped with the
possibility of including predicate observatidb$in the fit, i.e. augmenting the set of input data
(e.g. rotational constants) through suitable estimates dcftthetural parameters. Finally, the
userfriendliness 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, thenderlying 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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Confocal Raman spectroscopy (CRS) uses the advantages efsimmconfocal microscopy

as well as provides information about the biochemical changes of the sample on the molecular
level. Fourier transform infrared=T-IR) spectroscopyas additional advantage of not only
detection but also eagpantification ofmany biochemical changes. It was already shown that
both, IR and RS have huge diagnostic potefii&l] also in red blood cells (RBCs) studi8s

5]. If specific molecular change of RBCs has specific marker bands the diagnosis could take
even up to severaeconds what gives additional possibility of thevitro/ex vivochanges
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. Atdimice
microscopy (AFM)can additionally provide a mechanical fingerprint of singgé pathological
changes[6] also for RBCs[7] what makes this a promising technique in cell alteration
diagnosis. Here we presented the application BS, FFIR and AFM suppodd by
complementary techniqués 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 chanyd’BCs were analyzeddm the point ohemoglobin
structure, alterations of the lipids and proteins inside RBC membrane and mechanical properties
such as stiffness, topography and adhedide.have presented that a set of specific RS/FT
IR/AFM information may allow for detectioof some RBCs alterations in the first place, even

on the single cell level. Presented results willdmeised on then 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
alterationg3-7].
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Successful resction of cancerous tissue is highly dependent on the correct identification of the
definite boder 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 histgjeailtibgnosis

of the inspected tissues is needed. Alas, the method isctirsaming 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 spectra is effective for
distinguishing cancerous and normal tissues. The most prominent spectral markers of cancerous
tissue are located in the wavenumber region between 95@uoth1200cm®. 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 eagplicationof the

method used in the pilot studies is somewhat linieei to the need to relocate the tissue under
inspection from the operating table to thscinity of the FTIR spectrometefurthermorethe
procedure to form a tissue smear on the ATR crystal of a FTIR spectrometer requires time and
equipement.

Here we present the resultsiofsitu analysis of the suspected kidney and brain tissues using a
new designof a portable spectroscopic tool [2]. The portable spectrometer is coupled with an
ATR fiberprobe wich allows the rapid and easy sampling duestcltngeable ATR tips. The
higher signato-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 signa-noise loss due to the ks 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 oneegt closer towards thi@ 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 afss=rved 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 vibrali@pectroscopy 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 microspectroscopgnd Raman spectroscopy (RS) have a number of medical
applications [23]. Figure 1 shows FTIR spectra of pleomorphic adenoma tissue collected from
two different areas. The observed spectral patterns indicate significant changes in the spectral
regionsof 10007 1100cm® and 1700 1730cm* which areassociated with the investigated

area. The observed differentiation within the same tissue sample corresjgorids
histopathological assessment. The obtained data were compared with the spectra recorded for
saliva samples fronthosepatients. Such analysis may deliver spectroscopic markers, which
will be essential in preliminary diagnosis.
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Figure 17 FTIR spectra of salivary glands tissue from two different areas of the sample
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Extracellular vesicles (EVs) are naszedmembranous vesiclgagesent in urine and other
body fluids. They play a crucial role in many biological processes including: angiogenesis,
thrombosis or intercellular communicatiddue to the presence in almost all body fluids, EVs
are considered gmtertial biomarkers of diseaseRich source of EVs in human body is urine,
where EVs areeleased by glomerular epithelial cellsrine is of great interest for diagnostic
applicationdue toeasy and noimvasive wayof collection. Urinary EVs (UEVS) contain
different biomolecules such as proteins, nucleic acids (DNA, mRNAs, microRNAs, small
RNAs) and lipids Furthermoreit is well known thatboth rumber and content dJEVs can
reflect the state of damagetbkkidney.

Many optical and nofoptical technique have been usexb farto 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 red many othersHowever, all abovenentioned methods have some
limitations, so modern and efficient tedques are required tovestigatgphysical and chemical
propertiesof EVs. Raman spectroscopy & nondestructive, labelree method, based on
inelastc scatteringwhich can providanformation about chemitaompositionof EVs. Thus,
Raman spectroscopy seems to be a promising tool for clinical applications.

In our study we would like talemonstrate the potential diagnostic usefulness of Raman
spectrosopy technique for chemical characterization of UEVs isolated from diatztents

and healthy subjects as welleslothelial derived EVs isolated framvitro cell culture model
Since Raman spectra of EVs are comptietailed analysis of all chemical differences between
the studied samples required applicationagfvanced chemometric methods such as Cluster
Analysis (CA) and Partial Least Squares regression (PLS regres€lan)results show
unequivocally thaiRaman spctroscopy 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 (LSECSs) are highly specialized endotheliateq@iésenting

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 cellgl]. Development of No#lcoholic 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 NAFLDdafts 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 Hjh Fat Diet (HFD) provides a possibility to study the progression of
the diseaseéApplication of Raman imaging technique enables to link the chemical and spatial
information and therefore study chemical changes in chosen subcellular strittnesse use
Raman imaging to investigate cspecific changes in the biochemical phenotype of primary
LSECs at early (at"dweek) and late (¥5and 28" weeks) stage of NAFLD. Combining Raman
imaging with chemometrical analysis enables to determine the spectoasqopfile 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 functiohlipid droplets in endothelial cells is still investigated

[3].
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Over the last decadesltrafast 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
methodof 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 pOD very close to the shot noise limitan 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 titenaam probingThereforea 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 detacBoheme has for the first time allowed to
guantitatively 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 bypectral deconvolution and comparison with the ground state bleach.

' T T
250 A (nm) 275 300 325 350 400 450 500 600 700 825 1000

Figure 11 Range of available high power LEDs for quantitative measurements.

For direct comparison we can measure the reaction quantum yields with 5 % accuracy by
photometric measuremeof 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 pwer 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 photocatalgitegses.
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The study of singleukaryotic 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 populates caus

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 catigevolutionize 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 Electroplsiseare 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. Sudabanced 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 theséeria 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 showetat SERS could be used to study @l 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 otain 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 change=iulahe
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 tsainderstand the cellular molecular
dynamics under several conditions.
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Probing the interactions in different media (liquids, solids, gases) that &fgctates and
equilibria of chemical reactions is essential for applying green chemistry principles. For
reactions in liquid phase, the solvent participatésr alia in heat, mass and proton transfers;

this participation affects the yields of competing reactions. Adsorption on solid surfaegs of,

thin films and nanoparticles is governed by subssatéace interactions. Consequently, we
need to understand, henquantify and exploit substanogdium interactions. The latter are
complex; hence cannot be rationalized in terms of a single mechanism, or quantified by a single
medium descriptore.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 tipgantified, usually by a

linear combination of these descriptors. The use of this approach will be presented by showing
results relevant to solvatiqfi], adsorption on solid surfacgy, dissolution of asphalten3]

and analysis of biofuels and thelends with petroleurbased fuef4].
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Raman I maging in SERSStudies of Silver Loaded Textiles

Helena NogueiraSara Fateixa and Tito Trindade
University of Aveiro, CICECO and Chemistry Departm88t.0193 Aveiro, Portugal
helenanogueira@ua.pt

Surfaceenhanced Raman scattering (SERS) Ibeen recently used with acute relevante

many areasAlthough the SERS effect was discovered during 70e, 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 ithéurexploitation of SERS in diverse areas,
including medicine, environmental monitog and trace chemical analysig.[

The current developments of techniques such as Raman imaging, through high resolution
Raman mapping with short measurement times, hemgght a new look on composites and its
applications. Such an image can show either the chemical heterogeneity or a specific response
as SERS activity2] or a labeling process (Figure 1). In this communication, our latest results

in the development of ERS active substrates will be presented together with its evaluation
using Raman imaging. lllustrative 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 thetaromg of textile fiber dyeing [2]Our

results demonstrate that by using Raman imaging associated to the presence of Ag nanopatrticles
it is possible to distinguish the local distribution of the orgalyle (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, étiger with the study of the dye adsorption molecular
species. Textile fibres containing Ag nanoparticles have been widely explored for antimicrobial
fabrics. This inestigation allows to foresele use of this technique in terms of qualiytol

of Ag containing fabrics

.y HBC\ /@ j@ -CHs

CH3 - cr CH3

s

\_ . . . .
Ag-linen™ 5~ & EERS mag"fng.t

Figure 11 Optical photograph (left) and Raman image (right) of a silveratoimy textile fibre dyed with
methylene blue (chemical structure shown).
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Raman Vibrational Spectroscopic Study of NLO Molecular Crystals Based
on Aminopyrimidinium Salts

Il van NDRDmeena Matul kov §, R-bert Gyepes, Ma t
Charles University, Faculty of Science, Department of Inorganic Chemistry, Hlavova 8, Prague 2,

CZ 128 4, Czech Republic

ivan.nemec@natur.cuni.cz

The classof hydrogerbonded molecular crystals can be considered asceessfutesult of
crystal enginering of novel materials for nonlineaptics (NLO). These materiadgebased on
properly arranged organic molecul@arriers of NLO propertigsinteracting with selected
inorganic or organic anionghe energy of formed hydrogen bonds counteractaberal
tendencies of the organic iorte form centrosymmetric pairs. In addition, the formed hydregen
bonded structures frequently gain advantageous chemical and physical properties.

The resulting NLO properties have sevetathnical applicationsanging from harmonic
generations tstimulated light scattering. A very recent application of hydrdgmmded salts

of organic molecules (e.g. guanylurea hydrogen phosphstdased on stimulated Raman
scattering (SRS). This® NLO phenomenon is used for tlevelopment of compact and
efficient frequency converters of the emgcron laser emission based on neodymium or
ytterbium lasants.

This contribution deals witltharacterization of molecular crystals based on inorganic and
organic salts of aminopyrimides by the combination ofexperimental (i.e. vibrational
spectroscopy, XRD and calorimetry) and theoretical (solid state quartemical
calculations) method&specially temperaturéependent vibrational spectroscopic methods are
very useful tool for moitoring and explanation of phase transformations, which might crucially
influence he most oftheir physical properties (including the optical one$he several
examples of aminopyrimidinium salts of inorganic oxyacids and dicarboxylic acid will be
discwssed in detail.
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The Optimization of the Recycled Lead with Manganese Dioxide @tents
for Applications in Automobile Batteries
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Nowadays, hundreds of millions of leadid batteries are produced worldwide, which makes
the leadacid battery the most successful poweurce of all time. The raw material for their
production is practically unlimited and about 95% of the battery material can be retgedd

is the most important raw material of lead acid batteries and it is the most reused material.

In the car batterythe positive electrodactive materialis made oflead dioxide(PbQ), the
negativeelectrodeof spongymetallic leadPb) andas electrolyten 386 H.SQu solution is used

In this paper, we present the synthesis, characterization and electrochemical performances of
materials obtained by the recycling of taeodic and cathodielectrodes of spent lead acid
battery and the incorporation of Ma@ontents. Samples weobtainedby an eceinnovative
technology concerning both economic aspects (reduction of production costs, improving of
energy efficiency) as well as environmental ones (the environmental friendly ch&rHcter)

The effect of MnQ concentration on PBbG: host netvork [2] was investigated by -Xay
diffraction (XRD) analysis, InfraRed (IR), UltraViol&tisible (UV-Vis), Photoluminescence

(PL) andElectron Paramagnetic Resonance (Esfiertroscopy. Electrochemical performances

of samples used as working electrode avelemonstrated by measurements of Cyclic
Voltammetry (VC).
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Vibrational Spectroscopy of Binary Mixtures
of an lonic Liquid and Propan-1-ol

Johannes KiefeMarcus Stuckenholz, Claud@& Rullich, Bernd Rathke
Technische Thermodynamik, Universitat Bremen, Badgasteiner Str. 1, 28359 Bremen, Germany
jkiefer@unibremen.de

Mixtures of room temperature ionic liquids (ILs) and organic solvents are highly interesting
from academic and industrial viewpoints. Besidesnoiging 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 represehiear combinations of the pure component properties. However, depending
on the constituents the mixture properties can depart from the ideal behaviour substantially. The
agueous solutions of dimethyl sulfoxide showing a massive freezing point depregsesent

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 irdasaat the molecular

level, e.g., hydrogen bonds and dipdipole interactions. Consequently, a molecular
spectroscopic analysis supports the understanding of the behaviour of a mixture substantially.
In this work, we present results obtained by infreaed Raman spectroscopy experiments of

the binary mixtures of the ionic liquidlutyl-3-methylimidazolium trifluoromethanesulfonate

and the normal alkyl alcohol propdrol across the entire composition range. The data are
initially analysed using a scre@g 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]. This combination of data evaluation techniques allows obtaining a full picture

of the molecular interactions between the different moiekasgthermore, it allows drawing
conclusions about the structypeoperty relationships, which are the key famational design

of process fluids.
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Microheterogeneity in Binary Mixtures: Spectroscopic and
Chemometric Studies
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The presence of heterogeneity at a molecideel (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 mixtured 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 neaqueous mixtures are less extensive. Here, we present results of
spectoscopic (ATRIR and NIR) and chemometric (PCA, MERS, 2DCOS) studies of
binary mixtures of (a) aliphatic alcohols with aliphatic alcolibj2], (b) aliphatic alcohols with
alkaned3], (c) alkanes with alkang¢4] and (d) alkanes with aromatic hydrocanis[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 nmestare 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 isbserved 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.
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Figure 11 Concentration (top) and spectral (bottom) profiles of cyclohexane/benzene mixture obtained from
MCR-ALS. Solid, dashed and daslot lines represent the homoclusters of cyclohexane, benzene and the
heteralusters, respectively.
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Photo-Addition of Psoralen to DNA Traced by Time Resolved Spectroscopy

Janina Diekmarfiy Christian Torres Ziegenbéjrulia Gontchardy
Wolfgang Zint® andPeter Gilch
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Psoralens are natural compounds with pharmacewmalications[1]. In a UV-dependent
therapy (PUVA) they are employed to treat skin diseasespikgiasisand vitiligo. The
pharmaceutical action of psoralens can be related to their interaction witfZ)N2soralens
intercalate into DNA and upon pheéxcitation they can bind to thymine bases (see Figure 1).
These photadducts prevent DNA from replicating and may resultpoposisof diseased

cells. The phot@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 U¥xcitation[3]. The CPD formation proceeds in less than a
picoseond. The primarily excited singlet state is the precursor of the CPD. Heretofore, no
experimentatesults on the formation kinetics of the psoralA-adduct were available.

74

AMT
Figure 11 Psoralen derivativike AMT intercalateinto DNA Upm |rrad|at|on with UMA-light they bind
covalently toDNA forming a cyclobutane ring

Experiments on the psoralen derivative AMT (see Figure 1) and duplex DNA containing all
bases revealed a pheataluced electron transfer competing with the pkaxddition[4]. The

base guanine hereby acts as an electamor. 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 andmid-IR range. The singlet lifetime of intercalated AMT (1 ns) is hardly
affected by intercalation into A;®0nly 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 siptet

is shown to be the precursor of the phatiuct. The addition proceeds with characteristic
times of 26 and ~5Qus. This behaviour is in stark contrast with CPD formation proceeding on
the subpicosecond time scale from a singlet precursor. Thenoafithis difference will be
discussed in relation with results from quantum chemjSiry
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The Trials and Tribulations of Becoming a Spectroscopy Specialist

Marco van de Weert
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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 expesé 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
guestiorbeing 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 ligratur

Such an occasion will be illustrated using the example of spectroscopic approaches to
characterize ligantdinding to proteins. Although there are many excellent papers available, |
and ceworkers have documented how many hundreds of fundamentallyeotpapers have
recently engred the scientific literaturd{3]. Flaws include, but are not limited to, ignoring the
well-known inneffilter effect in fluorescence, reporting protein amide backbone fluorescence
when there is none, performing FRET caldolas when lifetime measurements show there is
none, and incorrect execution and analysis of\WS spectra. Many of these papers have
appeared in specialty journals, which means that novices in the field may be fooled into
believing these papers contaire tstateof-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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New Avenuedor Matter -Wave Assisted Spectroscopy

Markus Arndt
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Recent advances in the realization of mattave interferometry witeomplex moleculefl,2]

have openend new avenues to study their electronic and optical properties in molecular beams.
The molecular mattewave interferogram represents a ffggng nanostructure of the
probability density to find a molecule. It represeat nanometric ruler in free space that is
measurably shifted when the molecules interact with external perturbations. This setup is highly
sensitive to external field8] and can even reveal the absorption of on average less than a single
photon per moleule. | will discuss recent experimeidd and new ideafb,6] how to exploit
guantuminteference assisted metrology to learn about the optical absorption of complex
molecules, even in a setting where the molecule has has not seen the spectroscaogicinadiat

a classical sengé].

Figure 11 A threegrating mattemwave interferometer allows imprinting a nanostructure onto a molecular beam
in free flight. The displacement of the molecular interference pattern can serve as a senkitive too
for spectroscopy4].
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Photoprotective Mechanisms in RotosynthesisStudied by Time-Resolved
FTIR Difference Spectroscopy
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Time-resolved FTIR difference spectroscopy (FRIR-DS) is a powerful technique in the
investigation of biochemical reactions, providing tinesolved details at the atomic level on

the reaction mechanismsktansfer, etrand er , chemi c al modi ficati or
We have studied photoprotection mechanisms in by THR-DS, not only on isolated proteins,

but alsoin 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 TRFTIR-DS studies from au groups showed themolecular details of the
conformational changes associated to the photoactivation of the protein [2], recdtst oa
wild-type and mutants OCPs show that an intermediate state in the OCP photocycle can be
trapped at low temperature, ainlly using specific mutantan be characterized by TR IR-

DS [3].

T T T T T T
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Figure. 11 FTIR difference spectrum after continuousiilination of wildtype OCP. In the 1680620 cmt
region bleaching o helix signal can be observed.

In a second study, we studied the photoprotective mechanism of diateiva In this case in

was possible, on a second time scale, to follow byFTHRR-DS the response of the
microorganism to strong light, implying a xantophyll cycle. We could follow different chemical
events (chemical epoxydationfdpoxydation of carotenoids; plastoquinone pool reduction;
localized pH changes; energy dissipation maidms; 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 teiframework of present and future
capabilities of the THETIR-DS technique.
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VCD Spectroscopy of Nucleic Acid Supramolecular Structures

Valery Andrushchenko
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Vibrational spectroscopy is a versatile, widely available and highly informative tool, which has
been succesdully 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 ailadatircular
dichroism (VCD) and Raman optical activity (ROA) significantly broadened the applicability
of the vibrational spectroscopy and enhanced the obtained structural informagién.
spectroscopy is particularly useful for studies of supramoleasisemblies of biomolecules

due to enhanced signal originating from their highwter arrangement. Supramolecular
structures often represent a problem for other chiral methods, such as electronic circular
dichroism (ECD) and ROA because of strong liglatttering, 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 tipriEu
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Detection ofFractal Dynamics ofProtein by Terahertz Spectroscopy
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Glassymaterialsuniversallyshow theboson peakwhich is one of the unsolved problems on
glass physicsjn the terahertz regiofi-3]. On the other hand, in polymer glaasd proteins
havingself-similarity of monomer molecules,is expected thdtactal dynamics appesabove
boson peak frequend#,5].

Until now, the fracal dynamicsoften has been discussed by using {reguency Raman
scattering p], and ecent terahertz spectroscopic studisehnotmentionedaboutdetection of
such excitaion In this study,we propose how to detect fractal dynamics by terahertz

spectroscopy using proteas an example.

Myoglobin

> ° + 11K
¥ 295K
1
log(Frequency) (THz)
Figure 17 log U vs'log frequency for the imaginary part of complex dielectric constdmts/oglobin
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The global economy is predicted to become increasingly carbohydbated over the next
decade. While the growing impact of canlgdrates on energy, food security and healthcare are
already clear, the future development of new carbohydh@ded therapeutics, materials and
energy sources will depend heavily on our building a better understanding at the molecular level
of the structuve-function relationships of carbohydrates. As traditional structural methods are
often difficult to apply to carbohydrates, new approaches are urgently reduigethain topic

of the talk is to present a new spectroscopic approach to studying carbelsydretures 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 circularpolarized light (Figre 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 interaans of olige or polysaccharides and glycoproteins that govern
their physiological functions and use as healthcare products e.g. hyaluronan.
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Figure 117 General approach for studying carbohydrate structures baseahamnfROA spectroscopic analysis.

Experimantal

J

References
1. A. Melcrovd,J Ke s s | er ). KininskpRhys. ShemnGhem. Phy$8 (2016) 2130

AcknowledgementsThe grant of the Czech Science H&odation (1600270S) is grafelly
acknowledged.

___________________________________________________________________________________________________|
EUCMOS 2018 117



CoelenteramideContaining FluorescentProtein as a Simplest Bioassay for
Monitoring Results of Chemical and Radioactive Exposures

Nadezhda Kudryashe¥ Rosa AlievAand Alena Petrova
a|nstitute of Biophysics SB RAS, FRC KSC SB RAS, Krasnoyarsk, 660036, Russia
bSiberian Federal Universy, Krasnoyarsk, 660041, Russia
¢Krasnoyarsk State Agrarian University, Krasnoyarsk, 660049, Russia
n_qdr@yahoo.com

Fluorescent proteins are modern and promising tools for biological and medical investigations.
They are applied as fluorescent biomarkiersmonitor intracellular processes. Intracellular
synthesis is an important benefit of these biomarkers. Apart from thekmeelin Green
Fluorescent Proteins, the Blue Fluorescent ProtemSdelenteramid€ontaining Fluorescent

Proteins, CLMCFPg are not widely applied in biomedical research, and their potential is
underestimated now. A fluorophore of t8&M-CFFs is a coelenteramide (CLM) molecule,

which is noncovalently bound to a protein inside its hydrophobic cavity. The CLM is a
photochemically etive molecule; it is abléo donatea proton in its electreexcited states,
generating several forms of different fluorescent state energy and, hence, of different
fluorescence colorContributions of the forms to the visible fluorescence spectra depend
efficiency of the photochemicakoton transfeand 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 pmotdonor efficiency and change of color of t8&M-CFP
fluorescence. This property makes tbeM-CFPsas promising tools for monitoring a bio
destructive ability of the external factors in biological macromolecules. Discharged
photoprotein obelin fronObelia longissimawas chosen as a representative ofGh&-CFP

group. Lightinduced steadgtate fluorescence spectra of discharged obelin stedéedunder
exposureto exogenous compounds (alcohd¥ViSO), and ionizing radiatiomf gamma and

beta typesFluer escence intensity and contributions
Ablgureeeno (ionized CLM structure) formnts to t
was found that the destructive exposures result in a decrease of the maximal fliworesce
intensity and rise of contribution of the fiv
to thechange of proton transfer efficiency in a fluorescent state of Glevice, CLMCFPcan

serve as a fluorescence biomarker with color differentiabamdanitor results of exposure of
biomolecules to destructivexposuressuch as toxic compouna@sd ionizing radiationThe

new bioassay can provide fluorescent multico
physiological liquids.
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Label-Free Tissue Classification by QCL based IRmaging

Klaus Gerwert
Department of Biophysics
RuhrUniversity Bochum, Germany
gerwert@bph.rub.devww.bph.rub.de

Infrared imaging in combination with bioinformatics is emerging tool for labefree, 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, deepelrning 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. Wablecie
differentiate between subtypes in IJ2g, colon[3] and recently bladder cancer to predict, how
aggressive the cancer will develop.

An important milestone was than the combination Wathics technologies providing in
addition to spatial also necular resolution. The labélee classified tissue is cut out by laser
microdissection and analyzed by proteomics. This is successfully applied to the lung infiltrating
mesothelioma subtypes can¢#} validation approach identifying the biomarker pamsgd 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 fibrenbladder has to be
resected.

A major breakthrough is obtained now by a Q&iased microscope. The IR images show the
same quality as the FTiRhages before. Especially disturbing coherence effects are largely
reduced. Most advantageous is the short m@agtime. 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 apigltions of tissue classification by-iRiaging.
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Non-Destructive Applications of Infrared Spectroscopy for Assessment of
Tissue Pathology and Regeneration

Nancy Pleshko
Dept. of Bioengineering, Temple University, Philadelphia, PA 19122 USA
npleshko@temple.edu

Tissue engineering approaches are being developed to overcome the limitatisrenvfepair
methods, which are due largepart to thechallenges of regeneratimgtivediseasedissues.
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 developmenis i$fan important area

to address, as engineeressuesdeveloped in similar environments can exhibit very different
matrix and biomechanical propertifg. Accordingly, nordestructive techniques to assess
engineered tissueduring development such thappropriate compositional endpoints can be
defined are desirabl@]. Fourier transform infrared (FTIR) spectroscopy in the mid and near
infrared rangeare intrinsically label free, can be ndestructive, and provide specific
information on the chemicabmposition of tissueslere, we describe the use of spectroscopic
techniques for nodestructive assessment and imagingissfuerepair and regeneration, and
discuss the potential for clinical translation
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Figureli A. FTIR imaging of ahistologial section ofepairing cartilage defeeind subchondral bone (left).
The contrast is based on inherent molecular vibrations of sugar rings in glycosylated fdrdtenes
absorbances in cartilage arise from collagaide and side chain absorbances an
proteoglycangglycosylated proteins (right)).
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Advancing Raman Microspectroscopy for Cellular and Subcellular
Analysis: TowardslIn vitro High Content Spectralomic Analysis

Hugh J. Byrn& Franck Bonniet, Alan Case$, Marcus Mahef, Jennifer Mcintyré

Esen Efeoglf andZeineb Farharié
2FOCAS Research Institute, Dublin Institute of Technology, Kevin Street, Dublin 8, Ireland
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avenue Monge, 3720Tours, France
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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 tiergial 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 ymoéric nanoparticles by human lung celfgobing the
limitations of the technique in terms of reproducibility and specificity of spectral signatures of
subcellular events and pathwayse subtle spectroscopic changes associated with the cellular
perturbaéions are elucidated using a range of multivariate data mining techniques, and the
challenge of identifying consistent reproducible label free spectral markers is additeissed.
demonstrated that the signatures are reproducible and characteristiceliutz 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 prdpose
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Infrared Spectroscopy for Clinical Chemistry and Medical Diagnostics
Techniques and Miemometricsfor a Successful Marriage of Two Fields

H. Michael Heise
SouthWestphalia University of Applied Sciences, Interdisciplinary Center for Life Sciences,
58644 Iserlon, Germany
heise.h@fkswf.de

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 fiegtablished 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 plasa) 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 whicipragpr

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 stofthedLS 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 concentregim blood as reached with prescribed doses. The
goal is a laboratory analyser for clinical chemistry. In this contextfildny preparations
robotically prepared on muitvell titer plates (MTP) were analysed in transmission aiming at
high-throughput aplcations. 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 f¢igsts

Another important applation is continuous patient monitoring under intensive care conditions.
For this glucose, besides lactate and others, is one of the most important pafj@,3¢t&ve

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 markedlgafgsis 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 FTHpectroneters creates further challenges concerning

the available spectral range for mwdhalyte monitoring, which will be discussed in detail.
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Spectroscopic Determinants in Photodynamic Therapy

Luis G. Arnaut
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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 cytotox{d]. The photodynamicefficacy 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 subcelll@ralization, because ROS are sHoréd 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 nedrared absorptins 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 theapy, such as biodistribution and pharmacokinef&§]. 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 suamnselati

to their introduction in the clinic.

SO5H

Figure 17 Bacteriochlorins used as photosensitizers in PDT.
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Spectroscopy in the 2% Century: The Future of Molecular Spectroscopy
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Occasionally one is faced with the question:
for the various meetings dedicated to it I
Molecular spectroscopy is alasvely 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
AMol ecul ar Spectra and Mol ecul ar Structureo
molecular spctroscopy. 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 transformemahance

methods, the introduction of time and space resolved spectroscopies or the advent of surface
metal and tipenhanced spectroscopies, to mention only a few.

As we consult the notorious crystal ball for predicting the future of molecular spegyose

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 endeasartainly 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 limiations 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, | intend to go out on a limb and invoke some of the emerging new forces
such 3 the recently detected gravitational waves or the still enigmatic dark energy. The intent

of my presentation i s t oofthebiorx Ou p etaltse np mmtg . an d

I
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Excited State Energy Mechanism and Luminescent Properties of Eu(lll)
Complex with Phenanthroline- Theoretical and Experimental Study

Ivelina Georgievj Natasha TrendafilofaTsvetan ZahariéyNina Danchoviand

Stoyan Gutzo¥
a|nstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev Str. 11,
1113Sofia, Bulgaria
bDepartment of Physical Chemistry, Faculty of Chemistry and Pharmacy, University of Sofia, J. Bourchier 1,
1164 Sofia, Bulgaria
ntrend@svr.igic.bas.bg

The excited state properties of Eu(ph&dDs): complex (phen=1,X@henanthroline) were
studied using grund state DFT and excited state-DBT calculations in combination with
Sparkle/RM1, Jud®f el t and Maltabs approximations. TE&
vertical excitation energies, relaxation/optimization of the first singlet and tripleeehstates

(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(lll) complex was achieved by calculations of ligaadeu(lll) intramolecular energy
transfer and backansfer rates as well as of the quantum efficiency and quantum yield of the
Eu(lll) emission applying the Luminescent Package LUMPAC. The validation of the combined
approach used for description of the angemphen chromophore and its complex with
europium(lll) was based on comparison with the experimental absorption and emission spectra
of phen, Eu(phen)(NOs)sz and Gd(phenjNOzs)s. The most probable channel of the energy
transfer involves transition betwe#re lowest energy triplet state;Jbf phenligand and the

°Dy level of Eu(lll). The predicted luminescent quantum yield is of 32 %.
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Figure 11 Excitation, emission, transition energies (in eV) and luminescent properties of Eu(iNay
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Synthesis, Photophysical Properties and DFT Quantum Chemical
Calculations of Novel AzoDiketopyrrolopyrrole Dyes

Anton Georgie% J 0 z e f R, rAmi Btoilovat, Ddyan DimoV®, Ivaylo Zhivkov’ ¢ and
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Diketopyrrolopyrrole (DPP) and azo dyes are widely used in photonic technology de# to th
photosensitivity. Here, we present the synthesis of three novel azo diketopyrrolopyrrele (Azo

DPP) dyes in order to investigate their spectral and photophysical properties. The molecular
geometry was optimized by DFT/B3LYP hybrid functional combineth whe standard-6

31+G(d,p) basis set farans (E)andcis (Z)isomers. The thermodynamic parameters such as

total electronic energy E(RB3LYP), enthalpyqkl free Gibbs energy £ge and dipole moment

€ wer e c ot (BE)amddis (Z)iogomer s i n or derranstvampeénsitci smat «
PHrans vciR&n Y0 i0st r PSvales. The introduction of electron withdrawing (EW) or

electron donating (ED) substituents on phenylazo fragments was to obtain unsymmetrical
electron (pushpull”) distribution on the molecular backbone of Azo DPP dyes (Fig. 1).

CFj3

Oy Oy

HaCO

Figure 17 Structure of the Az&PP dyes with different EW and ED groups.

The dynamic photoisomerization experiments have been performed irsBivtfonwith UV-
irradiationss = 3 F0BEY @ convérsion) and white light 46800nm for ZY E conversion)

in the spectral region 300800 nm at equal concentrations and times of illumination in order
to investigate th@ft r a n s Y c i isoierizationkimetics of the dyesThe fluorescence
spectra were also done to estimate absorption and emission propeires ¢E)andcis (Z)
isomers.
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Theoretical Analysisof the N-(4-Flourophenylthio)phthalimide Molecule

Meryem EvecemndHasan Tanak
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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 loe&atechby

using the density functional methods (B3LYP) witBBLG(d,p) basis set. Alsatural bond
orbital (NBO) analysis was applied to investigate the stability of the molecule arising from
charge delocalization. Global and local reactivity desarpteere also computed to predict
reactivity and reactive sites on the moledal2].

O F

Figure 11 The theoretical geometric structure of title compound.
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Quantum Chemical Characterization of the Infrared Spectra of
E- and Z-Ethanimine and its Isotopes
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Scuola Normal&uperiore, Piazza dei Cavaliéfj [-56126 Pisa, Italy
sandra.vieirapinto@sns.it

Ethanimine is a molecule of interest in the field of prebiotic chemistry, because of its plausible
role in the formation of alanen(one of the twenty amino acids in the genetic cod8).[lt can

be found with abundance in the hot cores of interstellar medium clouds, such as the Sagittarius
B2 cloud (Sgr B2) [1], were both isomeEBdndZ) 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 daafeintal 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 structur&odndZ-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 stateof-art of computational methods, fundamental IR transitions, overtones and
combination bands of botk and Z isomers of ethanimine (G@HNH) and deuterated
ethanimine (CBCDND). The predicted IR spectra are used tovestigate the experimental

data recordd in argon matrix by Stolkiet al.[5]. Finally, we are also investigating the IR
spectra of two other isotopic species CHNH and CH®CHNH), however the available
spectra were recorded in lengsolution gagphase IR, where only the strongest fundatal

bands were observed [6].

J

Figure 171 Structure ofE-ethanimine (lefiside) andz-ethanimine (righside).
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Conformational Studies of 3-Cyclopropylaminomethylenepentane2,4-
dione Using Vibrational and NMR Spectra, andAb initio Calculations
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The aim of this work is the conformational study aneérnptetation of vibrational and NMR
spectra ofthe title compoundHsCz-NH-CH=C(COCH). (CPAMP). It belong to the
so-called puskpull olefines which are often used as starting reactants or intermediates in many
organic syntheses. The high polar character of pudihethylenes and the electronic
interactions between substituents are responsible for theilimear ogical properties. The
electron donocyclopropylaminogroup in the investigated compouhds a special influence

on its conformational equilibria due to the possibility to create an intramolecular hydrogen
bond.

CPAMP can theoretically exist in eigliiZa, 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 faransandcis acetyl group, respectively, and the conformational possibility
due to theanti andsynorientation of the cyclopropylamino group to the C=C bond is denoted
by the third letterThis work containsheoretical calculationandX-ray, vibrationaland NMR

study as wellX-ray studyrevealed=Za conformerin solid stateln the IR and Raman spectra

in very polar solvents only one conformer is present but in less polar solvents the second one is
observed. MP2ndDFT calculationsn different basis sets predict for CPAMP ttenformer

with EZ orientation of botlacetyl gropsasthe most stable one followed by tB2 one (Table

1) and withanti orientation ofcyclopropylamino grougt has been shwn that the conformers

with E orientations of both acetyl groups are ilo¢ stable onesThese observations are
explained bytheinfluenceof environment polarity on the conformational equilibrium angl
discussed with respect to the SCRF solvent effect calculationsR&SiMgnodel.

Table 17 MP2/cecpVTZ and B3LYRcc-pVTZ calculated ab initio relative energiagk and dipole momenis
of CPAMP conformers in vacuugni not found)

CPAMP (MP2) EZa EZs EEa EEs ZEa ZEs ZZa Z7s
&E (kJ/ mg 0.00 35.87 n n 36.53 40.04 10.03 40.64
p (D) 5.19 5.43 5.92 4.97 1.94 2.87
CPAMP (B3LYP) EZa EZs EEa EEs ZEa ZEs ZZa Z7s
& E(kJ/mol) 0.00 46.90 | 69.42% n 35.38 53.59 8.20 50.11
U (D) 5.46 5.71 7.89% 6.34 5.37 1.91 291

*values obtainable only using-p&/DZ basis set
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Density Functional Theory Approaching on Structural Analysis of New
Tetramer Barbiturate Molecule
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Poly(vinyl chloride) (PVC) has a poor heat stability. The degradasothermostatically
occurred by dehydroathitination in the polymer chairso thatinorganic or organic thermal
stabilizers are commonly used for protect the polymer from heat degraldatiBarbiturate is

also known plastic additives which is nontoxic organic, thermally stable materials of high
melting point.Especially, larbiturate can act as-#tbnor through their enolic hydrogen groups,
which can intervene with the radical species derivechfthe thermal degradation of PYQ.

In this studythe new tetramer single crystal structure of barbiturate has been synthesized. Then,
its structure was analyzed bBjemental analysis, single crystalrXy diffracion, PXRD pattern

and vibrational spetroscopic(FT-IR and Raman) techniquéBigures 1 and 2)Additionally,

the geometriesof monomerand dimer forns of barbiturate ligand, and the geometry of the
synthesized new single crystal structofebarbituratewere optimized by density functional
theory (DFFB3LYP) methods with LANL2DZ basis setFurthermore,the optimized
geometric parameters, normal mode frequencies and corresponding vibrational assignments of
the molecules have been determined via same method and badidos=iver reliable
vibrational assignments have been made on the basis ofipbt@rdrgy distribution (PED).
Regression equations have been obtained in order to show the good agreement between the
experimental and theoretical vibration modes. Thezgeations are obtained asy0.9954x +

7.8131 R2R2 = 09995. The resulteereshown that a good agreement was observed between
obtained theoretical and experimental data.
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Figure 117 The molecular structure of the Figure 217 PXRD patern of the molecule.

new tetramer barbiturate molecule.
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Structural, Spectroscopic and Energetic Properties of Creatinine
Conformers by Quantum-chemical Calculations
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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 struictoreperty relationship
[1]. In this respect, investigations undesolation conditions are of foremost chemical
significance, because they allow avoiding the competition between amttlaintermolecular
interactions in tuning the overall conformational behaviour. Under this point of \a&atipnal
spectroscopy is anxeellent tool for retrieving the structure of molecules in the gaase.
However, in many cases and especially for biomolecules, the support of qudneomeal
(QC) calculationss fundamentafor 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
guarium 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 spedtrdstyiour.

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 seatyopoints on the potential
energy surface (PES) of creatinine, itke minima and the corresponding connecting transition
states, and to determine their structural and energetic properties. For the minima, spectroscopic
parameters relevant to rotatidspectroscopy are determined. Structural and spectroscopic data
are evaluated by using density functional theory (DFT). In particular, the B3LYP and B2PLYP
functionals augmented by the D3 [2] dispersion correctigare employed in conjunction
with the SNSD[3] and maugcc-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 andvadeace effects.
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Theoretical Investigation of the Electron Transfer Dynamics in a
Hydrogen-Evolving Ru-Pd Molecular Photocatalyst
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Time dependent density functional theory calculations and the Marcus theory of electron
transfer (ET) were applied on the molecular photocatflysf(tbbpy)Ru(tpphz)PdG]?* in

order to elucidate the lighhduced relaxation pathways populated upon excitation in the visible
region. The dependency of the catalytic efficiency on the excitation wave[@highds to the
guestion of how the nature of the initially populateditextcstates 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 ohe complex. The computational results show that after the initial excitation,
MLCT triplet states are energetically accessible, but that an ET toward the catalytic center
(PdCb) from these states is a slow process, with estimated time constants abolesfiend,

the calculations predict that Ielying Pd-centered stateddescribing an energy transfer toward

the catalytic centerare efficiently populated. Thus, it is postulated that these states lead to the
dissociation of a Clion and are consequéntresponsible for the experimentally observed
degradation of the catalytic cen{84]. Following dissociation, it is shown that the ET rates
from the MLCT states to the charge separated states are significantly increased-{icé. 10
times larger). Tts demonstrates that alteration of the catalytic center is required to generate
efficient charge separation.
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Structur e and NMR Properties of Acetic Aid/Cyclohexane Binary
Solutions Studied Using Molecular Dynamics/Quantum Mechanics
Approaches
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Acetic acid is one of the simplest organic acids with considerable impofitamtemistry.
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 yaetpbod description of the liquid structure

on the molecular level. In contrast, molecular dynamics simulations show that acetic acid
molecules prefer to form chalike structures linked via hydrogéyonding (HB). Similar
results have been deduced usingdeangle Xray scattering. Raman spectroscopy andhélo
calculations also lead to the conclusion that acetic acid molecules form a chain sftjicture
The 'H NMR measurements of acetic acid and cyclohexane binary solutions showed a very
interestinghornrmonotonic evolution of the chemical shift of the acidic proton with the changing
concentration of the componeri®y. This evolution clearly reflects the peculiarities of the
association of acetic acid in these systems, which until now have not beeugthly studied.

The formation of acetic acid dimers or higher order associates and the changeigrirtives
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 thetrans conformers, acetic acid monomer and cyclic dimer dissolved in
cyclohexane. MD simulations were performed using ORI&Sand 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 molecidaciatesn the

liquid state. We have thus performed careful geometrical analysis of the recorded trajectories
which shows that cyclic dimers and trimers as well as elif@rstructures are all formed in the
liquid acetic acid. We have quantified the mamage of all these aggregates.

We also have performed calculations of tReNMR 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 allowpl&ning 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 bingrsolution. 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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Calculation of the Raman and IR Frequencies as Order Parameterad the
Damping Constant (FWHM) Close to Phase Transitiongn
Methylhydrazinium Structures
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Temperature dependences of the f)r3e(@Hge,ncs es |
(HCOO) ,5( €V NN) and | R 2rame datculated cloge tq theHphase transition
temperature (d=218 K) in CHNH2NH2M(HCOOQO)(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 constéfWHM) from the order parameter (Raman and IR
frequency of those modes) by using the pseudospin {M&tions)phonon coupled model (PS)

and the energfluctuation model (EF) for methylhyrazinium metal formate frameworks.
Expressions of the damping coeust 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 the2@iHpmahdus)Rbdeh & WiHO: T
frequencies in particular, and also the Ramaf r e q u e n ¢(HEOO) o0 & N(@NINp 3
modes, which are associated with the phase transition, can be described adégutitely

molecular field theory in MHyM, as observed experimentally. Also, the damping constant
calculated from the PS and EF mtsdean explain the observed FWHM of those Raman and

IR modes in methylhydrazinium metal formate frameworks.
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A Theoretical Study on Molecular Structures and Vibrational Spectra of
Cyanide Complexes with 1,2Dimethylimidazole: [M(dmi) 2Ni(mCN)4]n
(M = Cu, Zn or Cd)
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The cyanidebridged complexes with 1.@methylimidazole, [M(dmNi(mCN)]n (dmi =
dimethylimidazole; M(Il) = Cu, Zn or Cd), was experimentally investigated by Raman
spectroscopy and -¥ay single crystal diffraction analysis in our previous st{dy In this
study, the molecular geometry and vibrational frequencigéseofomplexes in the ground state
have been calculated by using DBBLYP and DFFTB3PW91 with LANL2DZ basis set. A
good correlation was found via comparison of the experimental and theoretical vibrational
frequencies of the complexes. The complexes haga btudied in the 400250 cm' region

and assignments of all the observed bands were made. The analysis ofiifharfefRaman
spectra indicates that there are some strucoeetra correlations.

(a) (b) (c)
Figure 17 Optimized molecular geometry of [M(dralNi(mCN)4]» (M = Cu(ll) (a), Zn (1) (b), Cd(I)(c)).
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A Theoretical Study on the Molecular Structure and Vibrational Spectra of
Homonuclear Cyanide Complex ofNi(etim)sN i {CBl)2(CN)2]n
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The homonuclear cyanigmmplex of the type [Ni(etim)aNi {CBI)2(CN)]n was
experimentally investigated by HR, Raman spectroscopyd X-ray single crystal diffraction
analysis in our previous studg,2]. In this study, the molecular geometry and vibrational
frequencies of the complex in the ground state have been calculated by usHBgD¥H and
DFT-B3PW91 with LANL2DZ basis set. ood correlation was found via comparison of the
experimental and theoretical vibrational frequencies of the complex. The analysis oflfRe FT
and Raman spectra indicates that there are some structure spectra correlations.

(b)

Figure 17 Molecular model and optimized structure (a) and experimental schema (b) of the complex.
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Coordinative Bonding Perturbation of some First Series Transition Metal
lons by the Glycine Ligand
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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 exp@nental measurements are achieved by accurately determining the spectral
shifts or magnitudes of perturbations extracted from the correspondwigible spectra of the
solution complexes. The observed spectral shifts are interpreted as perturbatitmes on
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 stat@slot of the observed spectral shifts

or magnitudes of perturbations against the computed intensities of perturbation (IP), where IP
= { I(mieX)}* (with my and edenoting the molality of the interacting species in solution and
their corresponding 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 perturhatiom
parameter componern# where n is the order of perturbation correction on the energy of the
bare transition metal iQmives the relative magnitudes of the components of the perturbation
tuning parametermmbda,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.

3n= n((é + aﬁ(l)ﬂ Z:Brm(z"' é )

wh e rigthesobserved-d el ectroni ¢ t §Qdstheitransitiomfrequeneyinu e nc y
the absence of any ligand pertuibat n  a d 3@ +3are the first and second order terms
in the perturbation expression.
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Computational Insight into the PNP-Lariat Ether Complexes with Some
Alkali and Alkaline Earth Metal Cations

I nes Despotovil
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Supramolecular hogjuest 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, weiind to display very interesting catitanding propertie$l].

In this work a complexation of some alkali and doutthyarged alkaline earth metal cations

with PNPRlariat ethers [NPsR4O(CH.CH20)4] (R=H (1), NMez (2), NC(NMe»)2 (3)) in the gas

phase hasden studied by the DFT B3LYR&L1+G(3df,2p)//B3LYP/631+G(d,p) quantum
chemical method. The obtained computational results indicate that these ligand structures act
as efficient and very selective scavengers df Na', K*, Be?*, Mg?* and C&" cations,
exhibiting gas phase cation affinities in a wide range of 644®6.1 kcal mot. The cation

affinity of the hosts has been found to be significantly amplified by attaching the electron
donating group to thesR3 ring. The Bader's topological analysis tietelectron 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 obtbeks

metal centers with the N/O atoms in the studiechplexes possess the predominantly ionic
character, except those of Bametal cations with the N atoms that coorespond to the
intermediate type of interactions. The charge donation from thel&® ether to the metal

cation was established from thebibal 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 consideredaRbtRethers complexes

R R
PL
R LR
/ N7\
o 0 1(R=H)
[ j 2 (R=NMey)
3 (R=NC(NMe,),)

Lo J

Figure 171 Structural formula of macrocyclic systerh$ 3.

are provided and will beliscussed. The calculated IR and WS absorption spectra of the
selected complexes will be presented.
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Formic Acid Dimers in a Nitrogen Matrix ?
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Formic acid (HCOOH) dimers are studied by infrared spectroscopy in a nitrogen mataix and
initio calculations. The lifetime of the higdnergycis-FA in a nitrogen matrix is very long (~11

h) compmared with other noblgas matrice$l]. Due to this stabilization, a large proportion of
the cis conformer can be produced by vibrational excitation of the lamergy {rans
conformer. Threetranstrans, four transcis, and threecis-cis dimers are foud in the
experiments. Thecis-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 fdroreof cis-cisdimers upon vibrational
excitation oftrans-cis dimers. Tunneling decays of several dimers have been detected in the
dark. The tunneling decay ois-cisdimers of formic acid as well as the stabilizatioristunits

in cis-cisdimers arealso observed for the first time.
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Figure 17 Light-induced interconversion between tienstrans dimer TT2 and theérans-cis dimer TC1 in a
nitrogen matrix. The difference spectra show the results of excitation at 6848 @ipper spectrum) and 6969.8
cnt ! (lower spectrum) corresponding to the first overtones of the OH stretching fundamentals at 3509.22)m
and 3571.1 cni(TC1), respectively. The spectra were measured at 8.9 K.
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Raman Spectrosopy of Matrix Isolated Complex between Glycolic Acid
and Nitrogen: High Overtone Induced Isomerization
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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 molecule$1,2]. The high overtone excitations of the matsolated molecules can be
generated by the direct absorption of visible light. The photon energy at 532 nm (18%)97 cm

is sufficient to excite fifth overtone manifold of theHDstretching mode of carboxylic acids.

Gl ycol ic aci d-hydoxycarbbcglic acith aohtairgng two OH groups and it is
capable to form interand intramolecular hydrogen bonds. The refmared induced
isomerization of glycolic acid has been carefully studied in low temperature mBjicéhe
different neatinfrared 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 photonduced isomerization.

In the preseninvestigation, 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 anéshlts 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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Study of AcetylsalicylicAcid by the Means of Matrix Isolation

Rasa Platakytand Justinas Ceponkus
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rasa.platakyte @gmail.com

Acetylsalicylic acid (ASA, more commonly known as aspiris) @ nomsteroidal anti
inflammatory drug which has been widely used for over 100 years. The molecule itself is an
aromatic compound with carboxy and ester groups abttie positions. Matrix isolation
experiments have been previously performed withdaliacid (SA) but not with ASA1]. As

the vapor pressure of ASA is too low to make the mixture at room temperature it was heated to
between 60C and 110C, searching for the optimal temperature since thermal decomposition
occurs by elimination adicetic acid and evaporation of both SA and A3A

T T T T T
1800 1600 1400 1200 1000

Wavenumber, cm?
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 agfe-O band.

The best results seem to dletained by heating the sample to®@(figure 1) even if we still

have some amount of acetic acid. The clearest region for the comparison of two molecules is
between 1800 crhand 1650 cm where we can observe C=0 stretching vibrations. Acetic acid
hasa band at 1778 ctnfor its one and only C=0 group while ASA has two at 1752 amd

1705 cmt. The difference corresponds well to the theoretically calculated values of C=0
stretching vibrations (1828 chin ester group and 1780 ¢nin 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 t@ 1This effect could possibly be due to molecular
complex formation with water or conformational changes.
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Photochemistry of Matrix -Isolated 3(Tetrazol-5-yl)aniline

Magdalena Pagadfostrzewa Magdal ena Sagdyka and Mar i
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Tetrazole derivatives have drawn attention of chemists due to their diverse practical applications
as environmentally friendly energetic materiailsl &aluable ligands in coordination chemistry
forming new topologies and exhibiting interesting properties such ascl@Esover
phenomena. However, the most spectacular are applications of tetrazoles in medicine and
pharmacy. Many of the medicinal app@lions of tetrazole derivatives originate from the
properties of the tetrazolic acid fragment NIt has similar acidity to the carboxylic group,

is almost allosteric with it, but is metabolically more stable. Hence, the COOH groups are often
replaced byhe CNyH 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 {he3ting

In this contribution, the molecular structure and photochemistry(igftfazots-yl)aniline (TA)

were studied in argon and nitrogen matrices by infrared spectroscopy and B3LYP/6
311++G(2d,2p) calculationg.A exists in two tautomeric forms:HLand H. The infrared
spectra of TA/Ar and TA/Nshow that only Bi-tautomer is present in low tenmpéure matrices.
Phototransformations of the monomeric TA isolated-temperature matrices were induced by
narrowband UV radiation from the OPO laser system. The monochromatic radiation obthe 33
nm wavelength led to treeecomposition of the studiedropound. 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-éninophenyl)cyanamide formation.

References

M. PagaczZKostrzewa, J. Krupa @M. Wierzejewska]. Phys. Chem. A 18 (2014) 2072.

M. PagaczZKostrzewa, J. Krupa and M. WierzejewsBaPhotochem. Photobiol., 277 (2014) 37.

M. PagacZostrzewa, |.D. Reva, R. Bronisz, BV. Giuliano, R. Fausto and M. Wierzejewska,Phys.
Chem. A115 (2011) 5693.

wh e

AcknowledgementsThe research was supported by tNational Science Centre Project No.
2014/13/D/ST4/01741A gr ant of computer time from the Wr
Supercomputing is gratefully acknowledged.

___________________________________________________________________________________________________|
150 EUCMOS 2018



Photochemistry of Acetohydroxamic Acid in Solid Argon.
FTIR and Theoretical Studies

Magdal ena Sagdyka
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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 activardiiotics, antitumor and antifungal agents, and specific
enzyme inhibitorg1l]. 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 hydroxamc acids are still not well recognized. The knowledge of the exsiize 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 toxicateah p
compoundsAccording to the literature, photoirradiation of this class of compounds may lead

to the initial photolytic scission of the-@ bond or to the acylaminoxyl radical genera{i®h

The literature reports on the structural properties aioagelroxamic acid (AHA) inform that

the stability of different conformers of AHA is strongly dependent on the environfitent.
studies on the tautomeric and structural properties of acetohydroxamghawrdd that AHA
trapped from the gas phase into s@rdon exists in the matrix predominantly as tEekéto

isomer with intramolecular hydrogen bond. THe Kieto form is also present in equilibrium

with the IZ keto one, however its population is low with respect to thketo isomei3].

The importance fathe AHA molecule for pharmaceutical applications triggers questions about
the influence of UWIS irradiation on the structure and photochemical properties of AHA. The
performed irradiation of acetohydroxamic acid isolated in argon matrices with fplitcafta

Xe arc |l amp or to 225 nm OPO radiation prom
photodissociation reactiong]. Four pairs of coproducts are experimentally found in the
photolysis, they form the complexé&:OH@INCO (1), HOGIHNCO (2),H. 0@ H;CNO

(3) and CAIHsNHOH (4). The structures of the complexes were optimized at the MP2
computational level with the at-pVTZ basis set. Three local minima were predicted for the
complex (1), two for the complexes (2) and (3) and four locaima@nwere 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 fourmmducts are proposed. It is concluded that the first
step in formation of the (1), (2) and (3) complexes is the scission of@ddhd, whereas the
creation of the complex (4) is due to the cleavage of thebond.
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UV-Induced Conformational Isomerization Study of
Matrix -lIsolated 2Amino-5-Chlorobenzoic Acid
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In this work, 2amina5-chlorobenzoic acid (ACIBA) was studied by matrix isolation
spectroscopy in argon matrix at 15 K. The molecule has four different conformers, differing by
internal rotation about thei©€ and GO bonds. Théowest energy form (O=C-C dihedral

angle of 0) was experimentally observed in the IR spectra of trlepssited ACIBA matrices.

UV irradiation ait > 234 nm of the matrixsolated compound was found to lead to conversion
of this conformer into the otheonformers and also to decarboxylation of the compound, with
production of CQ@ and 2amina5-chlorobenzene (ACIB), whose vibrational signatures could
be identified in the spectra of the photolysed matrix.

The analysis of the experimental data on maswtated ACIBA was supported by extensive

guantum chemical calculations.

DEzr= 0.0 DEzpv=12.3 DEzrv= 29.1 DEzpv= 38.0

1y

Figure 1 ¢ Conformers ofACIBA. Conformer | corresponds to the lowest energy form.
(Relative energies are given in kJ ol
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Structural and Spectroscopic Properties of Weak Complexesf
Atmospheric Relevance

Justyna Krupand Maria Wierzejewska
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Weak interactions are important for understanding properties of matter including gas phase,
liquid and solid statg1,2]. Many physical and chemical processes are governed by non
covalent interactions characterizeddiyding energy typically less than 80 kJ imbMolecular
complexes are considered to contribute into-gesse chemistry of interstellar media and
planetary atmospher¢3,4]. Isothiocyanic acid (HNCS) and isocyanic acid (HNCO) are well
known asinterstellar molecules and were detected in the rich molecular cloud Sagittarius B2
(Sar B2)[5,6].

In this contribution, we present results of theoretical and experimental studies of complexes
formed by HNCg7] and HNCO with sulfur dioxide. As the maexperimental method matrix
isolation (MI) combined with the infrared spectroscopy (FTIR) was useeFTNR is an
established technique for studying weak molecular complexes providing valuable spectroscopic
and structural information. Data obtained for tmmplex 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 dfferent structures of the 1:1 stoichiometry were optimized for both HN®S and
HNCOE SO, systems. Three of them involve a wealdR O hydrogen bond whereas two other
geometries are stabilized by van der Waals interactions of various types. The HNB&/SO
and HNCO/SQAr 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.
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FTIR, DFT and MP2 Studies on Glycolic Acid Nitrogen Complexes
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Glycolic acid (hydroxyacetic acid, GA) is the primary representant di-thalroxy 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 confam({&SC, GAC and AAT) were
identified in argon matrix after depositi¢h-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 theoreticadly at t
MP2/6-311++G(2d,2p) and DFT B3LYP/811++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:N 1:1 and 1:2 ratio, respectively. In all these minimaid joined to
monomers by the ®1¢ N or GH® N 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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IR Spectroscopy of Acetic Acid Dimers in Helium Nanodroplets
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Dimers of carboxylic acids are classic examples of hydrogen bonded structures. Fhe well
known cyclic dimerotransacet i ¢ aci d (AA), which contains
is the lowest energy structure and is prevalent in the gas phase. How#éwecrystalline state,

one strong OIT HLLLO=C and one weak CTHLLLO=C
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 hygkn 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 spectrosf2jpy

Figure 1 shows an IR depletion spectrum that was measured by monitorirfgatige ¢n 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 3578anim these are assigned to bound

and free OH stretching modes in two metastable dimersua$ AA. The structures of these

dimers are presented in Fig. 1 and were calculated at the NR2(8+,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 tight looks remarkably similar apart from the
location of the carboxyl hydrogen on the second AA molecule.

0
2900 3000 3100 3200 3300 3400 3500 3600 3700
wavenumber / cm”
Figure 17 Experimental IR spectrum faransacetic acid dimers formed inside helium nanodroplets along with
calculated structures for the two assigned metastable dimers.

% depletion
©

The mechanism by which the two metastable dimers are formed inside helium nandroplets will
be presented, along with quantitatiméormation on the pairs of hydrogen bonding interactions
of fundamental importance to the crystalline structure of AA.
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Chemistry Triggered by Infrared Vibrational Excitation i A Case Study

of Thiourea
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Proton transfer processes in thiourea isolated in an argon matrix at low temperature are already

wellstudi ed. I

rrad.i

ati

ng

UV 1 ight

tautomer with botfanti (a-11 ) andsyn(s-Il ) conformations. Keeping this safe at 10 K and
in darkness the reverse reaction (proton tunneling) takes place, leading to the conversion of

a-ll into the precursof. [1,2] Moreover,according to quantum chemical computations, the

NIR irradiation ofa-1l should lead to vibrationallycéivated tunneling td or induce an over
the-barrier transformation te-Il . Therefore, after the generation afll, the matrix was
irradiated at frequencies corresponding to the overtones and combination bands of this isomer
in order to confirm the theetical results and to observe the formatioh ahds-I1 .
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=3 7 - % .-
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Figure 17 Potential energy surface for the conversioamti-Il into | andsyrtll .
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Jet-Cooled Laser Induced Fluorescence and Dispersed Fluorescence of
CHxFs; xCH20 (x=1, 2, 3) Radicals

Gyorqgy TarczayBenedek KoncZz8 bor Bazs:- and Krist-f H
Institute of Chemistry, E6tvds University, PO Box 32,918, Budapest 112, Hungary
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Hydrofluorocarbons (HFCs) are commonly used as refrigerants, solvents, propellants, and for
etching in semiconductandustry. Their industrial production largely increased in the late
1980s, because the Montreal Protocol has phased out the production of chlorofluorocarbons
(CFCs) that | argely contributed to the depl e
hawe 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 1,4rfflouro ethane (R143a) have zero ODRjile their

global warming potentials (GWP, as compared te)Ge 12, 124, and 4470Q]. In addition,

each of these compounds is relatively stable in the atmosphere, especiallyfiglirh ethane,

that has an at mos p h e[td] Realizingfthestpiobteen, nwife thdn@505 2 vy ¢
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 fatecades.

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 @and then with NO yields fluorinated alfpg@roxy (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. €llpurpose of the present work was to spectroscopically
characterizéd-monofluore (MFEO), b,b-difluoro (DFEO), and,b,b-trifluoro ethoxy (TFEO)

radical by moderate resolution LIF and DF spectroscopy. We also analyze the tendencies in
structural and speascopic 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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Matrix Isolation Studies of Nickel Fluorides
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Nickel is commonly found in its +2 oxidation state, but higher oxidation statgpounds are
known. In the case of the fluorides, NiE well known in the solid and vapour phase, NiF
the solid state is mixed valence tNINi**F¢]), and NiR is unstable abovis5 °C. This study
focuses on the molecular properties of the nickelrfles species. It is looking at vapour phase
species using matrix isolation techniques to stabilise the $fiecies formed. The studied
compounds were made by reacting metal atoms of Ni with different concentratigiioinF
the gas phase and conddimaatca. 10 K. Nickel metal atoms are thermally generated by
heating a filament of pure nickel. The chaemisation is conducted by UVis and IR
spectroscopyl]. Photolysis and annealing of the matrix were carried out. Although ibliF
well studied in rare gas matricgs5], there are no reports of molecular matrix isolated NiF,
NiFz or NiFa.

Computational calculations using B3LYP381+G(d) and B3LYP/def2tzvpp within GO9W
have been used to help assign the spectral features anaidetéhe molecular geometry of
each of NiF, Nik, and probably NiFmolecules formed.
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Rotationally ResolvedElectronic Spectrum of N-MethylCarbazole in the
GasPhase:A Study of Methyl Group Internal Rotation
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Rotationally resolvedfluorescenceexcitation spectrumof the origin bandin the S; - S

transition of N-MethylCarbazolehas beenrecordedin the collision-free environmentof a
molecularbeam,usingHigh ResolutionLaserinducedFluorescencéHRLIF) technique.
N-MethylCarbazoles afascinatingmolecule It is a planarmoleculeandits symmetryleadsto
studyof aninternalpotentialof six-fold symmetry While thebarriersto suchrotationareoften
small, methyl groupscanhaveprofoundeffectson intramolecuar dynamics.So, duethevery
low barrier,the potentialbarrier can be treatedas a perturbation.Our interestis on learning
aboutthe effect dueto the bondamongnitrogenatom andthe torsionalbarrier heightof the
-CHs groupin N-MethylCarbazolenolecule,in both S and$; states.

Inertial parametersleterminedrom the spectralanalysisperformedon this molecularsystem
suchasrotationalconstants&ndthe potentialenergycurvesof theinternalrotationof themethyl
group,in bothelectronicstaes,will bediscussedn thistalk.

The changeof the barrier height by electronicexcitationin N-MethylCarbazolewherethe
nitrogenis presentwill be comparedwith othertoluenederivativesin termsof the internal
rotationalmotion of theattached CHs groupwherethebondis givenwith a carboneatom.
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Rotationally Resolved Electronic Stark Spectroscopy of-Eyanoindole and
the 3-Cyanoindole-Water Complex
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The electronic origin of-8yanoindole has been investigated using high resolution laser induced
fluorescence spectroscopy (HRLIF) to analyse its electronic nature. By means of evolutionary
algorithms, moleculaparameters 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 thedegeneracy 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 wassestigated. The different molecular parameters were used to
assign the band to optimized CG@¥TZ structures by comparing the experimental and
calculatedab initio values

Figure 17 3-Cyanoindole and its water cluster within their main inertial axes.
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Observation of 1,2, 1,3 and 1,4Dimethoxybenzenewia High Resolution
Laser Induced Fluorescence Stark Spectroscopy
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The different rotamers of 1,21,3 and 1,4dimethoxybenzee were investigated using high
resolution laser induced fluorescence spectroscopy. The molecular parameters, obtained from
fit using an evolutionary strategies were compared to the resuléb afitio calculations and

used for structural assignment. Twvestigate 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 comped to predicted dipole moments via vectorial addition of the anisole
dipoles and to the results ab initio calculations.

Finally, the conformational space of Bnethoxybenzene is discussed in particular.

L 2

Figure 11 Graphical Abstract observation of 4,2,3 and 1,4dimethoxybenzenesa high resolution laser
induced fluorescence Stark spectroscopy
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Electronic Specta of 1,2 Dimethoxybenzene
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The structural changes of lgidmethoxybenzene 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-6fggldmetry
parameters to a set of only 3 rotational constants can be resolved using additional information
from complementary experiments. With the aid of FraBokdon (FCanalyses using a normal
mode analysis based on the CCZ88€TZ optimized structures we were able to fit the relevant
parameters both to the FC intensities as well as to the rotational constants.

Figure 17 Dispersed fluorescence spectrum of the eleatrorigin (15 trace: Experimental spectrunf2race:
Simulated spectrum/%race: Fit spectrum)
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