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The plenary speaker this year is Dwayne Miller (Toronto) while invited
overview talks will be given on the first day by:
David Klug (Imperial):

Multidimensional Infrared Spectroscopy

Michael Först (CFEL):		

fs-Xray spectroscopy

Klaas Wynne (Glasgow):

Terahertz techniques

John Tisch (Imperial):

Attosecond spectroscopy

Additional invited talks by leading international speakers:
Martin Wolf (Fritz-Haber Inst)
Villy Sundstrom (Lund)
Erik Nibbering (Max Born Inst)
Andrei Tokmakoff (MIT)

Location
The workshop will be held in the Collins Building at the University of Strathclyde, which houses the beautiful Court/Senate suite. The address is 22 Richmond Street, Glasgow G1 1XQ, UK. The lectures will be given in the Senate
room, while the coffee breaks and lunches will be provided in adjacent committee rooms. The poster session will be held in the Barony Hall (see conference dinner information). When you arrive at the Collins Building, avoid the
Collins art gallery on the left, and instead take a rather narrow stair on the
right up to the first floor. Travel information can be found on the conference
website.

Poster information
The poster session will be held on Thursday the 15th at 18:00 in the Barony
Hall on Rottenrow. A poster promotion session will be held on Wednesday the
14th at 17:30 where each poster presenter will be able to present a 1-minute
introduction to his or her poster. Each poster author will be provided with
a bulletin board, which can display an A0 poster in portrait format. The
bulletin boards will be marked with the name of the first author. Authors
are requested to display their posters from 17:30 on Thursday the 15th and to
remove them after the conference dinner.

Speakers’ information
The invited talks are 40 minutes including 5-10 minutes of discussion. The
contributed talks are 20 minutes (including 5 minutes discussion). Speakers
are requested to check in with the session chair five minutes before the session begins.
The conference room is equipped with overhead projector, data projector,
VHS playback, DVD playback, audio playback, microphone, and wireless network. We will provide a Windows laptop with Office 2007, which may be used
for your presentation. However, feel free to bring and use your own laptop,
which can be connected to the projector at the front of the room.

On-site facilities
There will be Wi-Fi access on campus. On checking in, you will be given two
forms. One of these should be filled out with your information, while the
other contains information on how to connect to the University network.
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The International Workshop on Ultrafast Chemical Physics (UCP 2011) will be
held at the University of Strathclyde in Glasgow on 14-16 December 2011. The
two-day workshop aims to encompass the current state of the art in ultrafast
chemical physics & physical chemistry and to include invited seminars and
contributions from leading international researchers.
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You will have to set a proxy server to automatic proxy and URL http://wwwconfig.strath.ac.uk/proxy.config. It is also be possible to use Eduroam, details
of which should be available at your home institution.

Bursaries
Students who applied for bursaries will be notified after the conference if
they have been successful. Please retain all travel tickets and receipts and we
will provide a claim form by email for successful applicants.

Conference dinner
The conference dinner will be held on the evening of the 15th of December at
the Barony Hall, Rottenrow. The venue will be the same as for the poster session and all delegates who have registered for the dinner should make sure
they bring their ticket with them. The ticket will also include a complementary pre-dinner drink. The dinner will follow the 17:30 poster session at 19.45
and will have a Scottish theme. Additional wine can be purchased through
bar.

Sponsors
This workshop has been made possible by funding from
•

The Engineering and Physical Sciences Research Council (EPSRC)

•

The University of Strathclyde Bridge the Gap

•

Glasgow University Bridge the Gap

•

Andor Technology

•

Coherent, Inc.

•

Edinburgh Instruments

•

Horiba
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International Works
Ultrafast Chem
Wednesday 14 December
12.00-13.00

Lunch and registration

13.00-14.00

David Klug

Multidimensional infrared spectroscopy

14.00-15.00

Michael Foerst

fs-Xray spectroscopy

15.00-15.30

Coffee

15.30-16.30

Klaas Wynne

Terahertz spectroscopies

16.30-17.30

John Tisch

Attosecond spectroscopy
Poster promotion session

17:30-18:30

Thursday 15 December
8.30-9.30

Dwayne Miller

Plenary presentation - “Making the molecular movie”:
first frames…coming soon with REGAE Musik

9.30-9.50

Philippe Wernet

C1 - A time-resolved x-ray view of molecular dissociation in
the gas phase and in solution

9.50-10.10

Tom Penfold

C2 - Ultrafast time-resolved x-ray absorption spectroscopy:
photochemistry in the condensed phase
Coffee

10.30-11.10

Martin Wolf

Invited talk 1 - Transient electronic structure probed by
trARPES: from electron solvation in ice to phase transitions in solids

11.10-11.30

Charles Schmuttenmaer

C3 - Using time-resolved THz spectroscopy to study carrier
injection and dynamics in TiO2 and SnO2 nanomaterials

11.30-11.50

Paul Donaldson

C4 - Surface enhanced 2D-IR spectroscopy of gold nanoparticle capping layers

11.50-12.10

Ruben Pool

C5 – Molecular reorganization at aqueous biomimetic interfaces

13.00-1340

Villy Sundstrom

Invited talk 2 - Photochemistry and excited state dynamics of eumelanin building blocks

13.40-14.00

Susan Quinn

C6 - Excited state charge transfer species in DNA: an ultrafast infrared time-resolved vibrational spectroscopy study

lunch
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orkshop on
hemical Physics 2011
14.00-14.20

Michael George

C7 - TBC

14.20-14.40

Igor Sazanovich

C8 - Ultrafast dynamics of photoinduced charge transfer in
transition metal complexes: a TRIR and 2DIR insight

14.40-15.00

Bernhard Lang

C9 - Hot ground state signature as fingerprint of the pathway of an ultrafast bimolecular charge separation reaction
tea
Invited talk 3 - Hydrogen bond structure and dynamics
of photoacids

15.30-16.10

Erik Nibbering

16.10-16.30

C10 - Femtosecond study of water dynamics around ions
Sietse van der Post and hydrophobes

16.30-16.50

Kamila Mazur

C11 - Hydration water dynamics at biological interfaces:
optical kerr effect study

16.50-17.10

Anna Uritski

C12 - Femtosecond 2D-IR spectroscopy of hydrogen-bond
dynamics of cyclic oligomers

17.10-17.30

Henk Fidder

C13 - Dynamics and couplings of N-H stretching excitations
of guanosine-cytidine base pairs in solution

17.30 Poster Session
20.00 Conference Dinner

Friday 16 December
Huib Bakker

Invited talk 4 - Water interfaces studied with two-dimensional surface vibrational spectroscopy

9.40-10.00

Jan Helbing

C14 - Polarization in mid-infrared spectroscopy. Common
principles for enhancing chiral, transient and 2D signals

10.00-10.20

Jens Bredenbeck

C15 - Mixed UV/Vis-IR multidimensional spectroscopies

10.20-10.40

Matthijs Panman

C16 - Lubricating a molecular machine

9.00-9.40

Coffee

11.00-11.40

Tony Parker

Invited talk 5 - Intracellular Imaging, Uptake and Ultrafast IR Spectroscopy of Combretastatins & Femtosecond
Stimulated Raman Studies of Vitamin E Analogues

11.40-12.00

Jonathan Hirst

C17 - Computing the chiral two-dimensional UV spectroscopy of proteins

12.00-12.20

Ian Mercer

C18 - Do photons add up in optical wave mixing?

12.20-12.40

Daniel Horke

C19- Probing dynamics in multiply charged anions through
photoelectron angular distributions
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Phase control of quantum materials probed by ultrafast
X-ray diffraction

Michael Först
Max-Planck Research Group for Structural Dynamics, Center for Free Electron Laser Science, University of Hamburg,
Hamburg, Germany
Controlling the phase state of condenser matter in a non-thermal fashion is one of the main goals in ultrafast science. In
quantum materials – where macroscopic properties are balanced by a subtle interplay between charges, spins and the
lattice – the complex electronic, magnetic and structural states can be manipulated by coherent optical excitation of
specific vibrational modes at mid-infrared wavelengths. In this field, our group has demonstrated control of insulatormetal transitions and magnetic order in colossal magneto-resistive manganites, as well as light-induced
superconductivity in underdoped high-Tc cuprate compounds.
In this talk, I will summarize our recent efforts in exploiting synchrotron radiation and free electron lasers to
gain insight into the dynamics of the complex physics at hand. Particularly, resonant soft X-ray diffraction has evolved
as a valuable tool to monitor the transient changes in the charge, orbital, and magnetic order parameters while the
systems undergo vibrationally driven phase transitions.

Schematic of vibrationally induced demagnetization of a
charge, orbital and spin-ordered manganite compound.
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Terahertz spectroscopies
Klaas Wynne
University of Glasgow, School of Chemistry, WestCHEM, Glasgow, G12 8QQ, UK

Terahertz technology and terahertz spectroscopy have become topics of great interest with an exponential growth
in the number of citations (see Fig. 1). These novel techniques are supposed to ﬁll what is known as the “terahertz
gap” in spectroscopy. In my presentation, I will discuss the relatively new technique of terahertz time-domain
spectroscopy (THz-TDS) and compare it with work carried out previously as well as other techniques that complement THz-TDS such as dielectric-relaxation spectroscopy (DRS), far-IR spectroscopy, and optical Kerr-effect
(OKE) spectroscopy. THz-TDS data is crucial in tying together DRS data at lower frequencies with far-IR data at
higher frequencies. As low-frequency relaxational modes change the refractive index in the terahertz range, it is
critically important to measure both. Far-IR spectroscopy lacks phase information but allows the high-frequency
tail of condensed-phase spectra to be measured. The importance of such complete spectral information will be
demonstrated using spectra of solutions. 1
OKE spectroscopy measures a reduced Raman spectrum from ~100 MHz to ~10-30 THz without gaps. In
principle such a reduced Raman spectrum contains the same information as a wide-band dielectric spectrum.
However, in practice the Raman spectrum emphasizes other aspects of the spectrum. Using dielectric and OKE
spectroscopy of room-temperature ionic liquids, it will be shown that this can lead to new insights into the structure and dynamics of liquids. 2,3
Finally, I will discuss terahertz emission spectroscopy 4,5 and its application to charge transfer processes in proteins. 6

Fig. 1. (left) Citation to papers mentioning “terahertz” in the abstract (WoS, November 2011). (right) OKE
(black) and dielectric loss, !” (red) data for ethylammonium nitrate at 25 °C (the relative amplitude scaling is
arbitrary). 3

References

(1) Turton, D. A.; Corsaro, C.; Candelaresi, M.; Brownlie, A.; Seddon, K. R.; Mallamace, F.; Wynne, K. Faraday
Discuss. 2011, 150, 493-504.
(2) Turton, D. A.; Hunger, J.; Stoppa, A.; Hefter, G.; Thoman, A.; Walther, M.; Buchner, R.; Wynne, K. J. Am. Chem.
Soc. 2009, 131, 11140-11146.
(3) Turton, D. A.; Sonnleitner, T.; Ortner, A.; Walther, M.; Hefter, G.; Seddon, K. R.; Stana, S.; Plechkova, N. V.;
Buchner, R.; Wynne, K. Faraday Discuss. 2012.
(4) Beard, M.; Turner, G.; Schmuttenmaer, C. J. Phys. Chem. A 2002, 106, 878-883.
(5) Wynne, K.; Carey, J. Opt. Commun. 2005, 256, 400-413.
(6) Groma, G. I.; Colonna, A.; Martin, J.-L.; Vos, M. H. Biophys. J. 2011, 100, 1578-1586.
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Attosecond Science
John W.G. Tisch
Blackett Laboratory, Imperial College London SW7 2AZ
High harmonic generation (HHG) is a frequency up-conversion process in which a
femtosecond laser pulse at high intensity (>1014 Wcm-2) interacting with a gas-phase target
generates coherent, extreme-ultraviolet (XUV) radiation. HHG has been an intensively
studied research topic for more than two decades [1,2,3].
In the last ten years, it became clear that HHG can produce XUV pulses of sub-femtosecond
duration, i.e. of attosecond duration (1 as = 10-18 s) [4,5,6], providing scientists with the
shortest controllable probes currently available for tracking ultrafast dynamics. Alongside this
activity it was discovered that the radiation emitted during HHG encodes structural
information about the emitting molecule with sub Ångstrom resolution as well as attosecond
temporal resolution. Techniques to extract this information have come to be known as “HHG
Spectroscopy” [7]. These two important developments have led to an explosion of research
activity which has led to the creation of an exciting and vibrant research field known as
“Attosecond Science” which is already beginning to revolutionise our ability to observe and
control electronic processes in matter.
In this talk, the process of HHG in gases will be introduced. This will lead to a discussion of
HHG as a probe of molecular dynamics on an attosecond timescale (PACER technique [8]),
and the use of HHG for the generation of isolated attosecond pulses. Time permitting, recent
work on the utilisation of multi-colour laser fields to enhance HHG will be described as well
as preliminary efforts focused on the generation of attosecond pulses in ablation plasmas.

1

12

McPherson A.; Gibson G.; Jara H.; Johann U.; Luk T.S; McIntyre I.A.; Boyer K.; Rhodes
C.K J. Opt. Soc. Am. B, 4 595 (1987)
2
Ferray A.; L'Huillier A.; Li X.F.; Lompre L.A.; Mainfray, G.; Manus C. J. Phys. B: At. Mol.
Opt. Phys., 21 L31 (1988)
3
For a relatively recent review see Pfeifer T.; Spielmann C.; Gerber G. Rep. Prog. Phys., 69
443 (2006)
4
Farkas G.; Tóth C. Phys. Lett. A, 168 447 (1992)
5
Paul P.M.; Toma, E.S.; Breger P.; Mullot G.; Augé, F.; Balcou, P.; Muller, H. G.; Agostini
P. Science, 292 1689 (2001)
6
Hentschel M.; Kienberger R.; Spielmann C.; Reider G.A.; Milosevic N.; Brabec T.; Corkum
P.; Heinzmann U.; Drescher M.; Krausz F. Nature, 414 509 (2001)
7
For a review see Marangos J.P.; Baker S.; Kajumba N.; Robinson J.S.; Tisch J.W.G; Torres
R. Phys. Chem. Chem. Phys., 10 35 (2008)
8
Baker S.; Robinson J.S.; Haworth C.A.; Teng H.; Smith R.A.; Chiril! C.C.; Lein M.; Tisch
J.W.G.; Marangos J.P. Nature 312 424 (2006).
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"Making the Molecular Movie": First
Frames…..Coming Soon with REGAE Musik
R. J. Dwayne Miller
Max Planck Research Group for Atomically Resolved Dynamics, Department of Physics, University of Hamburg,
Centre for Free Electron Lasers
Departments of Chemistry and Physics
University of Toronto,
dwayne.miller@mpsd.cfel.de

Abstract: Femtosecond Electron Diffraction has enabled atomic resolution to structural changes as
they occur. Recent results will be presented, including the latest advance in electron sources, direct
observation of structure order parameters, and classic cyclization reactions.

Introduction:
Femtosecond Electron Diffraction has enabled atomic resolution to structural changes as they occur,
essentially watching atoms move in real time ! directly observe transition states, the very essence of
chemistry and biology. This experiment has been referred to as "making the molecular movie" and has
been previously discussed in the context of a gedanken experiment [1]. With the recent development of
femtosecond electron pulses with sufficient number density to execute single shot structure
determinations, this experiment has been finally realized. A new concept in electron pulse generation
was developed based on a solution to the N-body electron propagation problem involving up to 10,000
interacting electrons that has led to a new generation of extremely bright electron pulsed sources that
minimizes space charge broadening effects. Previously thought intractable problems of determining t =
0 and full characterization of electron pulses on the femtosecond time scale have now been solved
through the use of the laser pondermotive potential to provide a time dependent scattering source.
Synchronization of electron probe and laser excitation pulses is now possible with an accuracy of 10
femtoseconds to follow even the fastest nuclear motions. The camera for the “molecular movie” is now in
hand.
Several movies depicting atomic motions during passage through structural transitions will be shown.
Atomic level views of the simplest possible structural transition, melting, will be presented for a number
of systems in which both thermal and purely electronically driven atomic displacements can be correlated
to the degree of directional bonding. Optical manipulation of charge distributions and effects on
interatomic forces/bonding can be directly observed through the ensuing atomic motions. New
phenomena involving strongly correlated electron systems will be presented in which an exceptionally
cooperative phase transition has been observed. The most recent studies of the classic ring closing
reaction of a model diarlyethene system exploited the ability to photocycle the reaction coordinate to
dramatically improve the signal to noise. Even with reversible systems there are severe limitations in the
number of photon cycles. These studies were made possible with recent advances in rf pulse
compression and higher energy, higher bunch charge, electron sources. The very first initial motions
involve propagation along the excited state surface with the closing of the carbon-carbon gap and motion
to the conical intersection, have been resolved by a combination of optical and electron probes of the
reaction dynamics. This work, in conjunction with time dependent DFT calculations, is giving
remarkable new insights to the reaction mechanism through an atomic perspective of barrier crossing
dynamics. Further advances in electron source brightness using relativistic electrons promise 1-2 orders
of magnitude further increase in intensity and accompanying spatial-temporal resolution. These latest
developments will be discussed in the context of developing the necessary technology to directly observe
the structure-function correlation in biomolecules ! the fundamental molecular basis of biological
systems.
References
1. R. J. Dwayne Miller, R. Ernstorfer, Maher Harb, Meng Gao , Christoph T.Hebeisen, Hubert Jean-Ruel, Cheng Lu, Gustavo
Moriena, and German Sciaini, “Making the Molecular Movie: First Frames” ACTA CRYSTALLOGRAPHICA, 2010, A 66 Pages:
137-156
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A time-resolved x-ray view of molecular dissociation in the
gas phase and in solution
Philippe Wernet
1
Helmholtz-Zentrum Berlin, Institute of Methods and Instrumentation for Synchrotron Radiation Research, AlbertEinstein-Str. 15, 12489 Berlin, Germany

Abstract. We use ultrafast soft x-ray spectroscopy to map the electronic structure of molecules during chemical reactions in the gas
phase and in solution. Time-resolved soft x-ray spectroscopy gives unique access to the electronic structure and hence allows for
unprecedented insight into the transient states of atoms and molecules in chemical reactions.

Molecular structure and chemical bonding determine the dynamic pathways of molecules in their multidimensional
landscapes and hence define the outcome of chemical reactions. Characterizing structure and bonding in short-lived
reaction intermediates and transient states of molecules during chemical reactions is hence the key to understanding
chemical selectivity.
Here we present our time-resolved x-ray view of molecular dissociation reactions both in the gas phase and in
solution. We extended our recent investigation on the ultrafast dissociation of Br2 molecules in the gas phase with labbased femtosecond photoelectron spectroscopy1 to mapping the electronic structure of dissociating NaI in the gas
phase2. In addition we succeeded in mapping the electronic structure of the prototype transition-metal carbonyl
molecule Fe(CO)5 during dissociation with femtosecond time resolution at the free electron laser x-ray sources FLASH
in Hamburg, Germany, for the gas-phase dissociation reaction3 and in solution at LCLS in Stanford, USA4.
Free electron x-ray lasers offer a unique approach to the atomic-scale chemical dynamics as they allow for the first
time for a complete mapping of the atom-specific electronic structure of atoms and molecules during chemical reactions
and in various environments. Time-resolved femtosecond x-ray spectroscopy reveals chemical bonding both in real time
of the reaction and from the atom’s perspective in an element-selective way.
At FLASH we succeeded in monitoring the evolution of the electronic structure with time-resolved valence and
core-level photoelectron spectroscopy all the way from the photo-excited Fe(CO)5 molecule through the reaction
intermediate Fe(CO)4 to the final product Fe(CO)3 (Fig. 1). At LCLS we used time-resolved Resonant Inelastic X-ray
Scattering (RIXS) to probe the femtosecond dynamics of photo-excited Fe(CO)5 during dissociation into Fe(CO)4 and
CO in ethanol solution in a symmetry-sensitive and element-selective way and locally at the Fe atom. The similarities
and important differences between the reaction mechanisms of Fe(CO)5 in the gas phase and in solution and how these
are revealed with time-resolved x-ray spectroscopy will be discussed.

Fig. 1. Schematic representation of the photo-dissociation reaction of a molecule [shown here is one scenario for the dissociation of
Fe(CO)5 in the gas phase. Fe atoms are depicted in blue, C in grey and O in red].

This contribution will conclude with perspectives for the investigation of chemical reaction dynamics with timeresolved x-ray spectroscopy and with a particular emphasize on the complementarities of FEL-, lab- and storage-ringbased methods.

References
1
2
3
4

Ph. Wernet, M. Odelius, K. Godehusen, J. Gaudin, O. Schwarzkopf, W. Eberhardt, Phys. Rev. Lett. 103, 013001
(2009).
In collaboration with the group of M. Vrakking (Max-Born-Institut Berlin), and M. Odelius (Stockholm University)
In collaboration with the group of M. Meyer (European XFEL), S. Düsterer (DESY), and M. Odelius.
In collaboration with S. Techert (MPI-BPC Göttingen), M. Odelius, K. Gaffney (PULSE; SLAC, USA) and others.
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Ultrafast time-resolved X-ray absorption spectroscopy: Photochemistry in
the condensed phase.
T.J. Penfold(a,b,c) , R.M. van der Veen(b) , V-T Pham(b) , C. J Milne(b) , R. Abela(c) I.
Tavernelli(a) and M. Chergui(b)
a) Ecole polytechnique fédérale de Lausanne, Laboratoire de chimie et
biochimie computationnelles, ISIC, FSB-BSP, CH-1015 Lausanne, Switzerland.
b) Ecole polytechnique fédérale de Lausanne, Laboratoire de spectroscopie
ultrarapide, ISIC, FSB-BSP, CH-1015 Lausanne, Switzerland.
c) SwissFEL, Paul Scherrer Inst, CH-5232 Villigen, Switzerland.
Time-resolved X-ray absorption spectroscopy offers a direct method for extracting both local geometrical and electronic changes during a chemical reaction.
Using both the near edge (XANES) and extended (EXAFS) regions of the spectra experiments have successfully obtained detailed information about the excited
state reaction dynamics for a range of complex systems in solution.
In this talk we outline recent progresses and particular experimental and theoretical challenges within this theme. We present results on the solvation dynamics
of aqueous iodide, which following photodetachment of an electron exhibits a significant solvation shell rearrangement and the formation of a short live transient
complex. We also present results on electronically excited transition-metal complexes, in particular the excited state dynamics and solvent effects for the diplatinum complex ([Pt2 (P2 O5 H2 )4 ]4− ) and rhenium complex ([Re(L)(CO)3 (bpy)]n ).
Both complexes have the potential for a broad range of applications ranging from
light conversion, processing of optical and magnetic data and photocatalysis, therefore understanding their photo-excited dynamics in-situ is critical to the development of future applications.
[1] C. Bressler, R. Abela, and M. Chergui. Z Kristallogr, 223(4-5):307–321,
2008.
[2] M. Chergui. Acta Crystallogr A, 66:229–239, 2010.
[3] V-T Pham, T.J. Penfold, R.M. van der Veen et al submitted JACS, XXX.
[4] R. M van der Veen, C. J Milne, A El Nahhas et al Angew Chem Int Edit,
48(15):2711–2714, 2009.
[5] A el Nahhas, A Cannizzo, F van Mourik et al J Phys Chem A,
114(22):6361-6369, 2010.
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Transient electronic structure probed by trARPES:
From electron solvation in ice to phase transitions in solids
Martin Wolf
Fritz-Haber-Institute of the Max-Planck-Society, Dept. of Physical Chemistry, Berlin, Germany

Abstract. Time- and angle-resolved photoemission spectroscopy (trARPES) is used to probe the ultrafast dynamics of the electronic
structure of surfaces, interfaces and solids. We study electron transfer and solvation processes at water ice/metal interfaces and the
influence of coadsorbed alkali ions. Furthermore, we probe the transient electronic structure during photoinduced insulator-to-metal
transitions in TbTe3 and related compounds and can identify the underlying collective amplitude mode of the lattice.

Electron transfer across interfaces is of vital importance in various areas of physics, chemistry and biology. In these
processes often an excess charge is transferred (injected) into a polar medium, such as water, and the excess charge is
subsequently screened by reorientation of the surrounding molecular dipoles. In this manner, electron transfer and
solvation processes are intimately connected at any polar adsorbate–metal interface. Here we use surface science
techniques combined with time-resolved two-photon-photoemission spectroscopy to study the ultrafast dynamics of
interfacial electron transfer and solvation processes in amorphous D2O ice layers on single crystal metal substrates.1 In
these experiments, photoinjection of electrons from the metal into the adsorbate conduction band is followed by
ultrafast localization and solvation of the excess electrons. The subsequent energetic stabilization of these solvated
electrons due to molecular rearrangements of the ice occurs on a timescale of a few 100 fs and is accompanied by an
increasing degree of localization of the electron wave function. Coadsorption of alkali ions leads to pronounced changes
in the dynamics slowing down due to the formation of solvated electron/ alkali ion complexes at the ice surface (see
Fig.1 b).2
The concept of probing the transient electronic structure by time-resolved photoemission spectroscopy can be
applied as well to photoinduced structural changes in complex solid state materials. The electronic properties of such
materials are often governed by strong electron-phonon coupling and many-body correlation effects leading to
phenomena like metal-insulator transitions and the formation of broken symmetry ground states. This interplay between
electronic and phonon degrees of freedom is of particular importance in thermally or optically driven transitions in
charge-density wave (CDW) materials. Using time- and angle-resolved photoemission spectroscopy (trARPES) we
identify the amplitude mode of the during photoinduced insulator-to-metal in TbTe3 and the retarded (>100fs) collapse
of the CDW gap at the Fermi surface.3

Fig. 1. (a) Electron dynamics at surfaces probed by time-resolved photoelectron spectroscopy. (b) The electron solvation dynamics
at D2O ice/Cu(111) interfaces slows down considerably in the case of coadsorption of Na ions.2 (c) The closing of the electronic gap
at the Fermi level during the photoinduced insulator-to-metal transitions in TbTe3 is probed by trARPES.

References
1
2

3

J. Stähler, U. Bovensiepen, M. Meyer, and M. Wolf, Chem. Soc. Reviews 37, 2141 (2008)
M. Meyer et al., J. Phys. Chem. C 115, 204 (2011)
P. Kirchmann, L. Perfetti, M. Wolf, and U. Bovensiepen, in Dynamics at Solid State Surfaces and Interfaces,
Vol. 1, (Eds.) U. Bovensiepen, H. Petek, and M. Wolf. Wiley-VCH, Berlin (2010), p 475
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Using time-resolved THz spectroscopy to study carrier
injection and dynamics in TiO2 and SnO2 nanomaterials
Charles A. Schmuttenmaer, Christiaan Richter,§ Rebecca L. Milot, Gary F. Moore, and Gary W. Brudvig
Dept. of Chemistry, Yale University, New Haven, CT, USA
§
Current address: Dept. of Chemical Engineering, Rochester Institute of Technology, Rochester, NY, USA

Abstract. Terahertz spectroscopy has proven itself to be an excellent non-contact probe of conductivity with sub-picosecond time
resolution. One may exploit this capability to study a variety of materials, and here we choose to probe the transient photoconductivity of dye-sensitized nanostructured wide band gap semiconductors. These systems are of interest in the area of renewable energy
research.

We describe the charge injection time scale and efficiency for a selection of high-potential photoanodes (HPPAs) for
photo-electrochemical cells (Figure 1). The anodes consist of tris-pentafluorophenyl free-base and metallo-porphyrin
sensitizers anchored to TiO2 and SnO2 nanoparticles. THz spectroscopic studies demonstrate the sensitizers used in
these HPPAs are capable of injecting electrons into the conduction band of the metal-oxide materials in those cases
where the energies of the donor (excited state dye) and acceptor (metal oxide conduction band minimum) components
are appropriate. Importantly, the potentials photogenerated at the anode surface are high enough to permit the oxidation
of high-potential electron sources.
In addition, we have characterized the time-dependent conductivity after photoexcitation of dye-sensitized TiO2
nanotubes (Figure 2). It had been hoped that nanotubes would overcome low electron mobilities found in TiO2 nanoparticle films because the nanotubes can be many tens of microns long. However, recent macroscopic measurements
found electron transport through nanotube and nanoparticle films to be comparable. Here we show that low electron
mobility in polycrystalline TiO2 nanotubes is not due to scattering from grain boundaries but instead due to traps that
manifest themselves in a single sharp resonance in the THz spectrum. The TiO2 nanotube spectra are fundamentally
and qualitatively different than that for nanoparticles or the bulk material.
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Fig. 1. Left: Photograph of SnO2 samples soaking in 5 different tris-pentafluorophenyl free-base and metallo-porphyrin solutions.
Clearly, the electronic states depend on the presence and identity of the metal ion. Center: Molecular structure of sensitizer. Right:
Optical pump/THz probe results. The injection dynamics depend on the sensitizer chosen.

Fig. 2. Comparison of real (top) and imaginary (bottom) frequencydependent conductivity of single crystal TiO2 (green lines), TiO2
nanoparticles (black lines), and TiO2 nanotubes (blue lines).1

References

1
Christiaan Richter and Charles A. Schmuttenmaer, “Exciton-like
Trap States Limit Electron Mobility in TiO2 Nanotubes” Nat. Nanotechnol. 5, 769 (2010). DOI:10.1038/nnano.2010.196).

18
ucp 2011 programme.indd 18

Ultrafast Chemical Physics 2011
06/12/2011 09:40

14



























               
                   





14-16 December 2011, Glasgow, UK
ucp 2011 programme.indd 19

19
06/12/2011 09:40

Molecular reorganization at aqueous biomimetic interfaces
Ruben Pool,1 Jan Versluis,1 Ellen Backus,1 and Mischa Bonn 1,2
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Abstract. Insights into intermolecular interactions at biological membranes are key to understanding membrane
functionality. We present phase-resolved sum-frequency generation data that allow for a quantitative analysis of the
vibrational spectra of lipid monolayers and the water hydrating the monolayer. We investigate the interaction site of a
zwitterionic phospholipid monolayer with nanoparticles, and quantify changes in hydration upon the stepwise
methylation of a phospholipid with a phosphoethanolamine head group. We present simple models of the molecular
reorganization that takes places during these interactions that are in agreement with the observed complex spectra.
Membranes constitute the highly active partition between living cells and the outside world and many biologically
important processes occur at the membrane surface. Examples of such processes include trans-membrane transport and
signalling controlled by proteins embedded in the membrane. At present, a large body of knowledge exists on the
molecular composition and static structure of membranes. However, our understanding of the interactions between
membrane molecules has not yet reached the same level of sophistication. Information on intermolecular interactions is
essential for a full understanding of membrane action, as it is apparent that the functionality of biological membranes
relies on the subtle interaction between the lipids and proteins constituting, as well as their interaction with water.
Sum-frequency generation (SFG) spectroscopy has more than proven its worth as a valuable tool in probing the
structure and dynamics of model biological membranes and membrane proteins through their vibrational resonances.
SFG is both background-free and surface specific, but has long been limited by the fact that the SFG intensity is
proportional to the square modulus of the vibrational response, ISFG~|!(2)|2. Hence the phase of the quantity of interest
containing the vibrational response of the water, proteins and lipids, !(2), is lost. This is unfortunate for several reasons,
the most important one being that the sign of the contributions to !(2) determine the absolute orientation of the
interfacial molecules. This problem can be overcome by setting up a heterodyning scheme, in which the sample signal
is mixed with a nonresonant local oscillator. The detected intensity then does not only contain the squared field terms,
but also two linear crossterms that contain the unaltered second order nonlinear susceptibility !(2). The phase of the SFG
spectrum may thus be extracted from these crossterms, thereby retaining information on the orientation of the probed
dipole moments.
The last few years, heterodyne-detected SFG spectroscopy has been applied in several studies and has indeed provided
additional insight into aqueous interfaces. On the other hand, the increased complexity of the experimental setup and
data analysis procedure has been a cause of uncertainty concerning the reproducibility and comparability of results
between research groups. Now that the experimental procedures and outcomes are in the progress of converging to a
universally accepted standard, the time has come to use heterodyne-detected SFG spectroscopy on complex systems, the
results of which may not have been possible to interpret using the homodyne detected technique.
In the present study, we meet this challenge by probing two such complex systems: 1) the interaction site of a
zwitterionic phospholipid monolayer with charged polystyrene nanospheres, and 2) the interfacial water alignment
during the stepwise methylation of a phospholipid with a phosphoethanolamine head group. We show that the novel
SFG approach provides additional information on the molecular reorganization that takes places during these
interactions that are important in understanding membrane functionality.
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Photochemistry and excited state dynamics of eumelanin building blocks
Villy Sundström
Chemical Physics Lund University Sweden
During the last decade significant work has been devoted to the nature of UV-induced processes in
eumelanin. All this work has been carried out on the whole pigment-complex. Assigning the observed
phenomena to specific UV-induced processes is however complicated because of the large variety of
oligomers present in the in-vivo pigment complex. The complexity of such analysis has motivated us to
initiate a systematic study of smaller building blocks with a well-defined structure. Using time resolved
spectroscopy we have succeeded in identifying several of the excited state processes of DHICA (5,6dihydroxyindole-2-carboxylic acid), DHI (5,6-dihydroxyindole) as well as of oligomers and
polymers of these units. Thus, we have found that excited state Intramolecular Proton Transfer is the

mechanism of excited state energy dissipation in DHICA monomers. Oligomers of DHICA have
extremely efficient excited state dissipation, reminiscent of full melanin pigment. The
mechanism of this very efficient energy dissipation is suggested to be excited state inter-unit
proton transfer within an oligomer. The two building blocks of melanin DHICA and DHI have
very different photochemistry, which may be related to their suggested photoprotective and
phototoxic properties, respectively.
!
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Excited State Charge Transfer Species in DNA:
An Ultrafast Infrared time-resolved vibrational
Spectroscopy study

Páraic M. Keane,1 Gerard W. Doorley,2 Luis. M. Magno,1 Michal Wojdyla,2 John M. Kelly,2 Ian P. Clark3,
Gregory M. Greetham,3 Mike Towrie,3 Anthony W. Parker,3 and Susan J. Quinn1
1
School of Chemistry and Chemical Biology, Centre for Synthesis and Chemical Biology, University College Dublin,
Dublin 4, Ireland
2
School of Chemistry, Trinity College Dublin, Dublin 2, Ireland
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Appleton Laboratory, Didcot, Oxfordshire, OX11 0QX, UK
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Abstract. Transient vibrational spectroscopy offers the potential to glean structural information about the nature of
transient species and reactive intermediates. To this end we have used the ps-transient infrared technique to study
excited state charge transfer species in a range of model DNA systems including mixed AT and GC rich DNA forms and
pure G, A, T and C polymeric systems. Our results point to the role of charge-transfer species in mixed DNA systems.
Ultra-violet excitation of DNA produces electronic excited states which have considerably short, femtosecond to
picosecond, lifetimes. Such ultra-short lifetimes are widely recognised as being responsible for the inherent photostability of DNA and are the subject of significant interest.1,2 These ultrafast relaxation process are dominated by nonradiative decay which leads to > 350 kJmol-1 being transferred into ground state vibrational modes. Our approach to
employ time-resolved infrared spectroscopy means we are able to directly probe the vibrational dynamics of this
relaxation process.2 Whilst the initial local excited states produced are 1!,!* states, rapid conversion to 1n,!* is
believed to occur. Furthermore, and more speculative, is whether the non-radiative decay mechanism leads to the
production of delocalised electronic states which include Frenkel excitons and charge-transfer (CT) states.
To date we have considered a varity of nucleic acid base systems and recently have focused our efforts on resolving
a two key issues (1) the role of the long lived 1n,!* species in cytosine monophosphate containing systems and (2)
understanding the role played by excited state charge transfer species in the deactivation of processes DNA. In this
presentation the role of charge-transfer states in AT and GC systems, which possess a definite redox pathway, will be
explored. Data will be presented on the nature of excited state in model dinucleotides systems, where in the case of
dApT a long-lived transient species is observed in the stacked dinucleotides that is absent in the unstacked form, see
Figure 1. In addition, data from homo-polynucelotide systems comprising a single nucleotide base will be discussed.
Finally, the relevance of charge-transfer states to mixed polymeric systems will be considered in light of our recent
results.

Fig. 1. Raw and fitted ps-transient infrared spectra of 10 mM dApT dinucleotide in D2O pH 7 buffer at (a) 3 ps and (b) 50 ps after
267 nm excitation. (Centre) a schematic of the stacked and unstacked ApT dinucleotides.
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Ultrafast dynamics of photoinduced charge transfer in
transition metal complexes: a TRIR and 2DIR insight

Igor Sazanovich,1 Oleg Bouganov,2 Milan Delor,1 Gregory Greetham,3 Anthony Meijer,1 Simon Parker,1 Anthony
Parker,3 Peter Portius,1 Paul Scattergood,1 Sergei Tikhomirov,2 Michael Towrie3 and Julia Weinstein1*
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Abstract. Photoinduced charge transfer is the fundamental process underpinning solar energy conversion via the production of a
local charge-separated (CS) state. The mechanism involves activation of a chromophoric core followed by energetically favourable
cascade processes of dark charge transfer that drive the charges to the periphery of the molecule, and ultimately separating the
positive and negative charges (Fig. 1). Stabilization of the separated charges in artificial systems is of paramount importance. The
current challenges include creation of efficient electron transfer cascades, and advancing our fundamental understanding of the role
of vibrational excited states and specific vibrations in mediating charge recombination. The latter would have a potential for
influencing the rates of the charge recombination process.

Our work focuses on electron/charge transfer processes in the systems based on square-planar d8 transition metal
diimine complexes as chromophores, which offer synthetic versatility for specific attachment to semiconductors or
molecular catalysts, and the directionality of electron flow. Charge transfer cascades are created by modifying the d8
chromophoric core with electron Donors (D) and Acceptors (A, carboxylates, aromatic acid imides, etc).1 The free
energy of electron transfer, the distance, and the sterics are varied systematically to control the electron transfer rates.
A combination of ultrafast transient absorption and time-resolved infrared (TRIR) methods are used to monitor
electron transfer in these d8-systems in real time. In such systems, the lifetime of the CS state can be tuned by several
orders of magnitude, from picoseconds to tens of nanoseconds, and the yield of charge separation approaching to unity
in many cases.
The key question in the current understanding of the photoinduced electron transfer is the role of specific vibrations
in mediating charge recombination and in the mechanism of the dissipation of the excess energy of the CS state. Twodimensional IR spectroscopy, 2DIR,2 and a novel approach of transient 2DIR, T2DIR,3 are the methods of choice to
address these questions. These methods were used to investigate prototype charge-transfer Pt(II) chromophores, DonorPt(diimine)-Acceptor, where IR reporting groups are located at several sites along the molecule, to probe the modeconnectivity pattern and its dynamics4. A narrow-band IR pump (12 - 15 cm-1, ~ 1.5 ps), and a broad band IR probe
(~500 cm-1, ~100 fs) in the range of 1200 – 2200 cm-1, along with the preceding fs UV pump in the case of excited state
studies, were used. These studies have revealed the interactions between the A-localized and D-localized modes
separated by the distance of up to ~10 Å, with the cross-peak rise time of up to 5.6 ps. The detailed mechanism of the
effect and the role of the solvent are yet to be elucidated. However, the exciting result makes plausible the potential
prospect of identifying the specific vibrations coupled to charge transfer in extended systems, which is important for our
understanding of the dynamics of this process and for the predictive modelling of electron transfer rates in the
framework of Marcus theory.
We thank the EPSRC, STFC, EPSRC E-Futures DTC, and BFBR for support.
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Fig. 1. The schematic representation of the approach used in this work.
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Hot ground state signature as fingerprint of the pathway of
an ultrafast bimolecular charge separation reaction
B. Lang, A. Rosspeintner, and E. Vauthey
Dept. of Physical Chemistry, University of Geneva, Switzerland
Abstract. The combination of transient absorption and fluorescence up-conversion experiments permits a model-free decomposition
of transient absorption spectra into contributions from different states and species where rate-based methods like a target analysis
tend to fail due to the lack of an appropriate model for the underlying kinetics and spectral dynamics. Extracting the contribution of
hot ground state absorption permits us to track the reaction pathway of an ultrafast photo-induced charge separation reaction
through electronically excited states which are not accessible by means of a direct spectroscopic approach.

Photo-induced electron transfer (ET) between donor-acceptor (DA) pairs is often considered as the most simplest
chemical reaction, playing an important role in many areas of chemistry and biology. In general, Marcus theory is
applied to rationalize the kinetics of ET reactions, though the predicted inverted region, i.e. slowed down kinetics with
increased driving force for highly exergonic reactions, has never been observed experimentally for bimolecular photoinduced ET.1,2 Besides other hypotheses, a formation of the ion pair in an electronically excited state has been proposed
to account for this fact. Diminishing the gain of free energy would move the reaction to the normal region.
However, a direct spectroscopic access to the flow of population in such a scenario is difficult because excited states
of open shell radicals are in general very short lived. 3 By inspecting the band shape of the hot ground state absorption,
on the other hand, one can determine the heat released during the reaction cycle of ET and subsequent charge
recombination (CR).4 The relaxation of the non-fluorescing excited radical ion to its ground state releases the
corresponding energy exclusively by internal conversion. Hence, one can expect a substantial contribution to the
transient absorption spectrum from excited vibrational states of the electronic ground state at short time delays. From an
experimental point of view, the task of isolating such a ground state contribution from a series of transient absorption
spectra is still quite demanding due to the overlap of the spectral features of the several involved states. Not only are the
kinetics and shapes of these contributions a priori unknown, they also exhibit spectral shifts on the relevant time scale
of a few to a few tens of picoseconds due to solvation dynamics upon charge redistribution. The “standard toolbox”
containing model-based methods like singular value decomposition, global fit and target analysis can barely be used to
disentangle these contribution. Only the combined information from transient absorption and fluorescence upconversion experiments permitted us to extract the desired information in a model-free manner.

Fig. 1. Left panel: energy levels for a selected donor acceptor pair, middle and right panel: transient absorption spectra of the
radical MePe (middle) and CPe (right) cation upon ultrafast photo induced ET with TCNE.

The left panel of the figure shows energy schema and reaction pathway of the DA pair methylperylene (MePe) and
tetracyanoethylene (TCNE). In this pair, the MePe radical cation may be formed in one of its excited D states. On the
middle panel the corresponding transient absorption signal upon ultrafast photo excitation at 400 nm is depicted where
the contributions from the MePe S 1 excited state absorption and emission have been removed. The most prominent
feature to be seen is the D 0-D5 absorption of the radical MePe cation at 540 nm. In addition, there is a large amplitude
signal apparent in the first 10 ps spread over the entire detection window which can be attributed to a substantial
amount of heat released to vibrational levels of the ground state. Changing the donor to cyanoperylene (CPe) on the
other hand, where no electronically excited state is energetically accessible, the hot ground state contribution from CPe
is almost absent (right panel). The so far investigated systems are in perfect agreement with results from transient mid
IR spectroscopy5 which permitted us to determine the heat release on the antisymmetric stretch vibration of the TCNE
radical anion upon ET with various donors and showed that with pairs formed in the electronic ground state the heat is
predominantly released to the TCNE radical anion. A study on an extended set of DA pairs in the visible spectral
domain currently being undertaken will be presented.
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Hydrogen Bond Structure and Dynamics of Photoacids
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Abstract. We explore the transient IR response of OH stretching marker modes of photoacid molecules in the S0 and S1-states, to
grasp structural information on the hydrogen bonds of these photoacid-base complexes and the important role the surrounding
solvent plays in affecting the observables.

Photoacids have been explored and utilized for decades in photoinduced proton transfer experiments [1,2,3,4]. Much
less is known about the nature of photoacidity, i.e. the important increase in acid dissociation constant with electronic
excitation and its connection with the electronic charge redistribution in e.g. the proton donating group [5].
We present a comparative study of the OH stretching band for several photoacid molecules in different solvents of
wide-ranging polarity, based on femtosecond infrared (IR) spectroscopy and the quantum mechanical analysis of
vibrational spectroscopic features. In the electronic ground state we observe an OH stretching transition frequency redshift typically associated with hydrogen-bond (HB) formation, with the surrounding solvent also playing a significant
role. Upon electronic excitation with a UV pump pulse, the transient IR absorbance in the 2.7-5 !m wavelength range
clearly indicates a significant additional OH stretching mode frequency decrease.
In nonpolar or weakly polar solvents without formation of a HB the OH stretch frequency shifts of several tens of
-1

cm in the electronic ground and excited states follow a relationship governed by the solvent dielectric constant and the
charge distributions of the photoacid [6]. For photoacid-base HB complexes in solution, OH stretching frequency shifts
of several hundreds of cm-1 are compared with known gas phase values and quantum chemical calculations to quantify
charge redistribution effects along the HB. A theoretical formulation for the solvent polarity dependence of an HB
complex’s OH stretch frequency is used to help interpret the experimental results.
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Femtosecond Study of Water Dynamics around Ions and Hydrophobes
Sietse van der Post,1 Stefan Scheidelaar, and Huib J. Bakker1
FOM Institute Amolf, Science Park 104, Amsterdam, The Netherlands

1

We studied the orientational relaxation of water molecules in concentrated solutions of alkali-halide and tetra-alkylammonium salts
using polarization-resolved femtosecond infrared pump-probe spectroscopy (fs-IR). We were able to distinguish the dynamics of the
water molecules in the hydration shells of the anions from the dynamics of the water molecules in the bulk. We found that the water
molecules hydrating the halide anions reorient on two different timescales, of which the relative amplitudes depend on the nature of
the cation. When the cation contains hydrophobic moieties, the water reorientation is dramatically slowed down.

Aqueous systems have been studied extensively over the past century due to their relevance to many systems. It is
therefore surprising that still little is known about the exact nature of ion hydration and the effect of ions on aqueous
systems in general. One of the important disputes concerns the extent to which ions affect the water around them.
Hofmeister arranged a number of salts to their ability to denature proteins, resulting in the so-called Hofmeister series.
In an attempt to explain this heuristic ordering of ions on a molecular level, the concepts of structure-making and
structure-breaking were introduced. It was thought that ions strengthen or weaken the hydrogen-bond network of water
over long distances, explaining the observed (de)naturation effects.
In the past decade, evidence was found that the effect of ions on water does not extend much further than their first
hydration shell [1]. We found that this assumption does not hold for particular strongly hydrating ions like Mg2+ and
SO42- [2]. A solution of MgSO4 shows a very large fraction of slow water molecules corresponding to ~18 H2O
molecules per Mg2+ and SO42-. This fraction is much larger than the added fractions of slow water observed for solutions
of Mg2+ and SO42- in combination with weakly hydrating counter-ions (e.g. ClO4– and Cs+). The slow water molecules in
a solution of MgSO4 are probably contained in a locked hydrogen-bonded water network in between the Mg2+ and SO42ions (solvent-separated ion pair).
Here we study the combined influence of cations and anions on the dynamics of water by measuring the
orientational dynamics of water molecules in the hydration shells of halide anions combined. We measure the
reorientation of the OD stretch vibration of HDO molecules using polarization-resolved femtosecond infrared pumpprobe spectroscopy. We found that water molecules hydrating the halide ions reorient on two strongly different
timescales of ~2 ps and ~9 ps. The relative amplitude of the slow component decreases in the halogenic series going
from Cl- to I-. Interestingly, the amplitude of the slow component also depends on the nature of the cation, and increases
going from Cs+ to K+ to Na+. Hence, strongly hydrating cations slow down the reorientation of water in the hydration
shells of the anions. This shows that the effect on the water dynamics is not the sum of the effects of the separate cations
and anions, which gives a new perspective on the Hofmeister effect of salts on aqueous protein solutions.
To extend this work to systems that include hydrophobic hydration, the same analysis method was applied to
aqueous solutions of tetra-alkylammonium bromide salts. The longer vibrational lifetime of OD oscillators bound to the
bromide ions enables us to accurately measure the reorientation dynamics of water at longer delay times. We found a
strong correlation between the increasing length of the hydrophobic alkyl chains of the tetra-alkylammonium cations
and the number of HOD molecules of which the reorientation dynamics is strongly slowed down.
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Fig. 1. A Anisotropy decays of anion-bound water for different salts, and B Anisotropy decays of tetra-butylammonium bromide.
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Hydration water dynamics at biological interfaces: Optical
Kerr effect study
Kamila Mazur, Ismael A. Heisler, Stephen R. Meech
School of Chemistry, University of East Anglia, Norwich Research Park, NR4 7TJ, UK

The dynamics of water in the hydration shells of biological molecules have been studied extensively in recent years. Interfacial
water molecules differ from bulk water in a number of ways and play a significant role in many biological processes, e.g. protein
folding and the activity of enzyme proteins. We studied picosecond dynamics and THz spectra of aqueous solutions of protein and
peptides using ultrafast optical Kerr effect spectroscopy.1 To gain information on the extent to which hydrophilic and hydrophobic
sites affect water mobility both hydrophobic and amphiphilic peptides and proteins were chosen2.

Various aqueous solutions of peptides and globular proteins were studied. Two distinct concentration regions were
observed. At low solute concentration, <0.4M (peptides) and <7 wt. % (proteins) the tetrahedral structure of water is
largely preserved, but the relaxation time is significantly increased. A simple two state model analysis was applied in
order to separate the dynamics of hydration water from that of bulk water. We found that the water dynamics in the first
hydration layer of the biomolecule is up 20 times slower in comparison to bulk water, depending on the solute. The
relaxation time of hydration water was correlated with surface hydrophobicity of solutes. Our data imply that all water
molecules solvating the protein and peptide surface exhibit slower relaxation than in bulk, but that hydrophilic sites
influence water dynamics in their vicinity to a greater extent than hydrophobic ones
At high concentrations the mean relaxation time increases significantly. In this case solute dynamics may contribute
to the observed relaxation. At high concentrations a new band at ~90 cm-1, for both peptide and protein solutions, was
observed. This band grows linearly with concentration and is associated with out of plane bending of H-bonded
peptides.
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Femttosecon
nd-2D-IR
R Specttroscop
py of Hy
ydrogen
n-Bond
Dynaamics off Cyclicc Oligom
mers
Anna Uriitski and Peterr Vöhringer
Institut füür Physikaliscche und Theoretische Chemiie, Rheinischee Friedrich-W
Wilhems-Univeersität, Bonn, Germany
G
Abstract. IIn this contribuution we presen
nt cyclic hydroggen bond netwo
ork of calixaren
nes, as an exam
mple of highly cooperative
c
network of bonds. We reeport on multid
dimensional IR spectroscopica
al measurements that reveal tthe system’s rich spectral
diffusion ddynamics. Furtthermore, we are able to diseentangle the eneergy redistribution between IR strong and weak
w
active
modes of the four OH oscillators
o
due to the evolvingg symmetry. Ad
dditionally, wee assign the vibbrational frequ
uencies and
ation and coolling time consstant of the ‘ho
ot’ molecules to be 700 fs and
a 25 ps,
deduce thhe hydrogen boond predissocia
respectively.

Hydrogenn bonds are substantially
y weaker thaan covalent bonds,
b
which
h leads to ccharacteristic structural
fluctuatioons induced byy thermal exciitation of the hhydrogen-bon
nded system. Hydrogen-bon
H
nding interactiions of the
type D
H…A betweenn a hydrogen donor group D
DH and hy
ydrogen acceptor moiety A can couple to
o the intraH. This proovides a uniqu
ue spectroscop
pic window thhrough which hydrogen
moleculaar stretching vibration of D
bond dynnamics, such as
a H-bond breakage and foormation, vibrational energ
gy relaxation, spectral diffu
usion, and
inter- andd intra-molecuular energy traansfer can be pprobed.
Howeever, the inveestigation of naturally
n
occuurring hydrog
gen-bond netw
work is difficcult due to itss complex
stochasticc character, which
w
leads to spatial and tem
mporal random
mization. It iss thus importan
ant to design a hydrogen
bond netw
work that cann be used as a simplified m
model system for vibrationaal spectroscoppy. We have previously
p
publishedd results on sttereo-selectiveely synthesizeed poly-alcoho
ols forming a linear array oof hydroxyl groups
g
that
were usedd as low dimeensional modeel system for eenergy flow in
n hydrogen-bo
ond network.1 In this contriibution we
present a cyclic hydrogen bond netw
work in calixaarenes, as an example of highly
h
cooperaative network of bonds.
s
and dynamics
d
of thhe H-bond, th
he thermally induced
i
struct
ctural fluctuatiion within
Dependinng upon the strength
these netw
works can occcur over a wid
de spectrum off time and len
ngth scales.
We reeport on muultidimensionaal IR spectrooscopy that was
w proven to
t be helpfull in revealin
ng various
microscoppic processess underlying the
t line shapee of the vibraational resonaances, energy transfer dynaamics and
relaxationn pathways. We
W further disentangle thee energy redisstribution betw
ween IR stronngly and weaakly active
modes off the four OH
H-stretching osscillators due to evolving symmetry.
s
Wee were able too assign the vibrational
v
frequenciies (band charracteristics) of
o this system and to deducce the hydrogen bond preddissociation an
nd cooling
time consstants of the ‘hhot’ molecules to be 700 fs and 25 ps, respectively.
1

S. Knopp, T. L. C. Jansen, J. Lindneer, and P. Vöhhringer, Phys. Chem. Chem.. Phys. 13, 46441 (2011).

Fig. 1. Schhematic represeentation of the “cone” conform
mation of the Calix[4]arene.
C
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Dynamics and Couplings of N-H Stretching Excitations of
Guanosine-Cytidine Base Pairs in Solution
Henk Fidder,1 Ming Yang,1 !ukasz Szyc,1 Katharina Röttger,2 Erik T. J. Nibbering,1 Thomas Elsaesser,1 and Friedrich
Temps2
1
Max Born Institut für Nichtlineare Optik und Kurzzeitspektroskopie, Max Born Str. 2A, D-12489 Berlin, Germany
2
Institut für Physikalische Chemie, Christian-Albrechts-Universität zu Kiel, Olshausenstr. 40, D-24098 Kiel, Germany
Abstract. Dynamics of hydrogen-bonded guanosine-cytidine (G•C) base pairs in chloroform are investigated by IR pump-probe and
2D photon echo spectroscopy to identify anharmonic vibrational couplings, vibrational lifetimes, and energy transfer.

N-H stretching vibrations of hydrogen-bonded guanosine-cytidine (G•C) base pairs in chloroform solution are studied
with linear and ultrafast nonlinear infrared (IR) spectroscopy [1]. The IR-active bands in the linear spectrum are
assigned by combining structural information on the hydrogen bonds in G•C base pairs with literature results of density
functional theory calculations, and empirical relations connecting frequency shifts and intensity of the IR-active
vibrations. A local mode representation of N-H stretching vibrations is adopted, consisting of !G(NH2)f and !C(NH2)f
modes for free NH groups of G and C, and of !G(NH2)b, !G(NH) and !C(NH2)b modes associated with N-H stretching
motions of hydrogen-bonded NH groups. The couplings and relaxation dynamics of the N-H stretching excitations are
studied with femtosecond mid-infrared two-dimensional (2D) and pump-probe spectroscopy. The N-H stretching
vibrations of the free NH groups of G and C have an average population lifetime of ~2.4 ps. For the hydrogen-bonded
N-H stretching vibrations a vibrational population lifetime shortening to " 0.4 ps is concluded from the pump-probe and
2D-IR experimental results. Analysis of the 2D spectra indicates ultrafast excitation transfer from the !G(NH2)b mode to
the !G(NH) mode, and point at a 0.2 ps lifetime for the !G(NH2)b v=1 level. The temporal evolution of the diagonal
spectrum, as well as the !3-dependence of maxima along the !1-axis demonstrate that a predominantly homogeneously
broadened band at 3301 cm-1, assigned to !G(NH2)b, overlaps with a significantly broader absorption structure, that is
dominated by inhomogeneous broadening.

Fig. 1. 2D-IR spectrum for G•C base pairs in chloroform for waiting times of 150 and 500 fs. The contour plots are “truncated” at
signal sizes significantly below the actual signal maxima, to better bring out peak structures of very weak cross peaks.
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Water interfaces studied with two-dimensional
surface vibrational spectroscopy
Huib. J. Bakker, Zhen Zhang, Lukasz Piatkowski, and Mischa Bonn
FOM-Institute AMOLF, Science Park 104, 1098 XG Amsterdam The Netherlands
e-mail: bakker@amolf.nl
The structural dynamics and energy transfer dynamics at water surfaces is of paramount
importance for electrochemistry and atmospheric chemistry. Two-dimensional surface
sum-frequency generation (2D-SFG) spectroscopy is an ideal technique to probe these
surface properties. In this technique a tunable infrared (IR) pulse excites a subset of water
molecules, and the vibrational response of these molecules is detected over a wide
frequency range as a function of delay time using a pair of IR and visible detection pulses
that generate the sum frequency. This technique is a fourth-order nonlinear (!(4))
technique, and combines the capabilities of 2D-IR in revealing ultrafast structural
dynamics with the surface specificity and (sub-)monolayer sensitivity of SFG
spectroscopy. We used 2D-SFG to study the structure and energy dynamics of water-air
and water-lipid interfaces. The lipid is a standard cationic lipid, 1,2!dipalmitoyl!3!"
trimethyl-ammonium!propane (DPTAP). We observe resonant energy transfer between
hydrogen-bonded water molecules at the water-air interface occurring with a time
constant of 250±50 fs, which is much slower than in bulk water. In addition, the
dynamics of the cross-peaks in the 2D-SFG spectrum show the presence of a highly
specific energy transfer process with a time constant of 100±30 fs between hydroxyl
groups sticking out of the water surface and hydroxyl groups pointing into the bulk. For
the water-DPTAP interface, the 2D-SFG spectra reveal the presence of strongly
hydrogen-bonded water molecules that are isolated from the other water molecules at the
interface. These water molecules do not show rapid resonant energy transfer with the
molecules at the water surface, indicating that these molecules are embedded in the lipid
layer.
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Polarization in mid-infrared spectroscopy. Common
principles for enhancing chiral, transient and twodimensional signals.
Julien Réhault,1 Jan Helbing1
Physical Chemistry Institute, University of Zürich, Zürich, Switzerland

1

Abstract. The polarization of the electrical fields is a parameter not yet fully exploited by non-linear spectroscopy, despite the fact
that high-quality polarizers are today available also for the mid-infrared. They can be used to efficiently control the individual fields
in a multi-beam experiment, even in collinear geometries. We show by several examples how polarizers can be introduced into
vibrational spectroscopy set-ups to strongly enhance versatility and signal to noise in transient-IR, 2D-IR and circular vibrational
dichroism measurements.

s x 10

3

As a first example, we demonstrate the amplification of polarization-sensitive transient IR-signals using a pseudonull crossed polarizer technique pioneered for nanosecond flash photolysis in the visible by Kliger and coworders 1. We
adapted the technique to ultrafast pulsed laser spectroscopy in the infrared using photoelastic modulators, which allow
us to measure amplified linear dichroism at kilohertz repetition rates (Figure 1, left). Spectra can be simplified, and
intramolecular transition dipole orientations can be determined with high precision, even when they are close to magic
angle where conventional anisotropy measurements are difficult 2. This should be particularly well suited for tracking
geometry changes in ultrafast processes.
The same method can be almost identically transferred to 2D-IR measurements (Figure 1, right), when these are
performed in the pump-probe geometry with collinear pump beams 3. In addition, time ordering of the different
molecule-field interactions can be enforced without the help of phase-matching and rephasing and non-rephasing
signals can be measured separately.
High quality polarizers in combination with fast modulation also offer an efficient way to discriminate chiral and
non-chiral signals of a molecule 4. In this case already the linear (chiral) response of a sample can be enhanced 5, but the
extension to detecting non-linear circular dichroism and optical rotation of vibrational transitions is very promising.
2
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Fig. 1. Top left: Linear dichroism signal of a photoswitch of the N-alkylated
Schiff base family, 500 fs after excitation at 400 nm, for different polarizer
orientations. Bottom: signal and signal to noise enhancement as a function
of polarizer orientation (1=conventional measurement).1Top right: 2D-IR
spectra of a Re-carbonyl complex in the CO stretch region. Signal intensities
can be strongly enhanced, and the sign of cross and diagonal peaks can be
changed by adjusting the relative orientation of polarizers before and after
the sample.
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Mixed UV/Vis-IR multidimensional spectroscopies

J. Bredenbeck1
1
Institut für Biophysik, Goethe-Universität, Max von Laue-Str. 1,60438 Frankfurt am Main, Germany
Abstract. Multidimensional IR spectroscopy employs a sequence of femtosecond infrared pulses to measure couplings and
correlations of molecular vibrations – information, that is used to deduce details of molecular structure and its change in time. In the
present contribution we will illustrate how all-IR pulse sequences can be augmented by UV/Vis pulses to create new types of
experiments, opening up important fields of application. The information content of various mixed UV/Vis-IR experiments will be
discussed.

Pulsed multidimensional experiments, daily business in the field of nuclear magnetic resonance spectroscopy, are used
with increasing success in the infrared spectral range. Similar as nuclear spins in multidimensional NMR spectroscopy,
molecular vibrations serve as probes of molecular structure and dynamics in multidimensional IR spectroscopy, albeit
with much higher time resolution. Different types of multidimensional IR experiments have been implemented, that
have been inspired by basic NMR experiments (e.g. NOESY, COSY and EXSY). In contrast to linear, one-dimensional
IR spectroscopy, these techniques employ sequences of femtosecond infrared pulses to measure couplings and
correlations of vibrations – information, that is used to deduce details of molecular structure and its change in time. A
rapidly growing number of multidimensional IR applications has been described in recent years.1
In the present contribution we will illustrate how all-IR pulse sequences can be augmented by UV/Vis pulses to
create new types of experiments, opening up important fields of application. Examples of various mixed UV/Vis-IR
experiments will be discussed.
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following special issue: Acc. Chem. Res. 42, 9, (2009).
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Lubricating a molecular machine
Matthijs R. Panman,1 Bert H. Bakker,1 Euan R. Kay,2 David. A. Leigh,2 Wybren Jan Buma,1 Albert M. Brouwer,1 and
Sander Woutersen1
1
Van ’t Hoff Institute for Molecular Sciences, University of Amsterdam, Amsterdam, The Netherlands
2
School of Chemistry, University of Edinburgh, King’s Buildings, West Mains Road, Edinburgh EH9 3JJ, UK
Abstract. The presence of water (“the lubricant of life”)1,2 is known to be essential for the functioning of biomolecular machinery.
Here, we show that water also facilitates the motion of much smaller, synthetic hydrogen-bonded molecular machines. Time-resolved
vibrational spectroscopy and NMR experiments are used to determine in detail how water influences the motion of these molecular
machines.

Recently, we have used time-resolved vibrational spectroscopy to investigate the operation mechanism of rotaxanebased molecular shuttles (see Fig. 1, left).3 The shuttling can be photo-triggered, and occurs on a nanosecond time scale.
During these experiments, we discovered that adding small amounts of water to the solvent (acetonitrile) leads to a
dramatic acceleration of the shuttling motion: adding a few percent doubles the shuttling rate (Fig. 1, right). Perhaps
even more surprisingly, other hydrogen-bonding liquids do not have this effect: adding similar or even larger amounts
of ethanol does not speed up the shuttling, and adding tert-butanol even slows it down.
Water molecules apparently act as an effective ‘lubricating agent’ for hydrogen-bonded molecular machines. Using
transient vibrational spectroscopy of the CO-stretch and amide I modes of the shuttling macrocycle and of the initial
and final stations (see Fig. 1, left), we investigate the mechanism by which water speeds up the shuttling motion. We
are able to observe how the added solvents affect the different components of the molecular device, and how the water
molecules react to the arrival of the ring at the final station. Complementary NMR exchange-narrowing experiments are
used to investigate the effect of the ‘lubricant’ on the enthalpy- and entropy barriers of the shuttling process. Since the
moving parts of the molecular shuttle are connected by CO···HN hydrogen bonds between peptide groups, very similar
to the hydrogen bonds that give rise to the two most common secondary protein structures, these results should have
significant biophysical implications.

Fig. 1. Left: Shuttling scheme of the rotaxane. Right: Intensity-normalised delay dependence of the shuttling, in dry acetonitrile and
in acetonitrile with small added amounts of hydrogen-bonding liquids.
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Intracellular Imaging, Uptake and Ultrafast IR
Spectroscopy of Combretastatins & Femtosecond
Stimulated Raman Studies of Vitamin E Analogues
Anthony W. Parker, Greg M Greetham Michael Towrie, Stanley W. Botchway
Central Laser Facility, Science and Technology Facilities Council, Research Complex at Harwell,
Rutherford Appleton Laboratory, Didcot, Oxfordshire, OX11 0QX, UK
Philipp Kukura
University of Oxford, Physical and Theoretical Chemistry Laboratory, South Parks Road Oxford OX1 3QZ

Roger H. Bisby, John A. Hadfield, Alan T. McGown and Kathrin M. Scherer
School of Environment and Life Sciences, University of Salford, Salford M5 4WT, UK
Intracellular Imaging: Combretastatins have been recognised as potential anticancer drugs, interacting
with tubulin, preventing microtubule assembly and inhibiting angiogenesis in developing tumours [1].
Combretastatins are substituted stilbenes and exist as E(trans)- and Z(cis)- isomers. Z-combretastatins are
generally more active then the E-isomer by at least two orders of magnitude [2]. An E-combretastatin
may therefore be considered a pro-drug capable of photo-activation to active Z-isomer by
photoisomerisation [3]. We have investigated the uptake of E-CA4 and a fluorinated analogue (E-CA4F)
into live CHO and HeLa cells using two-photon excited fluorescence lifetime imaging. Using twophoton excitation at 620-630 nm, which minimizes cellular autofluorescence [4], images such as those
shown in Figure 1 were obtained. The images demonstrate that the E-combretastatin is accumulated to
concentrations up to ~100 times that in the surrounding
medium and labelling the cells with Nile Red to identify
lipid droplets shows that the majority of the combretastatin
is located within these droplets. The results indicate that
E-combretastatins are rapidly accumulated within cells
where they might be isomerised to active drug by a twophoton process.
Ultrafast TRIR: As stilbene analogous we were curious
to review the ultrafast isomerisation dynamics of both the
E- and Z- forms and selected time-resolved infrared
Figure 1: Confocal image of CHO cells
spectroscopy because of its ability to follow both forms
incubated with E-CA4F. A:- Nile Red
more readily [5]. The isomerisation of Z- and Econfocal fluorescence image; B:-FLIM
combretastatins in DCM by 266 nm irradiation has been
image of E-CA4F fluorescence (excitation
probed by ultrafast time-resolved infrared spectroscopy.
628 nm, fluorescence 400 nm); C:- E-CA4F
Results for the E-isomer show a rapid loss of excess
fluorescence lifetime distribution.
vibrational energy in the excited state with a lifetime of 7
ps, followed by a slower process with a lifetime of 500 ps corresponding to the return to the ground state
as also determined from the fluorescence lifetime. In contrast the Z-isomer, whilst also appearing to
undergo a rapid cooling of the initial excited state, has a much shorter excited state lifetime of 14 ps.
FSRS – Vitamin E Analogues: We have for many years been interested in the deprotonation steps of
vitamin E leading to the generation of the stable !-tocopheroxyl radical which occurs in the role this
vitamin plays as a lipid antioxidant. A timely and brief report on our studies using FSRS will be given.
[1] J.A.Hadfield, S.Ducki, N.Hirst and A.T.McGown, Prog.Cell Cycle Res. 5, 309-325(2003).
[2] N.J.Lawrence, D.Rennison, M.Woo, A.T.McGown and J.A.Hadfield, Bioorg.Med.Chem.Letts. 11, 51 (2001).
[3] J.A.Hadfield, A.T.McGown, S.P.Mayalarp, E.J.Land, I.Hamblett, K.Gaukroger, N.J.Lawrence, L.A.Hepworth
and J.Butler, US patent 7,220,784 B2 (2007).
[4] S.W.Botchway, A.W.Parker, R.H.Bisby and A.G.Crisostomo, Microsc.Res. Techn., 71, 267 (2008).
[5] R. H. Bisby, S. W Botchway, G. M. Greetham, J. A. Hadfield, A. T. McGown, A. W. Parker, K. M Scherer and
M. Towrie, Meas. Sci. Tech, Submitted Nov (2011)
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Computing the chiral two-dimensional UV spectroscopy of
proteins
Jonathan D. Hirst
School of Chemistry, University of Nottingham, Nottingham, UK
Abstract. Optical spectroscopy is a valuable tool for characterizing protein structure. Recent developments are opening up
interesting new areas for the study of ultrafast dynamics. Two-dimensional (2D) coherent third-order approaches promise significant
new information beyond that available from established linear counterparts. Ultraviolet (UV) circular dichroism (CD) spectroscopy
can provide useful information on the folding dynamics of proteins. By probing electronic transitions, chiral 2DUV will furnish new
insights into protein backbone dynamics. We discuss recent progress in bringing together molecular dynamics simulations of
proteins, quantum chemical ab initio calculations on peptides and state-of-the-art methods for simulating chiral 2D optical spectra.

Amide n-π* and π-π* excitations around 200 nm are prominent spectroscopic signatures of the protein backbone, which
are routinely used in ultraviolet (UV) circular dichroism for structure characterization. Recently developed ultrafast
laser sources may be used to extend these studies to two dimensions. We have applied a new algorithm for modelling
protein electronic transitions to simulate two-dimensional UV photon echo signals in this regime and to identify
signatures of protein backbone secondary (and tertiary) structure. Simulated signals for a set of globular and fibrillar
proteins and their specific regions reveal characteristic patterns of helical and sheet secondary structures. We
investigated how these patterns vary and converge with the size of the structural motif. Specific chiral polarization
configurations of the UV pulses were found to be sensitive to aspects of the protein structure. This information
significantly augments that available from linear circular dichroism (1-3).

Fig 1. Dependence of the linear and 2D signals on the backbone configuration: helical (left column) vs extended strand (right
column). From top to bottom: structures and absorption, 2DUV xxxx, CD, and 2DUV xxxy spectra. The extended strand is taken
from lectil lectin (Thr1-Phe11 of chain C of Protein Data Bank entry 1les), and the R-helical conformation is a 20-residue
polyalanine chain.2
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Do photons add up in coherent optical wave-mixing?
Ian P Mercer
UCD Dublin
e-mail: ian.mercer@ucd.ie
Quantum superposition states (excitons) result from a strong electronic coupling between
molecules. These states have evolved in light harvesting proteins, but our progress in
understanding their role has been limited by the efficacy of optical techniques. It is difficult
with absorption and fluorescence to distinguish quantum couplings or transient mechanisms
in proteins, which are often obscured in the condensed phase at physiological temperatures.
Coherent laser wave-mixing techniques have been used to reveal transient mechanisms, but
often struggle to distinguish fast coherent mechanisms from energy transfers.
Recently, superposition states have been characterized in photosynthetic proteins using
multidimensional laser wave-mixing techniques. We will overview theoretical insights into a
new technique, angle-resolved coherent (ARC) wave-mixing. This technique is unique in
projecting superposition states and energy transfers into orthogonal dimensions, and as such,
is unique in distinguishing and characterizing superposition state energies instantaneously.
Combining with an ultra-wide bandwidth light source, this has newly revealed the evolution
of superposition state energies in a light harvesting protein at physiological temperature.
Remarkably, ARC wave-mixing is predicted to map an arbitrary number of superposition
state energies spanning the UV to the near-infrared, simultaneously. Also remarkably, the
emitted signal is derived to be phase-matched even where a superposition state evolves
arbitrarily such that ! S " ! 3 # ! 2 " ! 1 and k S " !k 1 + k 2 + k 3. This displaces the standard
premise for resonant four wave-mixing generally, that

! S = "! 1 + ! 2 + ! 3 and

k S = !k 1 + k 2 + k 3 in isotropic media.
Mercer et.al., Phys Rev Lett 102, 57402 (2009)
Mercer, Phys Rev A, 82, 043406 (2010)

38
ucp 2011 programme.indd 38

Ultrafast Chemical Physics 2011
06/12/2011 09:40

14

Probing dynamics in multiply charged anions through
photoelectron angular distributions
Daniel A. Horke,1 Adam S. Chatterley1 and Jan R.R. Verlet1
1
Deptartment of Chemistry, University of Durham, Durham DH1 3LE, UK

Photoelectron angular distributions from aligned multiply-charged anions provide intuitive insight into their molecular structure. We
observe molecular rotational dynamics in dianions through time-resolved photoelectron angular distributions.

Multiply charged anions (MCAs) are ubiquitous in nature and biological systems, yet very little is known about the
isolated properties and dynamics of these species in the gas phase. Their electronic dynamics are dominated by the
presence of excess charges within the molecule, leading to the formation of a repulsive coulomb barrier (RCB) to
electron detachment (Fig. 1a).1 This can lead to exotic MCAs with, for example, negative binding energies.2 The
trajectory of any outgoing photoelectron is strongly influenced by the shape of the RCB, leading to highly anisotropic
photoelectron angular distributions (PADs). We show that the PADs can be qualitatively understood based on the
location of the excess charges, providing structural information about the MCA.
The dianion of the laser dye Pyrromethene-556 (Fig. 1a) is introduced into the gas-phase by electrospray ionisation. The
S1 electronic state of the dianion, which is bound only by the RCB, is excited using femtosecond polarised light. This
leads to an aligned ensemble of dianions in the S1 state due to the well-defined direction of the transition dipole
moment. According to Fig. 1a, the expected PAD will have a maximum in the direction perpendicular to the
polarisation axis, and this is experimentally observed. The dynamics of this aligned ensemble is then monitored through
photodetachment with a second femtosecond laser pulse, producing ground state mono anions. The PAD reveals that
the anisotropy changes with time, from an initially highly anisotropic PAD to an almost isotropic angular distribution.
Fig. 1c-f show representative background subtracted photoelectron images, clearly showing the change in photoelectron
anisotropy. These changes are interpreted as rotational decoherence dynamics, leading to rapid dephasing of the initial
alignment. Photodetachment from the isotropic distribution of excited state dianions is expected to lead to an almost
isotropic PAD, as observed.

Fig. 1. (a) Energy level diagram of PM556 anion and dianion, showing the presence of a RCB and the excitation scheme used. (b)
Observed photoelectron aniosotropies as a function of time, clearly showing the rotational decoherence on a picosecond timescale.
(c-f) Representative background subtracted photoelectron images, clearly showing the changing angular distribution.
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Figure 1. Time resolved fluorescence decays of the cis (blue) and trans (red) isomers of HBDI in
methanol (left) and acetonitrile (right).
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Each FP contains a chromophore which has a common core structure. Minor changes to this structure or to its
surroundings in the protein can produce dramatic changes in optical behaviour. In addition FPs often exhibit complex
photodynamics which is undesirable for use as biological probes. Therefore in order to design chromophores and FPs
and to extend their range it is necessary to understand the underlying photophysics. The excited state dynamics of the
GFP model chromophore, 4-hydroxybenzylidene-1, 2-dimethylimidazoline (HBDI) and some second generation
chromophores (e.g. dsRed and kaede) will be investigated by time resolved fluorescence using ultrafast upconversion.
Presented here are the first results obtained for HBDI in different isomeric forms (Figure 1.) and the comparison to
simulations of the excited state dynamics based on the Glasbeek model [1]. Figure 1. illustrates that there was almost no
difference between the time resolved fluorescence of the cis and trans states. This was in agreement with the results of
our model which used cis and trans potential energy surfaces calculated by Olsen[2].

Fluorescent proteins (FPs) are incredibly important and versatile scientific tools used in a wide range of applications
including the labelling of proteins, cells and tissue, high resolution imaging and studying protein-protein interactions
[3]
. Due to the advantageous properties of FPs, such as their stability and ability to be expressed in living organisms,
they have become the focus of much research [4] [3]. Since Shimomura discovered wild type green fluorescent protein
(wtGFP) in the jellyfish Aequorea Victoria [5], many more FPs have been discovered and developed leading to a large
spectral range for emission and excitation. Furthermore a second generation of FPs known as photoactivatable
fluorescent proteins (PAFPs), whose properties can be optically modulated, has greatly enhanced the range of
applications of FPs.

The excited state dynamics of the isolated green fluorescent protein chromophore (HBDI) in different isomeric forms have been
investigated by time resolved fluorescence using ultrafast upconversion with a time resolution of better than 50 fs. The time resolved
fluorescence decays of both cis and trans HBDI have been measured for the first time and were observed to be almost identical. This
was in agreement with simulations of the fluorescence decays based on the Glasbeek model [1]using cis and trans potential energy
surfaces calculated by Olsen[2].
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Fig. 1. a) Time evolution of the optical transmission variation of the sample at three different probe wavelengths (450nm, 520nm,
730nm); the pump wavelength was 630 nm. b) Spectral signatures of the optical transmission measured at different time delays for
three pump wavelengths: respectively 630 nm, 720 nm and 740 nm; the difference in shape demonstrates that at least two 1MLCTtype states are initially excited by the pump. Shaded areas represent non-measurable regions of the spectrum. P indicates the pump.

Molecules with photoswitchable nonlinear optical properties in the nanosecond range are attracting considerable
attention as potential solid-state components of photonic devices, downsizeable at will, for ultrafast information
encoding.
In this paper we demonstrate experimentally that the photo-excitation in the MLCT band of an electron-rich Fe(II)
nitrophenylalkynyl complex1 leads to the population of at least two 1MLCT-type states (see Fig. 1b) which decay quite
rapidly into a metastable triplet state following a non-radiative process. We show that this triplet state, which should
also exhibit a strongly diminished hyperpolarizability, is fully formed with a very high quantum yield within 15 ps (see
Fig. 1a). The overall process results in a very efficient quenching of the luminescence of the initially generated 1MLCT
states by back electron-transfer. The spectral change observed subsequent to the photoexcitation is consistent with a
transient excited state, which presents a significant Fe(III/II) cationic character, in line with a reduced electron-donating
ability of the metallic centre. The purported mechanism is rationalized with DFT calculations. The experimental
techniques we used are based on solution absorption and emission studies in various solvents and, for the first time, on
femtosecond pump-probe measurements on solid samples in KBr.
Our results2 show that irradiation in the MLCT band of at ca. 600 nm of this complex might be conveniently used to
repeatedly switch the second-order NLO activity within picoseconds, starting from a conveniently poled solid sample of
this Fe(II) complex, thus significantly faster than by devices based on electrochemistry. This work has also implications
regarding third-order NLO phenomena. In fact we observe photobleaching at 650 nm, suggesting the absence of any
significant reverse saturable absorption at 600 nm in solution.

Abstract. We present the study of an electron-rich Fe(II) nitrophenylalkynyl complex presenting a high
hyperpolarizability in its singlet ground state and presumably a much diminished non-linear optical (NLO)-activity in
its first excited MLCT state(s). By means of spectroscopic and time-resolved measurements we investigate the ultrafast
dynamics for deactivation of the initially populated MLCT singlet state(s) of this particular organometallic complex,
which are shown to decay into a metastable triplet state. The purported mechanism is rationalized with DFT
calculations. We show that this triplet state, which should also exhibit a strongly diminished hyperpolarizability, is fully
formed with a very high quantum yield within 15 ps.
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Charge transfer excited states in a quasi non-luminescent
electron-rich Fe(II)-acetylide complex probed by
femtosecond optical spectroscopy.
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Fig. 1. UV-visible transient absorption spectra at different delay times from 200 fs to 2 ns. In the inset, the kinetic profile at single
wavelength is also shown.

-0.05

0.00

0.05

0.10

0.15

0.20

Recently, π-conjugated systems have provided great interest in technological applications due to their optical and
electrical properties. A comprehensive analysis of available information obtained by UV-visible and IR absorption
spectroscopies, and X-ray crystallography allows to describe the photophysics of these molecules and can give the
possibility to understand how their properties can be tuned by structural modifications.
In this scenario, we have studied an organic π-conjugated molecule, 4,7-dithien-2-yl-2,1,3-benzothiadiazole (DTBT)
that has been applied as a very efficient acceptor unit in low-band gap polymers for solar cells1.
The DTBT is characterized by a very strong fluorescence emission with a quantum yield equal to ~0.9 in the most
popular solvents and fluorescence lifetimes in the range of 10 -15 ns. Absorption spectra are not noticeably affected by
the solvent while a very strong bathochoromic shift in the emission profiles with increasing solvent polarity is observed.
This suggests that the dipole moment of the excited state is higher compared to that of the ground state.
The excited state properties can be accessible by transient absorption spectroscopy. To this purpose we applied
pump-probe techniques using femtosecond pulses in the visible and in the mid-IR spectral ranges. The measurements
have been done in solution, at room temperature and at different excitation wavelengths.
The results will allow us to unravel the mechanism of electronic excited states relaxations and to discuss the
intramolecular processes ruling the large observed Stokes-shift. The study has been completed by ab-initio calculations
to better interpret the observed results.

∆A
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Abstract. Transient absorption spectra of 4,7-dithien-2-yl-2,1,3-benzothiadiazole (DTBT) have been obtained in different solvents by
the UV-visible pump-probe technique. Time-resolved infrared spectroscopy has been also carried out in order to obtain the
vibrational frequencies in the excited states of the chromophore. All the results allow us to characterize the excited states properties
of the benzothiadiazole-based DTBT compound.
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Fig. 2. Ultra-fast time resolved spectroscopy in [Fe(3-MeO-SalEen)2]PF6 Size-reduced crystals.

Fig. 1. Coherent oscillation and amplification process after femtosecond excitation in cooperative coumpounds.

There are some examples of molecular materials undergoing first order transitions between a high-spin (HS) and a
low spin (LS). Such abrupt change results from significant cooperativity between molecules [2]. We address here the
ultrafast response of such materials to femtosecond light excitation by using femtosecond pump-probe optical
spectroscopy. The results [Fig. left] indicate a 100 fs dynamics similar to the one of molecules in solution, with marked
Franck-Condon process relaxing locally to the HS state. But the time course of the pump-probe signal also shows two
fascinating effects: coherent oscillation assisting the transition and amplification in the 0-4 ps time window. The
apparent oscillation has a frequency of 108cm-1, which matches the butterfly mode of the ligand rings. This is the first
example reported so far which may be interpreted as phonon-assisted amplification through elastic interactions between
adjacent bistable molecules.
Another important goal is to try to control such Fe(III) photos-witching at nanometric scale, and if possible on a
cooperative material such as in [Fe(3-MeO-SalEen)2]PF6 recently studied by optical pump-probe spectroscopy [4]. Sizereduced crystals of this compound were embedded in a polymer film and have typically the dimensions of
600*8000*300 nm. Our results showed that on a sub-picosecond time scale the dynamics looks globally the same as
that of molecules in solution, thereby suggesting purely molecular origin of the ultrafast transition. However, on the
nanosecond timescale we observe a non-linear increase of the converted spins with the photon flux. We tentatively
attribute this non-linearity to a propagating pressure front switching dark molecules through elastic coupling.

Controlling matter with light presents a key scientific issue. In the family of spin-transition compounds studied here,
two competing electronics states with different spin multiplicity exist. To change the magnetic state we can use
different external stimuli such as temperature, magnetic fields, pressure and light. The possibility of tuning the system’s
spin state with light has been well known since twenty years, but up to now, mainly cw light excitation was used to
study slow macroscopic dynamics. New powerful tools in the fields of ultrafast optics give the possibility to watch in
real time this spin state switching and understand the mechanism involved in such transformation. Most of these studies
have been carried out in liquid state with molecules in solution [1], Studying solid state is essential in material science,
where the medium in not passive but active, hence it may give rise to cooperative response to light excitation.

Abstract. Despite numerous examples in the literature of the ultrafast photo-induced spin state switching of spin-transition molecular
systems, only very few concern solid state [1] . We present recent studies on two such crystalline systems, each with some
particularity: The first one is molecular system who exhibits strong cooperativity, whereas the second one is size-reduced crystals
embedded in a polymer film showing a more progressive transformation. We perform ultrafast absorption spectroscopy to identify
the primary events involved in the resulting photo-induced transitions.
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Figure 1 Schematic representation of the processes taking place in dye sensitized solar cells under irradiation.

Dye sensitized solar cells (DSSCs) are a promising alternative to conventional photovoltaic
converters.1 The functioning of these devices is based on kinetic competition between the injection
of an electron from the exited state of a dye-sensitizer into the conduction band of a wide band gap
semiconductor, the regeneration of the ground state of the dye, and the transport of the generated
charges to their respective electrodes, on the one hand, and charge recombination processes, on the
other hand. To avoid the recombination of conduction band electrons with the dye oxidized states, it
is necessary to separate the hole and the electron either by fast regeneration of the dye or by
diffusing the electron away from the interface into the bulk of the solid. Understanding the
fundamental mechanisms of these processes is therefore required to develop approaches to a
rational design of DSSCs.
Using optical pump-THz probe spectroscopy, it is possible to monitor the appearance of
photoinjected electrons in the conduction band of titanium dioxide with a sub picosecond time
resolution.2,3 These experimental kinetic results are compared with transient absorption
measurements, in which the appearance of the dye cation at the interface is monitored.4 Filling the
pores of the nanostructured film with the hole conducting material gives rise to a much slower
component in the transient THz signal that could be correlated to the injection of the hole into the
spiro-OMeTAD. Furthermore, recording conductivity spectra of the photoelectrons at THz
frequencies allows discussing the localization of electrons depending on the composition of the
sample.5 Charges and dipoles, which are located close to the photogenerated electron-hole pairs, are
thought to act on the mobility of charge carriers by screening Coulombic interactions.

Abstract. In this work we investigated the influence of infiltrating a dye-sensitized mesoporous TiO2 layer with the organic holeconducting material spiro-OMeTAD on the kinetics of charge carriers photogeneration. Dynamics recorded by probing the
appearance of conduction band electrons by THz spectroscopy is quite different from those obtained by monitoring the appearance
of the oxidized states of the sensitizer by transient absorption spectroscopy. The effect of commonly used additives, such as tBP and
Li+ salts, was also investigated. A model is proposed, which involves electrostatic interaction between photoinjected electrons in the
solid and cations adsorbed at the surface.
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Fig. 1. Experimental observation of ultrafast planarization (a) Pump-probe (red lines) and pump-push-probe (markers) dynamics of
the trimer, pentamer and heptamer in solution. The push arrives at 4ps for the trimer and pentamer and at a variety of times for the
heptamer (100fs diamonds, 1.2ps triangles, 2ps squares, 3.2ps circles, 18ps crosses), (b) pump-probe (left) and pump-push-probe
(right) spectra at zero-crossing region for the pentamer. Note the slow red-shift in the pentamer pump-probe spectra. The push
(arriving at 2.5ps) causes an immediate red-shift. (c) Pump-push-probe dynamics at 480nm of the heptamer in solution, measured
with 20fs temporal resolution, showing only the arrival of the push and subsequent recovery which has a time-constant ~60fs. 1

Oligo- and poly-fluorenes and their co-polymers are cutting-edge materials for many organic photonic applications such as
ultrafast all-optical gain switching¹. For photonic applications such as these, the nature of primary and higher-lying
photoexcited states and their dependence on molecular conformation are fundamentally important. Here we demonstrate that
the usually slow (10s of picoseconds) torsional relaxation of oligofluorenes in solution can be speeded up almost 1000 times
through a process of non-adiabatic internal conversion from higher-lying states².
We will show time-resolved transient absorption experiments as well as calculations which demonstrate that internal
conversion from precise higher-lying states leads to ultrafast planarization of the inter-monomer dihedral angle on a time
scale comparable to one forth of the main torsional mode (100fs), without performing oscillations to adjust the
conformation. The classical analogy is that of an over-damped pendulum where 'quantum friction' efficiently redistributes
momentum, providing the first experimental evidence of an over-damped quantum oscillator. The `friction' mechanism has
little to do with the classical analogue; at each non-adiabatic transition, the wavepacket momentum is 'rescaled' into other
modes. We are thus able to control how a molecule will move with light opening up new possibilities for organic photonics
and optoelectronics or light-controlled chemistry.

Abstract. Molecular conformational reorganization following photon absorption is a fundamental process driving reactions such as
vision and energy harvesting in nature and can be exploited for switching or molecular memory in artificial systems. For bulky
movements such as molecular twisting, experience tells us that conformational relaxation takes ~10-100ps, typically involving tens of
vibrational oscillations around the new equilibrium position. Here we report the observation of ultrafast (sub-100fs) planarization of
a large conjugated oligomer in solution. This well-over 100-fold increase in conformational reorganization time is classically
analogous to an over-damped pendulum where friction efficiently redistributes momentum and the oscillator arrives at its final
configuration within a fraction of the vibrational period. The `friction' here is due to non-adiabatic surface crossings that
instantaneously rescale wavepacket momentum into other modes.
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Fig. 2. Fluorescence decay curves measured at various emission wavelengths.

Fig. 1. Rotary cycle of a light driven molecular motor.
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Biological molecular machines which convert chemical energy into mechanical energy have been shown to play a vital
role in a number of systems throughout nature. 1 One important mechanism by which these molecules achieve motion on
a molecular scale is via rotary motor action. In order to improve understanding of such systems, extensive attempts have
been made to synthesise molecules capable of mimicking this unidirectional rotary motion. Thus far, the most
successful synthetic designs are based upon sterically overcrowded alkenes. 2 The motor is driven photochemically and
unidirectional rotation is achieved via two steps (Figure 1) – an excited state cis-trans isomerisation (Step 1) followed
by a ground state thermal helix inversion (Step 2). Repetition of another photoisomersation (Step 3) followed by
thermal helix inversion (Step 4) completes one full 360o rotation. The unidirectional nature of the motion is dictated by
the absolute configuration of the stereogenic centre (methyl substituent) where rotation in one direction is significantly
more energetically favourable. Under constant irradiation, repetitive unidirectional rotary motion of the upper part of
the molecule (rotor) relative to the lower part (stator) is achieved. The helix inversion (rate limiting step) has been the
focus of much research and careful synthetic design has greatly improved the efficiency of this part of the rotary cycle.
However, the photochemical isomerisation step is comparatively poorly understood. In order to continue to improve the
design of synthetic molecular motors as well as to utilise them in real applications, control over the photochemical
isomerisation is vital. An improved understanding of this mechanism requires a detailed insight into both excited state
dynamics and coupling between the excited and ground state surfaces. In order to conduct such a study, we employed
ultrafast fluorescence spectroscopy3 with a time resolution better than 50 fs to probe the excited state dynamics of a
molecular rotary motor (Step 1). The decay dynamics exhibit an ultrafast decay, significant emission wavelength
dependence and an oscillation attributed to coupled coherent low frequency modes in the excited state (Fig 2).4 The
effects of molecular substitution and medium friction are currently under investigation.

Abstract. A key step in the mechanism of synthetic light-driven unidirectional molecular rotary motors is an excited state cis-trans
isomerisation. Here, we utilise ultrafast fluorescence spectroscopy with a time resolution better than 50 fs to probe the ultrafast
excited state dynamics of a molecular rotary motor. We report an ultrafast decay, significant emission wavelength dependence and
an oscillation in the time resolved emission which we attribute to the coupling of the decay dynamics with coherent low frequency
modes in the excited state. The origins of such features are discussed.
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Anisotropy decay of the vAS(PO2)- stretching mode showing a slowing down upon hydration.

Fig. 1. (a) Transient spectra upon excitation of the vAS(PO2)- stretching mode for low and high hydration levels.. (b)

Lipid molecules form a critical part of membranes found in all living systems and multibilayer films have been used to
model biological membranes. We introduce dioleoylphosphatidylcholine (DOPC) self-assembled into reverse micelle as
a new model system. In these systems the water content w0 = [H20]/[DOPC] can be easily controlled to study lipidwater interactions.
We performed femtosecond infrared pump-probe experiments on the antisymmetric phophate-stretching vibration
vAS(PO2)- for different hydration levels (0 ≤ w0 ≤ 16), as shown in Fig. 1a. The lifetime of the vAS(PO2)- oscillators is
found to be 300 fs independent of the hydration. As such, the vibrational energy redistributes first into low-frequency
modes of the phosphate group, followed by redistribution into other low-frequency modes of the DOPC molecule and –
if a water-pool is present – low-frequency modes of surrounding water molecules. The time constant of the overall
energy redistribution decreases from 1.5 ps for w0 = 0 to 1 ps for w0 = 16. On longer time scales, we observe a blue-shift
of the vAS(PO2)--stretching band for micelles with high hydration indicating that energy redistribution leads to weakened
and/or broken phosphate-water hydrogen bonds.
We also measured the anisotropy decay of the vAS(PO2)- excitations for different hydration levels (Fig. 1b). Förster
resonant energy transfer between phosphate oscillators can be used as a model to explain the observed anisotropy decay
occuring on a time scale of a few picoseconds. The energy transfer rates are found to decrease with increasing water
content. This finding is tentatively ascribed to differences in micelle geometries and water-induced changes in the
phosphate-phosphate interaction.
Ongoing two-colour infrared pump-probe studies focus on the vibrational relaxation pathways of water bound to the
phospholid polar heads from which we aim to directly monitor water-phospholipid interactions.

elementary processes relevant for energy transport in hydrated biological membranes. Femtosecond infrared pumpprobe measurements give insight into the dynamics of the antisymmetric phosphate stretching vibration v AS(PO2)-, a
sensitive probe of local phosphate-water interactions. We observe a 300 fs lifetime in which excess energy is transferred
to low frequency phosphate vibrations. For the subsequent energy redistribution water acts as an efficient heat-sink
leading to faster thermalization with increasing hydration. In parallel to vibrational relaxation, resonant energy
transfer between vAS(PO2)- oscillators delocalizes the initial excitation.

Abstract. Phospholipids self-assembled into reverse micelles in benzene are introduced as a new model system to study
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Figure 1: Crystal structure from Thermobifida Fusca truncated hemoglobin; the structure of the distal heme pocket is evidenced
in the circle.

We have studied carbon monoxide recombination dynamics upon phodissociation with visible light
in two truncated hemoglobins, form Thermobifida Fusca and Bacillus Subtilis, by means of ultrafast
visible-pump/MidIR probe spectroscopy.
Photodissociation has been induced by exciting the sample at two different wavelengths, 400 nm,
corresponding to the heme absorption in the Soret band, and 550 nm, inducing Q-band absorption
of the heme. We have probed both the infrared region where the bleached iron-CO coordination
band (1920-1940 cm-1) is located and where the free CO absorption band is observed (2020-2040
cm-1).
The obtained kinetic traces reveal multiexponetial dynamics, which can be interpreted as arising
from fast geminate recombination of the photolized CO.
A compared analysis of the crystal structure of the two examined proteins reveal a similar structure
of the distal heme pocket, which contains conserved polar and aromatic aminoacid residues closely
interacting with the iron ligand. Although fast geminate recombination is observed in both proteins,
several kinetic differences can be evidenced, which can be interpreted in terms of a different
structural flexibility of the corresponding heme proteic environments.
Finally, the analysis of the free CO band-shape and of its dynamic evolution allows us to draw
some conclusions about the nature of the docking site inside the protein cavity.

Abstract.
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Carbon monoxide recombination dynamics in truncated hemoglobins studied
with Vis-pump/MidIR-probe spectroscopy
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Fig. 1. (Left) Representative molecular structure of the investigated complexes (colour code: white= carbon, black = hydrogen,
blue= nitrogen, yellow=sulphur, green = central metal atom). Charge distribution and electric dipole (μ) in the ground (gs) and
excited (es) states are also shown. (Right) Contour plots of the frontier orbitals.1
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Transition-metal dithiolene complexes exhibit a variety of properties as a large second and third-order optical
nonlinearity, optical limiting and conductivity when polymerized. In addition, several metal bis-dmit
(dmit = 2-thioxo-1,3-dithiole-4,5-dithiolate) salts have been found to undergo superconducting transition.
For these reasons, they are the object of extensive studies for possible applications as different as dyes for laser and
liquid crystal devices, light compensation filters for NIR radiation, but also electronic device applications
(semiconductors for field-effect transistors, fabricating organic conductive films, etc).
The unique behaviour of this class of compounds originates from the highly delocalized nature of the frontier
orbitals due to the conjugation of ligand π and metal d electrons, which gives them the possibility to easily change the
oxidation state, as well as an enhanced polarizability. This is confirmed by investigation of the ultrafast third order
nonlinearity of these systems whose instantaneous response points to a pure electronic origin, before any structural
rearrangement.
Despite such a strong interest on their electronic properties, no studies have been carried out so far to investigate the
first fs to ps time domain, where the early electronic dynamics occurs and most of the aforementioned properties
originate. Here we present our first results on a series of square-planar d8 metal mixed-ligand dithiolene complexes
investigated with fs time-resolved broadband transient absorption spectroscopy.
We studied the role played by the central atom, the ligands and the solvent. A common photocycle is found, where in
a few ps the lowest long-lived triplet state is populated via an efficient intersystem crossing (ISC). Contrary to other
metal-complexes these systems show a relatively slow ISC rate (typically 10-11 s-1) that increases accordingly to the
spin-orbit coupling strength of the central metal. Along with the unexpected involvement of lower lying excited states,
we found an unusually strong modulation of the electronic dynamics on the time scale of solvation response function.
Possible models to rationalize this astonishing response to the solvent reorganization are discussed.

Abstract. Here we present our first results on the fs to ps relaxations in a series of square-planar d8 metal mixed-ligand dithiolene
complexes, investigated with fs time-resolved broadband transient absorption spectroscopy. In particular we studied two
isoelectronic series (Ni, Pd, Pt) of two homologous complexes to clarify the role of the central atom, the ligands and the solvent. A
common photocycle is found with the unexpected involvement of lower lying triplet states. In addition An unusually strong
modulation of the electronic dynamics on the time scale of solvation response function is observed
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Fig. 1. Transient absorption spectra of a 2:1 mixture of CdTe-TGA quantum dots and ZnTMPyP4, recorded over the first 10 ps after
400 nm excitation.
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Nano-sized Cd(II) based quantum dots (QDs) have attracted enormous interest due to their tuneable size, surface
chemistry, and photophysical properties, which lead to numerous potential applications in photonics and biochemistry.1
Studying the excited states of QDs presents a challenge to spectroscopists, though interactions with organic dyes such
as porphyrins can reveal information about their excited-state behaviour.2
Thioglycolic acid (TGA) coated CdTe quantum dots of narrow size distribution (2.3 ± 0.1 nm diameter) were
prepared by a reflux method.3 Addition of Zn(II)-meso-tetrakis(4-N-methlypyridyl)porphyrin (ZnTMPyP4) to CdTeTGA QDs in H2O results in a red-shift and hypochromism in the absorption spectrum of ZnTMPyP4 (ZnP), indicative
of a binding interaction with the acid groups on the particle surface. Complete quenching of CdTe emission is achieved
after the addition of 1 equivalent of ZnP, while complete quenching of ZnP emission is achieved after the addition of
only 0.25 equivalents of QD. Such quenching behaviour suggests that more than one porphyrin can be quenched by
each quantum dot. Small-angle X-ray scattering (SAXS) measurements were performed in order to characterise the
association between quantum dots and porphyrins and revealed higher order aggregates at high ZnP:QD ratios.
The excited-state processes were investigated using picosecond transient absorption spectroscopy, under conditions
where multi-exciton generation was minimised. The data reveals a rich transient spectrum with features characteristic of
a number of species. In particular the behaviour of the ZnTMPyP4 and CdTe bleaches suggests a sensitised removal of
ground-state ZnTMPyP4, possibly due to a photoinduced electron transfer from the CdTe QD to ZnTMPyP4 (Fig. 1).
General issues with the transient spectroscopy of quantum dots will also be discussed.

Abstract. The interactions of TGA coated CdTe quantum dots with a Zn(II) metalloporphyrin have been studied using steady-state
absorption/emission, small angle X-Ray spectroscopy, and picosecond transient absorption spectroscopy. Steady-state measurements
show a binding interaction with efficient static emission quenching of both CdTe and ZnTMPyP4. Full quenching is achieved with
less than one equivalent of the quenching species. Transient absorption data may be interpreted as a photo-induced electron transfer
from the CdTe to ZnTMPyP4.
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of T(6-4)T lesion and T(Dewar)lesion

Steady state absorption / emission spectra

Fig. 2.
at roomtemperature after excitation at 320nm

Time resolved fluorescence of T(6-4)T lesion
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Fig. 1.

Ultraviolet (UV) radiation induces a number of different photo-damages in DNA. Among them the CPD
(cyclobutane pyrimidine dimer) photolesion of neighbouring thymine bases is most abundant while the Dewar
valence isomer is most serious. In this contribution we use time resolved UV-pump, IR-probe-spectroscopy and
time resolved fluorescence spektroscopy to study the formation dynamics of these photolesions. We will present
results from different model systems (dimers, modified dimers, longer single strands). The experiments reveal
that the formation of the CPD lesion occurs within ~ 1ps, i. e. during the ultrarapid decay of the excited singlet
state. For this reaction a favourable arrangement of the adjacent thymine molecule is prerequisite and variations
of the arrangement influence the quantum efficiency.
Illumination of the T(6-4)T lesion – the precursor of the Dewar isomer – with light at 320 nm populates an
excited electronic state with a lifetime of ~ 100 ps. Within 2.5 ps after optical excitation the molecule reaches a
local minimum on the excited electronic landscape. The subsequent decay of the excited electronic state is much
slower and is found to be temperature dependant. This process which involves the crossing of an energetic
barrier takes ~ 140 ps at room temperature. The formation of the Dewar valence isomer can be followed via the
IR absorption of the C=O stretching mode, which is located at 1781 cm-1. The IR experiment directly shows that
the formation of the Dewar photolesion occurs upon the decay of the excited singlet states.
The combination of experimental investigations with quantum chemical simulations allows to obtain detailed
information on the molecular coordinates promoting lesion formation and shows that the connection of the two
thymine molecules via the backbone is prerequisite for Dewar formation.
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Fig. 1. Transient absorption of photoactivated [Ru(bpy)2(py)2] at 400 nm and probed with 720 nm. Inset: The structure of
[Ru(bpy)2(py)2].

Recent studies of the photoactivation of the RuII based (potential) anticancer drug [Ru(bpy)2(py)2] suggest that
following excitation at 400 nm to a singlet metal-ligand charge transfer state (MLCT) state, the first step in the excited
state dynamics involves intersystem crossing to a triplet MLCT state. Internal conversion from this state to a metal
centred (MC) state followed by ligand dissociation and subsequent coordination with the solvent (water) forms a highly
reactive species which can interact with target macromolecules to cause cell death1,2. Photoactivation of such species
thus offers the potential for initiating unusual ligand substitution to give new mechanisms of anticancer activity coupled
to the highly selective nature of the photoactivation which minimizes side effects.
It is the aim of our transient absorption studies to provide an understanding of the dynamics involved and the
timescales at which they occur, of newly synthesized complexes of the general type [M(L2)2(L)(X)]+ (where X or L is
the photodissociative ligand and L2 is a bidentate ligand) in collaboration with Professor Peter Sadler’s group at the
University of Warwick. The knowledge gleaned will prove critical in the development of such drugs, offering new
directions towards complexes with greater stability (in the dark) or with faster activation (dissociation of ligand). An
initial study of one such RuII based anticancer drug has shown the potential of this approach in explaining the initial
photoactivation steps and offers scope for the study of similar complexes substituted with alternative ligands.

Abstract. The design and assembly of an ultrafast transient absorption spectrometer, to record femtosecond transient absorption
spectra of novel photoactivated anticancer metal complexes is presented. The componentry, general progress and recent results are
presented.

S. Ed Greenough and Vasilios G. Stavros
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Towards transient absorption studies of anticancer
complexes
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Additional benefits of the 10 kHz probing with lower repetition rate pumping include the ability to scale up the
amount of probing of the sample within each, potentially damaging, pump pulse. It should also be noted that this
M
TR PS approach is of particular interest to experiments where reaction timescales can cover orders of magnitude, such
as biology, monitoring ultrafast initial proton transfer or isomerisation processes to slow large scale protein motions.

A new development at the ULTRA facility, Time-Resolved Multiple Probe Spectroscopy (TRMPS), uses optical and
electronic timing control over two chirped pulse amplified titanium sapphire laser systems running at 1 and 10 kHz to
enable time-resolved measurements with the same system from a few femtoseconds to seconds. The two main lasers are
synchronised from the same oscillator seed laser. Ultrafast 10 fs – 15 ns timing is determined by optical delay control as
before, but on the seed beam. Electronics of the laser amplifier are then adjusted to ensure no change in the amplifier
output. For timing control beyond 15 ns (determined by the repetition rate of the oscillator, 65 MHz), the timing
software calculates the appropriate number of seed pulses (multiples of 15 ns) to delay the firing of the amplifier
electronics, with fine timing within each 15 ns period controlled with the optical delay line. This allows normal timeresolved measurements, but with continuous tuning of the pump – probe delay from femtoseconds to 1 ms (defined by
the 1 kHz pump laser). To extend to > 1 ms, the repetition rate of the 1 kHz pump laser output can be reduced by
choppers and dividing down triggers to the amplifier optics.

The ability to address multiple aspects of a scientific problem is key to tackling ambitious projects. As scientists
apply this approach, using various techniques to characterise a single system, the wealth of information generates
convincing evidence to understand a problem. An issue in comparing data sets from multiple experiments is the
uniformity of the sample and technology required to make the measurement. One example of this is the limitation of a
single time-resolved system to measure spectral evolution over many orders of magnitude in time. Typical ultrafast
measurements use optical delay lines with 1 fs – 10 ns timing control1. Beyond these limits, the challenge of
transporting beams over many metres becomes difficult. Fortunately, Q-switched lasers are able to take over at this
point and control timing of laser pulses > 100 ps1. However, switching between these two regimes means that two
different laser systems and experimental configurations are necessary, so consistency of results cannot be guaranteed.

Abstract. The ULTRA Facility at the Rutherford Appleton Laboratory applies high repetition rate (up to 10 kHz) lasers to timeresolved spectroscopy. Recent laboratory relocation has allowed the lab to be set up for parallel operation of time-resolved
experiments probing using UV-vis absorption, IR absorption, 2DIR, and Raman spectroscopy techniques. Now, we are undertaking
developments in medium repetition rate pumping with high repetition rate probing enabling scientists to monitor ultrafast to long
timescale processes with the same laser system.

Gregory M. Greetham, Dave Sole, Ian P. Clark, Mark Pollard, Pierre Burgos, Anthony W. Parker, and Mike Towrie
Central Laser Facility, Science and Technology Facilities Council, Research Complex at Harwell, Rutherford Appleton
Laboratory, Didcot, Oxfordshire, OX11 0QX, UK

Development of Time-Resolved Spectroscopy Facilities
Covering Femtoseconds to Seconds
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Fig. 1 Experimental Setup

Coherent phonon dynamics in condensed matters are generally discussed by harmonic lattice potential. However,
when the phonon amplitude becomes larger, anharmonic effects such as phonon softening, overtone frequency, and
forbidden modes can appear. These phenomena are reported in several semimetals and ferroelectrics.
The origin of anharmonicities is different between semimetals and ferroelectrics. In the case of semimetals, photoexcited carriers soften the inter-atomic binding, which leads to anharmonic effects. At the same time, the phonon
amplitude becomes large as pulse intensity increases. Thus it is difficult to distinguish both contributions.
In the case of ferroelectrics, the dielectric constant of ferroelectrics is so large that electric field interacts with
electronic state efficiently. As a result, the energy is transferred from virtual-excited electrons to lattices. Therefore
large amplitude of the coherent phonon leads to amharmonic effects when it is beyond the harmonic lattice potential.
Our purpose is to observe the purely phonon-derived lattice anharmonicity in transparent semiconductor ZnO. For the
purpose we focused on the non-polar E2 mode in ZnO. Since the interaction between non-polar mode and carriers is
weak, we can expect that the three-photon excited carriers will not affect the coherent phonon dynamics. In addition, it
has a long coherent phonon lifetime (~200ps) suitable for multi pulse excitation.
A double pulse pump-probe experiment was performed at 83K using amplified mode locked-Ti sapphire laser. (Fig.1)
The central energy was 1.55eV which is enough below the band gap of ZnO and the pulse width was 90fs. The pulse
width and polarization configuration allows to detect only E2low mode. The inset of Fig.1 shows a typical result of our
measurements in which a coherent oscillation signal of phonon E2low mode in ZnO is clearly observed.
Blue square in Fig. 2 shows the initial amplitude of coherent E2low phonon under single pulse excitation. When the
pump intensity is below 60 GW/cm2, the signal amplitude is proportional to the pump intensity in agreement with the
impulsive stimulated Raman scattering (ISRS) process. When the pump intensity is over 60GW/cm2, we observed a
clear decrease in the signal intensity but not observed the phonon softening (not shown). Therefore we suppose that this
decrease is not caused by the anharmonic effects but by a nonlinear optical effect of intense pump pulse. Actually we
observed spectral broadening of the transmitted pump pulse due to the self phase modulation (SPM). We suppose that
the chirp of the pump pulse caused by SPM reduced the signal amplitude.
In several studies the pulse-train excitation has been used to control the phonon amplitude and to select modes.[1, 2] In
addition, we can expect that nonlinear optical effects is quenched while sum of the pulse intensity is keeping constant.
As shown in Fig.2(red circle) double pulse excitation reached the larger maximum than that in the single pulse case.
This result clearly shows that the multi-pulse excitation is effective in increasing the phonon amplitude. However we
could not observe the anharmonic effects even in the double-pulse excitation. Therefore it is important to estimate how
many pulses are necessary for observing anharmonic effects.
According to ISRS theory [3], we can estimate the phonon amplitude from our results using the Raman derivative
polarization which was calculated from Raman scattering efficiency.[4] From the calculation, the maximum lattice
displacement in the double-pulse excitation is estimated to be 1.0~2.0×10-5[nm]. This is one order smaller than the
reported values for anharmonic effects of semimetals and ferroelectrics. However there is a great possibility to observe
the anharmonic effects using more than double pulses, since we have confirmed that multi-pulse excitation is very
effective for our purpose.

Abstract. We investigated coherent E2low phonon amplitude in wide-gap semiconductor ZnO under nonresonant high excitation. In
order to generate the lager amplitude, the advantage of double pulse excitation against single pulse excitation is clearly elucidated.
We calculated the displacement of coherent phonon from its transmittance change and discussed how many pump pulses are
necessary to observe anharmonic effects.
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-3

ucp 2011 programme.indd 48

(T/T)X10

48

Ultrafast Chemical Physics 2011

06/12/2011 09:41

14

ucp 2011 programme.indd 49
2

2

1
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Fig. 2. a) Absorption spectrum of tetrathiophene-Bodipy dyad (solid black line) and emission spectrum of tetrathiophene (dotted red
line). b) Ultrafast PL of 4T in the dyad (open circles) and a fit to an exponential decay with a time constant of 120 fs (solid line).
The instrument response function of 260 fs FWHM is also indicated (dotted black line).

The results raise an important question of what the mechanism of ultrafast EET is. Förster resonance energy transfer
calculations on the system, with an atomic transition charge distribution model, give a transfer time of ~ 5 ps from the
relaxed excited state geometry, which is much slower than is experimentally observed, raising the possibility that shared
vibrational modes between the two chromophores can enhances the rate of EET.

After photoexcitation of the 4T moiety in the dyad, the decay of 4T
photoluminescence (PL) is observed, shown in Figure 2b, and fits to a time
constant of 120 fs. The decay embodies the EET process to Bodipy. This
time constant for EET has also been confirmed by looking at the rise-time of
Bodipy emission. Furthermore, ultrafast 120 fs depolarisation of Bodipy
fluorescence has been observed and confirms the nearly perpendicular
orientation of the two chromophores in the dyad.

We report an ultrafast fluorescence study of EET in a dyad of
tetrathiophene (4T) and Bodipy, where the two chromophores are covalently
connected nearly perpendicular to each other, as shown in Figure 1. The
spectral overlap of 4T fluorescence and Bodipy absorption in the 450-550
nm region, Figure 2a, enables resonant EET between the two.

Electronic energy transfer (EET) is a topic of great current interest. Across a wide variety of fields, from natural and
artificial photosynthesis to organic solar cells and biological mechanisms, EET can determine the efficiency of many
different processes.1, 2 In a weak coupling regime the vibrationally relaxed excited state EET is well described by
Förster theory. In contrast, EET by strong and intermediate coupling is not yet understood.

Abstract. We use ultrafast fluorescence to measure electronic energy transfer in a dyad consisting of two nearly perpendicular
chromophores linked by a single bond. Energy transfer occurs with a time constant of ~ 120 fs, which is almost two orders of
magnitude faster than Förster theory at the atomic charge density level predicts. A possible explanation is that shared vibrational
modes between the donor and acceptor can enhance the rate of electronic energy transfer.
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Fig. 1. (a) Experimental geometry. The s-polarized pump has its E field along the x-axis while the p-polarized pump has its E field in
the yz plane. (b) IR pump/VSF probe data for free OH at air-water interface with different polarized pump. The black and grey lines
are generated using the numerical model of Nienhuys and Bonn1 with the parameters extracted from the simulation.

(a)

A molecular level understanding of how water meets surfaces is important for a variety of topics in bio- and chemical physics.
Much previous work has focused on the structure of interfacial water using vibrational sum frequency (VSF) probe measurements.
VSF spectroscopy is a second order nonlinear technique in which IR and visible fields are mixed at an interface and the emitted field
at the sum of their frequencies monitored. When the IR frequency is tuned to that of the OH stretch, it has been shown to provide a
spectrum of just the top 1-2 layers of water molecules near an aqueous interface. Here we present the first study of the reorientational
dynamics of interfacial water. We probe the motion of free OH groups at the air/water interface using time- and polarization-resolved
IR pump / vibrational sum frequency probe measurements. The additional pump pulse induces vibrational excitation for molecules
oriented preferentially along the polarization axis of the pump field. Time-resolved VSF spectroscopy with multiple pump
polarizations and an appropriate theoretical model, provides insights into interfacial reorientational motion1. The reorientational rate
of the free OH is found to be three times larger than the reorientation of hydrogen bonded water molecules in bulk, while the
vibrational relaxation is four times slower, caused by the relatively weak intermolecular coupling between molecules2. The results of
classical all-atom simulations allow a parameter free description of the experimental results. The observed population of rapidly
reorienting water molecules is likely a general feature of water near extended hydrophobic surfaces and is an important additional
characteristic of how water meets such surfaces.

Abstract. We demonstrate the real-time measurement of the ultrafast reorientational motion of water molecules at the air-water
interface, using femtosecond time- and polarization-resolved vibrational sum-frequency spectroscopy. Vibrational excitation of
dangling OH bonds along a specific polarization axis induces a transient anisotropy that decays due to the reorientation of
vibrationally excited OH groups. The reorientation of interfacial water is shown to occur on sub-picosecond time scales, three times
faster than in the bulk, which can be attributed to the lower degree of hydrogen bond coordination at the interface. Molecular
dynamics simulations of interfacial water dynamics are in quantitative agreement with experimental observations and show that,
unlike in bulk, the interfacial reorientation occurs in a largely diffusive manner.
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Fig. 1: (a) Velocity-map
image for C60 ionised using
400 nm, 120 fs laser pulses;
(b) PAD for the 3s SAMO
obtained from the VMI
image
in
(a).
The
corresponding PAD for C70
is
also
shown;
(c)
Anisotropy parameter as a
function of electron kinetic
energy for several peaks.
Peaks I and IV are
assigned as s states.
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The so-called superatom molecular orbitals (SAMOs) of fullerenes C60 and C70 are diffuse, hydrogen-like orbitals that
are thought to generally arise in hollow molecules and nanostructures1. In contrast to the conventional molecular
orbitals, the SAMOs are centred on the hollow core rather than on the carbon atoms in the shell. These orbitals were
first discovered by Feng et al. in scanning tunnelling spectroscopy studies of C60 on metal surfaces1. Rydberg states
have previously been identified in fullerenes 2 but the SAMOs are different from conventional molecular Rydberg states
in that the lowest lying SAMO has most of its electron density on the inside of the cage, which cannot occur in
conventional Rydberg states. It is thought that an aggregation of modified C60 molecules prepared into SAMO states
will exhibit excellent electrical conductivity and can be incorporated into nano-scale electronic devices. The outstanding
properties of the SAMOs may therefore significantly advance the field of molecular scale electronics.
Obtaining spectroscopic information about excited electronic states in complex molecules and nanoparticles, such as
fullerenes, is challenging due to the efficient energy coupling and high density of states. Multiphoton ionisation
schemes are not always possible due to the short lifetime of any intermediate state but by using ultrashort laser pulses it
may be possible to capture the highly excited states before the excitation energy is redistributed. Rydberg fingerprint
spectroscopy3 is one technique where highly excited electronic states, typically Rydberg states, are populated in the
initial part of the laser pulse and then one-photon ionised in the later part of the pulse4. Due to the similarity of the
Rydberg state and the residual ion, vibrational energy is conserved in the ionisation step resulting in clear, well-defined
peaks in the photoelectron spectrum (PES). We have successfully used this technique in combination with angularresolved photoelectron spectroscopy to study SAMOs of C60 and C70. The additional dimension provided by the
photoelectron angular distributions (PADs) allowed us to identify the symmetry of some of the states, since this
information is carried away with the outgoing photoelectron. The powerful combination of fs Rydberg fingerprint
spectroscopy and PADs that we report can provide information about excited electronic states of complex molecules in
the gas phase that cannot be obtained readily with other methods.
The experimental setup consisted of a Ti:Sapph laser producing 800 nm, 120 fs laser pulses. Two TOPAS noncollinear optical parametric amplifiers were used with the possibility to either produce 20 – 40 fs (490 – 1020 nm) laser
pulses or bandwidth-limited ps pulses (475 – 2600 nm). Gas-phase fullerenes were produced in a resistively heated
oven (500 °C) and ionised inside a vacuum chamber where the photofragments were analysed with a velocity-map
imaging spectrometer (for measuring PADs) and a linear time-of-flight mass spectrometer.
Strong peaks in the PES for both C60 and C70 showed simple PADs that could be fitted to a model used to describe
single-photon ionisation of a randomly oriented target. The PAD for the strongest peak detected showed an anisotropy
value close to 2, which was independent of electron kinetic energy, allowing us to assign this peak as the 3s state.
Another peak, although of weaker intensity, also had an approximately constant anisotropy value close to 2 which, in
combination with DFT1 and Hartree-Fock5 calculations, allowed us to assign this peak as the 4s state. The difference in
binding energy between the other peaks compared to calculations allowed us to assign the 3p and 3d states as well. The
striking similarity between C60 and C70 further supports the SAMO hypothesis.

Abstract. We have used angular-resolved photoelectron spectroscopy to characterise the superatom molecular orbitals (SAMOs) of
gas-phase fullerenes, which are hydrogen-like orbitals centred on the hollow core of the carbon cage. The SAMOs were excited
using fs/ps laser pulses of varying wavelengths. Experimental binding energies in comparison with DFT and Hartree-Fock
calculations, and the measured photoelectron angular distributions, allowed us to clearly assign several of the SAMOs.

J. Olof Johansson, Gordon G. Henderson and Eleanor E.B. Campbell
EaStCHEM School of Chemistry, University of Edinburgh, Edinburgh, UK

Identifying hydrogen-like molecular orbitals in free
fullerenes
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Fig. 1. Femtosecond vibrational dynamic of β-carotene recorded by FSRS.

Femtosecond Stimulated Raman Spectroscopy (FSRS) is a new promising spectroscopic tool for investigation of
molecular vibrations with the femtosecond resolution complementary to the ultrafast IR spectroscopy. Due to the
relatively high demands for the pulse intensities and experimental difficulties the field went through couple of years of
“lag phase” when only very few groups enjoyed the development of the approach. Recent advent of high power
femtosecond amplifiers and recognized potential of the method resulted in quick expansion of the field form prove of
the principle experiments to a valuable tool. Apart from all benefits associated with Raman spectroscopy, such as the
possibility of resonance enhancement or working at experimentally convenient wavelengths, it also yields several orders
of magnitude higher signal in comparison with spontaneous Raman scattering. FSRS not only allows one to investigate
the molecular vibrations with femtosecond time resolution but due to the changes in the selection rules of the excited
molecules it allows examination of their electronic state dynamics through their Raman signatures that often display
more specific fingerprints than broad electronic absorption bands. The price to pay for all these benefits originates in the
coherent nature of the process which is associated with disadvantages not known to steady state Raman spectroscopy.
Though FSRS in principle breaks the standard time-bandwidth limitation of ultrafast spectroscopy (ΔτΔE ~ h) it is
associated with complex coherent artefacts. Both their theoretical and experimental investigation is just in its
beginnings. If the method should bring all the power it is capable to supply a deeper understanding of the process is
required and new experimental approaches have to be developed. I will demonstrate few of our innovative approaches
to the FSRS experiment, namely the “Wave Length Modulated FSRS” and “High Gain FSRS” together with results
from application of those methods to investigation of ultrafast vibrational dynamics of carotenoids.

Abstract.

Miroslav Kloz,1 Rienk van Grondelle,1 John T.M. Kennis1
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Fig. 1. a) Ground state (not pumped) Fe(CO)5 RIXS map, b) difference RIXS map, c) delay scan from the pre-edge region at
incident energies of 706 eV to 708 eV showing a fast decay corresponding to dissociation.

a)

Upon irradiation with the UV pulses, metal carbonyl compounds lose one or more CO groups. In solution, only one CO
group is split off yielding Fe(CO)4 in a singlet ground state whereas in the gas phase, the Fe(CO)4 ground state is known
to be triplet and in addition more than one CO group can split off.1 Questions arise where, if at all, intersystem crossing
occurs, how the solvation takes place and what is the electronic structure of the product Fe(CO)4?
We developed an experimental set up which combines an in vacuum liquid jet with a soft x-ray emission
spectrometer to enable RIXS measurements from liquids. Our experiment was carried out at the Linac Coherent Light
Source (LCLS) to utilize very intense tuneable soft x-ray pulses with femtosecond duration as required for a
femtosecond RIXS experiment. The third harmonic of a Ti:sapphire laser at 266 nm was used to initiate the
photoreaction and the LCLS pulses were used to probe the system after defined time delays. RIXS spectra were
recorded at the iron L3-edge for incident photon energies of 703 eV to 715 eV.
The RIXS map of the ground state of Fe(CO)5 shows the most intense peak at an incident photon energy of
711.5 eV and at an energy loss of 5 eV. We assign this peak to a metal to ligand charge transfer (MLCT) state which is
populated directly upon pumping with 266 nm. This peak has a shoulder at incident photon energy of 709.6 eV and an
energy loss of 3.5 eV corresponding to a ligand field (LF) excited state. Peaks at higher energy loss values are related to
doubly excited states and excited states involving deeper lying orbitals. The difference RIXS map shows two regions
affected by pumping: first, the 711.5 eV absorption resonance intensity is decreased and secondly in incident energy
range from 706 eV to 710 eV intensity is increased at loss energies smaller than 5 eV. These observations match with
RASSCF calculations showing relative decreases of intensity of the Fe(CO) 4 MLCT states and shifting of the XAS
onset towards lower energies. Delay scans at incident energies of 706-707 eV show a resolution limited rise fallowing a
subpicosecond decay. This ultrafast process can only be related to dissociation of Fe(CO)5 probed via direct observation
of relaxation in LF states upon removal of one CO group.

Abstract. The photodissociation reaction of Fe(CO)5 solvated in ethanol was investigated in a pump-probe experiment with 300 fs
time resolution. After 266 nm laser excitation the dissociation reaction Fe(CO)5 → Fe(CO)4 + CO was characterized by
investigating the valence electronic structure. Resonant inelastic x-ray scattering (RIXS) and restricted active space self-consistent
field (RASSCF) calculations enabled us to characterize low-lying excitations of parent Fe(CO)5 molecules and Fe(CO)4
photoproducts.
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Fig1 a)Transient infrared spectrum of (1-CAT) recorded 1 ns after the photoexcitation (black squares) compared to (1-SQ) and (1CAT)calculated difference infrared spectrum (red). b)Transient infrared spectrum of (1-CAT) recorded 1 ns after the photoexcitation
(black squares) compared to (2-SQ) and (1-CAT) experimental difference infrared spectrum (red).

The elucidation of excited state dynamics of transition metal complexes is extremely important in the framework of
their potential application as photocatalysts or photosensitizers. Iron(II)-polypyridine complexes are one of the most
investigated subject according to their relation with the spin crossover behaviour experienced by some members of this
class of compounds and their possible utilization in achieving solar energy conversion. On the other hand, Molecules
that demonstrate intramolecular electron transfer accompanied by a single-site spin crossover are termed valence
tautomers. An appealing situation is encountered when the redox moieties are different, a situation found in cobaltdioxolene complexes undergoing valence tautomerism (VT). The phototriggered processes occur with a well-defined
mechanism that couples the electronic ground state of the chromophore to the electronic excited states. The practical
application of this phototriggered event is, however, intrinsically related to the whole duration of the photophysical
processes (internal conversion, intersystem crossing and vibrational relaxation) involved in the relaxation of the
perturbed chromophore. Here we present a transient infrared study (on the femtosecond time scale) on an Iron(II)polypyridine complex of formula [Fe(pmh)3]2+ (where pmh= 2-pyridyl methyl hydrazone ) to obtain information on the
time evolution of the photoexcited system. These complexes are often characterised by a singlet electronic ground state
corresponding to a low spin configuration t2g6 of the metal ion. It is known that the excitation of the first charge transfer
band (MLCT in character) induces the population on the high spin quintet excited ligand field state (t2g4eg2), the ground
state being fully recovered on the nanosecond time scale.1 Amongst the series of cobalt complexes
[Co(Mentpa(diox)]PF6 (diox=3,5-di-tert-butyl-1,2 dioxolene; tpa=tris(2-pyridylmethyl)amine) the Me0 and Me3 are
investigated by ultrafast transient infrared spectroscopy. For Me0, the
stable form has catecholate (CAT) charge distribution of the dioxolene
moiety, whereas the incorporation of three CH3 groups in the ancillary
ligand (tpa) results in the stabilization of the semiquinonate (SQ) form
as the ground state at room temperature. The first part of the work is
dedicated to the identification of the spectroscopic features of the SQ
and Cat tautomers by means of DFT frequency calculation, so that they
can be distinguished from each other in the time-resolved optical
experiment. Photo-excitation of [CoIII(Me0tpa)Cat]+ results in the
ultrafast population of a long lived excited state. The comparison of 1
ns transient infrared spectrum with the calculated difference spectrum
and with the (Me3 - Me0) difference spectrum allows us to
unequivocally identify the long lived excited state as
([CoII(Me0tpa)SQ]+)*.

Abstract.Transient Infrared spectroscopy, on femtosecond time scale, has been used to study the relaxation dynamics in some
Iron(II)-pyridyl and Cobalt(III)-dioxolene metal complexes.
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Fig. 1. (a) The pentamer structure of the Tb-MscL channel in side view (left) and top view (right). (b) Three MD
simulation systems with different gating states (closed, intermediate and open).

We find that the structures of the closed and the open states of the mycobacterium tuberculosis MS channel of large
conductance (Tb-MscL) as determined by coarse-grained MD simulations4 can be distinguished by linear dichroism
infrared (LDIR) spectroscopy, however, the traditional Fourier transform IR (FTIR) spectroscopy is inadequate for this
purpose. Because LDIR measures the difference between the parallel and the perpendicular absorptions along the light
polarized direction of the applied laser field, it is sensitive to the orientation of the amide I transition dipole, which is
mainly parallel with the transmembrane helices. During the opening process, the tilt angles of transmembrane helix
increase. Therefore, the LDIR spectrum intensity of the open state is much lower than that of the closed and
intermediate states. In addition, two-dimensional IR (2DIR) spectroscopy is capable of distinguishing different gating
states reflected in differences in the spectral diagonal linewidth. In the open state, the diagonal peak is more extended
along the diagonal than that of the closed and the intermediate states. This is attributed to the fact that the amide I
transition dipoles are more aligned in the closed and intermediate states than in the open state. The excitonic
delocalization of the amide I vibration also affects the 2DIR lineshape.

Recent studies have demonstrated that infrared (IR) spectroscopies are able to probe the processes at the molecular
scale, and distinguish different molecular structures and local surrounding environments.3 Here, we investigate to what
extent the IR spectroscopy may be used to obtain structural information of MS channels by combining molecular
dynamics (MD) simulation and IR spectrum modeling. We expect that the IR spectra of MS channels can be used to
interpret the gating mechanism involving protein structural change, solvent exposure, and/or membrane/protein
interaction.

Mechanosensitive (MS) channels are a specialised class of membrane protein, which respond to the varying surface
tension on the cell membrane. Once the inner pressure of the cell grows, they start to gate by opening a pore in the
channel center.1 This mechanism rapidly reduces the inner pressure and ultimately prevents the cell from lysis. During
the opening process, MS channels undergo large conformational change, where a large pore is formed by tilting and
sliding of the transmembrane helices existing in the open state.2

Abstract. We report the simulated infrared spectra of a mechanosensitive (MS) channel in different states, which will be useful for
understanding the gating mechanism and determining the involved structures. Linear dichroism infrared spectroscopy is sensitive to
the orientation of the transmembrane helices, which is changing during the opening process. Two-dimensional infrared spectroscopy
is sensitive to the transition dipole orientation and the excitonic delocalization of the amide I vibration along the transmembrane
helices. Combining with a photo-triggering method, infrared spectroscopy holds a promise to reveal kinetic and structural
information of MS channels during gating process.

Theory of Condensed Matter Group, Zernike Institute for Advanced Materials, University of Groningen, the
Netherlands
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Predicting the Infrared Spectra of a Mechanosensitive
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these micelles behaves differently in spheres than in tubes.

were verified with small-angle neutron scattering. Preliminary results (see Figure B) show that water on the surface of

reorientational dynamics of water in reverse micelles of tubular and spherical shape, and different sizes. The geometries

femtosecond time-resolved vibrational spectroscopy on the OD-stretch mode of HDO:H2O to investigate the

appeared that by simply changing the solvent the micelle have either a spherical or cylindrical shape. We use

of water. The structures, spheres and tubes, were resolved with small-angle neutron scattering (see Figure A). It

spherical geometries[1,2]. Here, we investigate the effect of the shape of the nanometer-sized volume on the dynamics

from bulk water. The effect of nano-confinement on the structure and dynamics of water has been studied previously for

in the channels of protein pumps. These nanometer-size pockets of water have been found to behave very differently

Abstract. In the living cell, water is often found in nano-confined spaces, for instance between lipid membranes or
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Water dynamics in reverse-micellar nanotubes
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Figure 1: 2D-IR spectra of 2-Pyrrolidinone in CCl4 at waiting time 200fs.
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So far the method is mostly applied to a small spectral region. We developed 2D-IR spectrometer both in
boxcar and pump-probe geometry[3] and automated it, so that it is capable of taking 2D-IR spectra in any
desired spectral range in mid-IR with a time resolution of approximately 100fs. Recently we studied 2Pyrrolidinone molecule and its hydrogen bonded network in a broad spectral region[4] using pump-probe
geometry. The broad band spectra describe the coupling of different vibrational bands which are spectrally
far from each other and unfold a lot of underlying physical and chemical processes. A sample spectra is
presented in figure (1).

Abstract: A major part of the biological activities are involved with rotational isomerization[1] and intraand inter- molecular hydrogen bonding. Due to the low potential barrier these processes typically occur on
a picosecond timescale[2]. These ultrafast processes cannot be observed directly by linear spectroscopy
or by using two dimensional (2D) nuclear magnetic resonance (NMR) chemical exchange spectroscopy
(EXSY) which can resolve only millisecond time scales. The newly developed ultrafast two dimensional
infrared (2DIR) spectroscopy, which has essentially sufficient time resolution to resolve large molecular
motions, is expected to contribute significantly towards this goal. The structural information is typically
present in terms of the position, strength, and shape of the off-diagonal cross-peaks in the 2D spectrum.
These are directly related to the anharmonic vibrational structure of the molecule.
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Generation of broad band 2D-IR Spectra using Pump-probe geometry
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Fig. 1. Transient absorption spectra recorded at different time delays after 400 nm excitation of Pe-Pr-Pe in acetonitrile (GS:
ground state depletion, SE: stimulated emission, LES: local S1-state absorption).

GS

Pe

.-

Photoinduced symmetry breaking (SB) charge separation (CS) occurs when a chromophore is surrounded by two (or
more) identical electron donors or acceptors, but it can also happen between two identical molecular units. SB CS is one
of the key steps of photosynthesis. Although the photosynthetic reaction center shows remarkable symmetry with the
pigments arranged in two branches, electron transfer occurs only along the so-called active branch. This preferential
direction of CS has been ascribed to the asymmetry brought about by the protein environment2,3.
In order to find out whether photoexcitation can be at the origin of SB we have studied a bridged perylene-perylene
system (Pe-Pr-Pe). Clear evidence of SB CS between two Pe units was obtained from transient absorption
measurements (TA), which exhibit the parallel built up of Pe cation and anion bands. Using polarization sensitive TA
we have been able to determine the direction of the charge flow. We found that both directions, i.e. from and towards
the excited Pe unit, are operative and that their associated rate constants differ by less than a factor 2.
Two-dimensional (2D) electronic spectroscopy permits more detailed insight into the interactions and dynamics of
multichromophre systems. We will present 2D electronic spectra of Pe-Pr-Pe obtained from heterodyne-detected photon
echo measurements. Moreover, we will discuss the reason for the absence of a preferred CS direction in Pe-Pr-Pe and
the conditions where a preferred direction could possibly be observed.

Abstract. We present investigations into the photoinduced symmetry-breaking charge separation in 1,3-bis(3-perylenyl)propane (PePr-Pe), a bichromophoric dyad with which we could unambiguously determine the charge separation direction, that is, whether
photoinduced electron or hole transfer is taking place.
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Transition metal carbonyl complexes are important species in chemical research and in industry where they and their
derivatives have a wide range of uses. However they exhibit a rich depth of photochemistry which is not so well
understood, where state of the art multiconfigurational methods are needed for theoretical sudy of such photochemistry.
It has been shown that binary metal carbonyl complexes dissociate on an ultrafast timescale after photoexcitation, with
the vibrationally hot initial photoproduct relaxing through one or more Jahn-Teller conical intersections1,2.
We present our efforts to theoretically model this inital relaxation process through study of the electronic spectrum,
potential energy surfaces and quatum dynamics of one such bitmetalic, Mn2(CO)10 for both metal-metal and metalligand bond dissociation pathways.

Russell G. McKinlay,1 Martin J. Paterson,1
1
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The Jahn-Teller effect in the ultrafast photochemistry of
bimetallic transition metal carbonyl, Mn2(CO)10

The main focus of our ultrafast studies is the vibrational dynamics of gas-phase molecules in ele
excited states. This requires sufficient energy resolution for vibrational sensitivity in both the excitation an
schemes, as well as adequate time resolution to probe the various stages of the dynamics. An optimum balan
time- and energy- resolution is achieved using 1 ps pulses from an amplified Ti:Sapph laser system (C
combination with two OPAs (TOPAS). This provides two independently-tunable UV pulses (235 to 300 nm w
~100 μJ energy, ~13 cm-1 bandwidth) for initial excitation and time-delayed ionisation of our molecular ta
ionisation, resulting photoelectrons are detected using a 2-D velocity-map imaging (VMI) spectromete
photoelectron energy resolution of ~33 cm-1 is achieved by careful selection of the probe wavelength. Re
using picosecond time resolved photoelectron spectroscopy, including studies that that reveal the
intramolecular vibrational redistribution (IVR) in substituted benzenes, are compared with that which
typically expect when using a femtosecond laser system. The superior energy resolution that is afforded by th
bandwidth of a picosecond pulse allows dynamics to be deduced that would otherwise remain hidden.
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Fig. 1. (a) Chemical structure of the truxene-cored molecule and (b) the anisotropy decay at different excitation wavelengths.

The results show that with excitation further on the red side of the absorption peak there is less of the ultrafast
exciton motion between the arms of the molecule. A possible explanation is that the femtosecond energy transfer is from
a vibrationally hot state.

Ultrafast depolarisation at different pump wavelengths shows a two exponential decay with a 500 fs and a longer 510 ps component – see Fig 1(b). The percentage of the fast initial decay is dependent upon the excitation energy exciting at 380 nm causes a greater amount of ultrafast depolarisation than at 420 nm.

Conjugated fluorene based molecules are an important family of materials for organic optoelectronic devices such as
organic light emitting diodes and lasers. One sub-class of these materials are star-shaped molecules in which fluorene
oligomers are attached to a central core. These have the advantage of having high photoluminescence quantum yields,
high oscillator strengths and well-defined structures meaning that they are ideal candidates for studying photophysical
properties[1] such as the energy transfer between the arms. The star-shaped structure of the molecules results in them
having C3 symmetry. In this work we studied two such families: one a truxene-cored molecule Fig 1(a) and the other a
benzene-cored moiety.

Abstract. Ultrafast fluorescence depolarisation is studied in star-shaped oligofluorene molecules to understand the energy
transfer between the arms of the molecules. Such energy transfer occurs on both femtosecond and picosecond time scales and shows
a strong dependence on the excitation wavelength.
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To investigate the performance of the azulene-azide donor-acceptor pair, we designed a model peptid (Aaa-Tyr-Asn-Aha-Gly)
containing azulene (incorporated as azulene-1-yl-acetic-acid at the n-terminal position) and azido-homo-alanine. In addition we
selected amino acids displaying characteristic protein marker modes, such as tyrosine, asparagine and glycine providing the cterminal carboxyl. We performed Vis-pump IR-probe experiments on the peptide, covering the range from 1200 cm-1 to 2120 cm-1.
While in the azulene-containing monomers the infrared signals reached their maximum within 2ps, we found for the peptide a
pronounced correlation between the through-bond distance of a vibrating group from the azulene chromophore and the time until the
IVR induced signal of this group becomes maximal. The IVR induced signal of the azide band of our “acceptor” azido-homo-alanine
is the dominating contribution at 9-10 ps. Even over a distance of four residues, it reaches a signal size comparable to the total amide
I intensity of the peptide. In the light of the presented results the application of the azulene-azide donor-acceptor pair for IVR studies
in proteins appears very promising.

A suitable “acceptor” chromophore in the infrared should have an absorption band nicely separated from the protein vibrations.
Ideally the chromophore is usable both in H2O and D2O. It needs to have decent oscillator strength and a narrow linewidth, that
translates into a large difference signal from anharmonic frequency shifts induced by IVR. We identified azido-homo-alanine as a
suitable candidate fulfilling those requirements.

A favourable vibrational energy “donor” for studying IVR should convert most of the energy of an absorbed photon into vibrational
energy as fast as possible to provide a sharp onset for IVR. At the same time, the donor should not produce any side effects caused
e.g. by isomerisation or proton transfer. Azulene is an excellent candidate in these respects, as the free azulene undergoes ultrafast
(sub-picosecond) internal conversion from S1 to S0 (violation of Kasha´s rule), thereby dumping basically the complete photon
energy into vibrations without persisting structural changes. Due to these favourable properties, azulene has been already used for
studies of IVR e.g. in hydrocarbon chains [4]. As potential donors for application in peptides and proteins, we investigated -(1azulenyl)-alanine, azulene-1-yl-acetic-acid and azulene-1-yl-formic-acid. Internal conversion after excitation at 600 nm is found to
occur on similarly fast timescales as for free azulene. All chromophors are found to have excellent photostability.

Here we present a study on a donor-acceptor pair consisting
of an azulene chromophore as a “donor”, that can be
excited at 600 nm and injects vibrational energy into the peptide or protein investigated. An azide chromophore is serving as an
“acceptor”, which can be monitored at 2100 cm-1 to track IVR in the system. These labels are shown to combine a set of very
favourable properties for the study of IVR in biological macromolecules. Co-translational incorporation of each of the labels into
proteins has been demonstrated in the form of -(1-azulenyl)-L-alanine and L-azido-homo-alanine [2,3].

azulene-1-yl-acetic-acid, AHA = azido-homo-alanine)

Abstract. Vibrational energy flow in biological macromolecules can be nicely studied by ultrafast pump-probe spectroscopy, given
that suitable chromophors for injecting and tracking energy flow are present. Here, we present a new donor-acceptor pair of
artificial amino acids, -(1-azulenyl)-alanine and azidohomoalanine, which can be incorporated into proteins co-translationally and
may be utilized for the investigation of energy flow in the vast majority of proteins that do not contain suitable chromophors
themselves.
Vibrational energy flow, or IVR, and its role for the
function of biomolecular systems continues to be a field of
major interest. Recent improvements in time resolved
infrared spectroscopy allowed for measurements of IVR in
model peptides, an infrared or visible chromophore was
excited and vibrational transitions where used to follow
IVR over the molecule in great detail [1]. Extending this
approach to proteins has additional requirements, such as
the need for site directed introduction of suitable infrared
and visible chromophors, high oscillator strength to keep
protein concentrations in reasonable limits while
maintaining workable signal sizes, as well as excellent
spectral separation of the chromophors from the absorption
bands of the protein. A promising way to position
Fig 1: The studied peptide (AAA-Tyr-Asn-AHA-Gly) with chromophors exactly already during the expression of the
measured times for vibrational energy transfer, (AAA = protein is the use of artificial amino acids that carry the
chromophors as their side chain.
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Fig. 1 Dynamic hole-burning experiments of β-lactam CO of Penicillin in DMSO-d6,
experimental spectra on the left, simulated ones on the right.

A complete characterization by 2D-IR spectroscopy of Penicillin is shown in this work. Vibrational dynamics from
broadband experiments and the analysis of vibrational couplings and spectral diffusion from narrowband experiments
provides a consistent picture of the structural dynamics. The excitonic model by Hochstrasser 1 has been applied to the
spectra to extract coupling constants and angles between transition moments of the CO’s. Results are compared to abinitio and Hessian Matrix Reconstruction calculations; spectral diffusion is analyzed by means of a fitting algorithm for
bi-dimensional spectra2.

Abstract. One of the hardest task in the spectroscopic characterization of small peptides in solution is to isolate each single
conformation due to their flexibility in terms of dihedral angles (Φ, Ψ). Beta-lactam systems, such as Penicillin G, represent a good
model to investigate 2D-IR behaviour of amide transitions because of their reduced flexibility.
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Fig. 1. Left: 532 nm-pump- C-H-BB-SF probe3 as a function of Pyridine coverage on Cu(110) at 100 K. Right: USP spectra for
pyridine (submonolayer coverage) and bare Cu(110) at 135 K. The STS-detected excited state is depicted4.

Most time resolved investigations of the coupling between electrons and adsorbate vibrations have been carried out on
CO or NO where only have a small number of vibrational modes are available for coupling to excited electrons1.
Pyridine has been used as a model system to understand the interaction of organic molecules with metal surfaces, since
it can interact through the delocalized ! system or via the N lone pair. More recently, there has been an interest in using
substituted pyridines to tune the work function of self-assembled monolayer on electrodes in order to optimise charge
carrier transfer across the interface2.
Broadband Sum Frequency Generation (BB-SFG) is a non invasive surface science technique, where the IR-induced
polarisation is up-converted by a near-IR pulse and detected in the visible region. The non-resonant response of the
copper surface is strongly enhanced on pyridine adsorption due to a resonance of the outgoing sum frequency photon
with an electronic resonance in the pyridine/Cu(110) band structure. When the surface is excited by a pump pulse (1.55
or 2.33 eV) we find that pump pulses reduce the intensity of the pyridine C-H stretch but do not change the frequency or
linewidth. The pump pulses also strongly reduce the non-resonant response of the copper surface on a timescale of 400
fs. Due to the low work function of the surface both 1.55 and 2.33 eV pump pulses can excite electrons above the
vacuum level, where they either form a pyridine anion (!*) or a dipole-bound electron with a long-lifetime (400 fs). In
the excited state, the sum frequency process is no longer resonant, which reduces the the C-H and nonresonant intensity
simultaneously. Upon deexcitation the pyridine layer disorders and due to the low base temperature the disorder relaxes
on a 40 ps timescale.

Abstract. We have investigated the charge transfer between pyridine and a single-crystalline copper surface Cu(110). A pyridine
monolayer reduces the copper work function to 1.45 eV; under these circumstances, the C-H stretch of the pyridine is detected by
broadband sum frequency generation and pumped by either 1.55 or 2.33 eV pulses. The transient response is dominated by two time
scales, dependent on pump energy, polarisation and photon energy, as well as pyridine coverage. We associate the fast response with
ultrafast charge transfer from copper to pyridine and the slow response with disorder caused by the deexcitation step.

Natalia Garcia Rey1 and Heike Arnolds1
1
Surface Science Research Centre, Dept. of Chemistry, University of Liverpool, Liverpool, UK

Ultrafast Charge Transfer: Pyridine on Cu(110)

14-16 December 2011, Glasgow, UK

ucp 2011 programme.indd 57

57

06/12/2011 09:41

4

3

2

1

H. Ihee, V. A. Lobastov, U. M. Gomez, B. M. Goodson, R. Srinivasan, C.-Y. Ruan and A. H. Zewail, Science, 2001, 291, 458.
R. J. D. Miller, R. Ernstorfer, M. Harb, M. Gao, C. T. Hebeisen, H. Jean-Ruel, C. Lu, G. Moriena and G. Sciaini, Acta Cryst. A,
2010, 66, 137.
T. Laarmann, I. Shchatsinin, A. Stalmashonak, M. Boyle, N. Zhavoronkov, J. Handt, R. Shmidt, C. P. Schultz and I. V. Hertel,
Phys. Rev. Lett., 2007, 98, 058302.
Image taken from http://www.suite101.com/view_image.cfm/799781 on 27/09/11.

References

Fig. 1. The structure of C60.4

Edinburgh has a long history of performing gas electron diffraction experiments on interesting inorganic compounds –
the only problem was that the data collected were time averaged. While, for example, the structures could be
determined for starting materials or products in chemical reactions, nothing could be said about intermediate states.
Now we are in the process of moving into the time-resolved domain. There are a number of challenges that must be
overcome in order to perform ultrafast electron diffraction experiments on gas-phase samples, not least the velocity
mismatch problem of electrons and photons. However, in the past few years many of these issues have been tackled by
groups including Zewail at Caltech1 and Miller at Toronto and now at Hamburg,2 opening the way for such
experiments.
We will use a 100 keV DC electron gun based around a gold-film photocathode. When irradiated by the kHz pulsed
light from the third harmonic of an 800 nm Ti:Sapphire laser, bunches of electrons will be produced capable of subpicosecond time-resolved diffraction. The apparatus will also use a pulsed supersonic nozzle, producing a vibrationally
cold molecular beam. Pump-probe experiments will be performed using the same laser to induce the structural changes
of interest in the gas-phase sample. The diffracted electrons will be imaged using a phosphor screen and CCD camera,
and the diffraction images will be interpreted using years of expertise gained working on time-averaged studies. By
varying the delay time of the pump laser, we will be able to build up a moving picture of the molecules over time.
As well as showing the current of our design, we will describe some theoretical investigations that have been
undertaken in preparation for the first experimental images to be recorded in 2012. These include a study of the
vibrational “breathing” mode of buckminsterfullerene,3 C60, (see Fig. 1), where the molecule symmetrically expands
and contracts upon excitation. This is particularly suitable for electron diffraction because of the very large changes in
structure observed. Modelling of the diffraction pattern both before and after excitation show significant differences.
Furthermore, a time-averaged electron diffraction structure of C60 exists, suggesting that the process of getting sufficient
number density in the gas phase is not such a problem.
Collaboration is a very important to the group and we would be interested to hear of any potential candidates for
study using time-resolved gas electron diffraction. Please speak to any of us if you have an interesting chemical
problem we could help to solve!

Abstract. The award on an EPSRC Career Acceleration Fellowship to Derek Wann has allowed us to begin to design and build an
ultrafast electron diffraction apparatus in Edinburgh. Based on the compact electron gun design of the Miller group, we hope to
achieve sub-picosecond time resolution and picometre spatial resolution for gas-phase samples. This poster describes some of the
design challenges and subjects we plan to study. The ultimate aim of this work is to produce “molecular movies” of reaction
mechanisms.
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Fig. 1. The central structures of the six sub-ensembles identified in the MD simulation.

In the past decades, in the field of spectroscopy, there have been a plenty of advancements for investigating structures
and dynamics of complex biomolecules and understanding their functions. For examples, the crystal structures of
proteins are determined with X-ray crystallography, whereas Nuclear Magnetic Resonance (NMR) spectroscopy is a
great tool to resolve conformational changes on microseconds and longer time scales. Linear infra-red (IR) and twodimensional infra-red (2D IR) spectroscopy are sensitive to the hydrogen bonding structures and dynamics, which help
tracking structural changes on nanoseconds down to femtoseconds.
Here, in particular, we examine the possibility to use 2D IR for structure determination of elastin like biopolymers.
Elastin is a rubber like protein with flexible backbone found in connective tissue, which helps to resume the shape of
the tissue after mechanical deformation because of its elastic property. Elastin and elastin like peptides (ELP) are
amorphous and their conformational changes occur on sub-nanosecond time scale. Therefore, with traditional X-ray
crystallography and NMR spectroscopy it is not possible to resolve the structural heterogeneity of ELP. In this
situation, 2D IR is an ideal tool for such systems.
Recently, the configuration space of an ELP (GVGVPGVG) is explored with molecular dynamics (MD) simulation1 .
From the MD trajectories we have identified six dominating structurally distinct sub-ensembles (see Fig. 1) which are
stable for hundreds of picoseconds. The simulated spectra for these sub-ensembles are weighted with their populations
in the MD simulation, and then summed up to compare with experimental spectra. We find a reasonably good
agreement between simulated and experimental spectra for different isotope labeled amide I sites. Hence, the existence
of these sub-ensembles in reality is confirmed. We also correct their populations by fitting the simulated 2D spectra to
the experimental observations. The success of the structure determination of this ELP leads to the promising direction
for studying more complex proteins and other biopolymers.

Abstract. Determining the structure and sub-nanosecond dynamics of complex biopolymers, such as proteins and DNA, is a great
challenge. Here, we combine two-dimensional (2D) infrared spectroscopy and molecular dynamics (MD) simulations to do that. We
explore the configuration space of the elastin repeat unit, a biopolymer that is amorphous, durable and has a flexible backbone with
elastic properties. From MD, we identify six structurally distinct subensembles with sub-nanosecond stability. By comparing the
simulated 2D spectra for these sub-ensembles to experiments, we confirm their actual existence. This promising method to resolve
structures and dynamics in complex systems also may be used for other biopolymers.
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Fig. 1. H-type aggregate of P3HT 1.
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Fig. 2. 2D electronic spectrum of the total absorptive signal of P3HT film at population time T=100 fs (left) and the time
evolution of the signal at the indicated positions (right panel). Excitation pulse FWHM is 15 fs.

Two-dimensional electronic (2DE) spectroscopy has been developed recently and is capable of revealing correlations
between optical transitions that occur in different time intervals. The 2DE spectrum of the absorptive part of the total
signal in a P3HT film recorded with 15 fs pulsed excitation is shown in Figure 2. The positive diagonal peak centred at
the diagonal around 2 eV represents superposition of ground state bleaching and stimulated emission. The negative
signal of photoinduced absorption (PA) is observed below the diagonal in the detection energy range between 1.85 and
1.9 eV. We observe correlated oscillations of the diagonal, off-diagonal and the PA peaks (right panel) which are
attributed to underdamped vibrational wavepacket motion in the ground electronic state. The 23 fs period of oscillations
corresponds to aromatic carbon-carbon bond stretch. The results indicate harmonic nature of these high frequency
modes in P3HT and weak coupling to other vibrations and lattice phonons.

P3HT films are known to form H-type aggregates and excited states can be
described as excitonic bands of eigenstates which are delocalised between
conjugated chains as well as along the chains (Figure 1)1. Energy transfer
and charge carrier generation can occur simultaneously with intra-band
exciton relaxation and localisation due to coupling to polymer vibrations and
lattice phonons and involves complex interactions between electronic and
vibrational degrees of freedom.

Semiconducting polymers show good potential for development of large area solar cells. Among them, semi-crystalline
poly(3-hexylthiophene) (P3HT) shows high photovoltaic conversion efficiency in blends with electron acceptors but has
limited coverage of the solar spectrum. It is desirable to understand the charge carrier generation and transport
mechanisms in P3HT to develop similar materials but with better spectral coverage.

Abstract. We use 2D electronic spectroscopy to study excitation dynamics in films of a conjugated polymer P3HT at room
temperature. The amplitude of the absorptive signal shows oscillations with a 1440 cm-1 frequency which survive up to 1 ps and are
attributed to vibrational wavepacket motion in the hot ground state. The results indicate harmonic nature of the carbon-carbon
stretch modes in P3HT and weak coupling to the environment in films.
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Fig. 1. (a) Reaction scheme of the UV photolysis. (b) Transient absorption detection of the radical and the cation

Benzhydryl cations and radicals are prime candidates for a microscopic understanding of SN1 reactions in solution [1].
Both species are highly reactive and are found on the nanosecond time scale after UV excitation of the precursor
diphenylmethyl chloride (DPMC). We performed transient absorption measurements on DPMC to unravel the bond
cleavage process and the subsequent stabilization to the final benzhydryl radical and cation. The spectra of the precursor
and the products are well separated and the dynamics can be recorded with 40 fs time resolution in two-colour and
broadband measurements in a thin cuvette or a free-flowing liquid jet.
We find the appearance of the radical signal at 330 nm to be delayed by about 80 fs with respect to the optical
excitation. Similarly, the onset of the cation signal at 435 nm shows up at a delay of 125 fs. Ab-initio calculations show
that this non-rate behaviour is due to the wavepacket motion in the Franck-Condon region and its subsequent evolution
along the dissociation coordinate through conical intersections [2]. Cation and radical generation occur via two distinct
conical intersections leading to different onset times for the product signal. The optical signal at the spectral position of
the equilibrated radical develops with a quasi-exponential rise time of 290 fs and that of the cation with 360 fs. First
principles molecular dynamics simulations show that this rise can be assigned to the planarization of the photoproducts
after the bond cleavage, the accompanying evolution of electronic states and the associated increase in oscillator
strength. Again, not a statistical rate model describes the dynamics, but a ballistic motion.
The bond cleavage predominantly generates radical pairs. Since the ion pair is energetically more favourable in
polar solvents like acetonitrile, a subsequent electron transfer (ET) reaction transforms the radical pair into an ion pair.
The inter-radical distance distribution and the distance dependence the ET dynamics is strongly non-exponential. The
results are analyzed by a combined model of distance dependent Marcus type ET and Smoluchowski type diffusion,
incorporating solvent structure and hydrodynamic effects in a mean field theory of through solvent ET. The analysis of
the product band peak shifts gives experimental access to the temporal shift of the mean distance distribution of the
radical and ion pairs.
The generated benzhydryl cations are highly electrophilic and can react extremely fast with strong nucleophiles. We
overcome the diffusion limit by the use of alcohols as nucleophilic solvents which form ethers upon reaction with the
cation. The directly observed intrinsic reaction rate can be changed significantly by variation of the alcohol and the
phenyl substituents of the cation. Reaction times are observed from 400 ps down to 2.6 ps for the most reactive educts.
The shortest reaction times are as fast as the rotational relaxation times of alcohols. We conclude that the reaction
occurs as a SN1-type reaction with a properly positioned molecule of the first solvation shell. The combination of time
resolved experiment and ab-initio dynamics renders the first complete description on the atomistic level of the prototype
SN1 reaction.

Abstract. For benzhydryl chloride compounds we observe that photolysis predominantly leads to radical pairs. The typically
observed cations are formed by subsequent electron transfer. The bimolecular reaction of the cation in neat alcohols to yield the
ether can then occur with a time constant as short as 2.6 ps.
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Fig. 1. S-A dyad and D-S-A triad for which CSSs are formed and decay with ps timescales to lower lying triplet states.

The process of photoinduced charge transfer is fundamental to the development of an artificial photosynthetic system.
The underlying events of photosynthesis comprise the formation of a local charge separated state (CSS) in a
chromophore followed by a cascade of electron transfer steps to generate a reactive electron / hole pair. Stabilisation of
charge separation and the prevention of back electron transfer are predominant challenges in this area of research. 1
Transition metal donor-spacer-acceptor (D-S-A) molecular triads have previously proven to be an effective design
motif in which a photoinduced CSS can be attained. The use of Platinum (II) containing spacers is particularly attractive
owing to the square planar coordination environment around the metal centre. This geometry provides synthetic
versatility for the specific attachment of ligands and allows for control over the directionality of photoinduced electron
transfer.
Recent work has focused on the complexation of ethynyl containing donor and acceptor groups to Pt(II), where the
geometry at the metal centre is trans. The development of these assemblies is inspired by recent reports of a series of DS-A short chain oligomers found to efficiently produce a CSS.2
Specifically, naphthalimide and naphthalene diimide ligands have been employed as electron accepting groups, in
conjunction with an acetylide fragment containing the well known electron donor phenothiazine (PTZ). A sequential
stepwise approach to synthesis has been adopted, allowing for full control over ligand substitution and coordination
geometry.
The photophysics of these systems have been studied using picosecond Time Resolved Infrared and transient
absorption spectroscopy, nanosecond flash photolysis and emission spectroscopy. Results for the S-A dyad and D-S-A
triad complexes indicate the formation of a CSS which decays with a lifetime of ~ 200 ps and 15 ps respectively to a
lower lying triplet state. The interplay between the charge separated excited state and ligand localised triplet states will
be discussed. The photophysics of these complexes will also be compared to the related Pt(II) diimine complexes
bearing similar acetylide donor ligands, and similar imide acceptor ligands.

Abstract. The creation and stabilisation of a charge separated state (CSS) is fundamental to the development of an artificial
photosynthetic system. These states are formed as a result of electron transfer cascades in extended molecular assemblies. This work
applies a combination of ultrafast methods - transient absorption, time-resolved infrared, and 2DIR spectroscopy - to follow electron
transfer dynamics in cascade systems based on Pt(II) chromophoric centres, and to resolve a complete photophysical picture of the
excited state processes in these systems.

2

Department of Chemistry, University of Sheffield, Sheffield, S3 7HF, UK.
Rutherford Appleton Laboratory, Research Complex at Harwell, STFC, UK.
E-mail: dtp10md@sheffield.ac.uk; julia.weinstein@sheffield.ac.uk

1

Paul A. Scattergood,1 Milan Delor,1 Igor V. Sazanovich,1 Stuart Archer,1 Michael Towrie,2
and Julia A. Weinstein* 1

Photoinduced Charge Separation In Trans Acetylide Pt (II)
Donor-Spacer-Acceptor Assemblies, studied by transient
absorption and time-resolved infrared spectroscopy.

1
2
3

F Frassetto et al, Optics Express Optics Express 19 19169 (2011)
WA Bryan et al, submitted to New J Phys (2011).
JC Petersen et al, accepted for publication in Phys Rev Lett, (2011)

References

The short pulses of coherent XUV radiation produced through high harmonic generation can be used to track
electron dynamics on femtosecond timescales. With XUV pulses, single-photon ionisation of core or inner valence
electrons occurs even at low intensities, enabling XUV probing of ultrafast changes. The Artemis facility aims to exploit
XUV pulses to investigate ultrafast dynamics in experiments in atomic, molecular and condensed phase targets.
The monochromatised XUV beamline at Artemis offers a unique combination of capabilities for pump-probe
experiments with laser and XUV pulses. The core of the facility is a 12 mJ, 1 kHz, 30 fs laser amplifier with carrierenvelope phase control. A hollow-fibre compressor produces 0.5 mJ, 8 fs pulses, while an OPA system produces 30 fs
pulses from 240 nm to 20 microns. Any of these pulses can then either be used to generate XUV, or used directly as
pump or probe. The widely tuneable pump wavelength enables a wide variety of excitations to be driven. XUV pulses
are generated by high harmonic generation in a gas jet, and then passed through a time-preserving monochromator
which outputs narrow-bandwidth radiation tuneable from 10 eV to 100 eV. This novel monochromator uses a single
grating in conical illumination and has high transmission (up to 30%). The XUV beam, of up to 10 10 XUV photon s-1, is
then focused by a grazing incidence toroidal mirror onto the sample in the end-station. Artemis is equipped with endstations for both gas-phase and condensed matter experiments.
Measurements of the duration of the XUV pulses, through an XUV-pump-IR probe measurement of krypton ion
yields, show that a 28 fs IR pulse resulted in a 24 fs XUV pulse at the exit of the monochromator 1. The same
measurement has also allowed us to map out the relative cross-sections of highly-excited states in Kr+, using the
monochromator to tune to different harmonic orders and scan across the satellite states, while maintaining a sub-30 fs
pulselength2.
Artemis is now equipped with a velocity-map imaging detector for gas-phase experiments, which can measure the
momentum of electrons with kinetic energies of up to 200 eV. We have carried out initial UV pump-XUV probe
photoelectron spectroscopy experiments in organic molecules. The UV pulse initiates changes in the electron structure,
which can then be probed with XUV pulses. The high XUV photon energy allows electrons from core and inner valence
shells to be studied, so that the population in all electronic states of the molecule can be retrieved.
For experiments on condensed phase targets, we use the technique of time- and angle-resolved photoemission. The
UHV materials science chamber includes a hemispherical electron analyser, which allows the momentum distribution of
photoelectrons ejected by the XUV probe pulse to be measured. The high XUV photon energy allows a much broader
region of phase space to be illuminated.
Our first experiments focused on the layered material tantalum disulphide (TaS2). A short infrared laser pulse
induced a phase transition from a Mott insulator to a metal, and then XUV pulses recorded a sequence of snapshots of
the electronic structure. TaS2 exhibits a ‘charge density wave’ – a regular variation in electron density across the layers
of atoms – which makes the atoms settle into star-shaped patterns. Charge density waves are normally related to
interactions between electrons and the crystal structure, while Mott insulators are instead produced by interactions
between the electrons themselves. The experiment found that, contrary to expectations, the charge density wave and
Mott-insulating states ‘melted’ simultaneously, suggesting a novel mechanism for charge density waves in this material.
The data also revealed a structural relaxation which followed the electronic phase transition, but moving slightly
more slowly. This result is particularly interesting because it is the first time that multiple timescales for different
electronic or structural changes have been observed in one material in a single measurement. This was only possible
because of the improved time resolution and higher photon energy in the Artemis beamline. The technique looks to be a
promising route to disentangling the complex behaviour of exotic materials.

Abstract. The short pulses of coherent XUV radiation produced through high harmonic generation can be used to track electron
dynamics on femtosecond timescales. With XUV pulses, single-photon ionisation of core or inner valence electrons occurs even at
low intensities, enabling XUV probing of ultrafast changes. A variety of experiments on the Artemis facility show how XUV pulses
can probe electron dynamics in complex solid materials and in gas-phase atoms and molecules.
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Since the dipole moment of most molecules changes significantly upon electronic excitation, the solvent shell
around the excited molecule in solution will rearrange itself to reach the energetically most favourable position
according to the new dipole moment. This reorganization can be monitored by recording the emission spectra shortly
after excitation, as they show a time-dependent red-shift (Stokes-shift) corresponding to the stabilization of the solvated
excited molecule.3,4 The time that is needed to reach the equilibrium structure of the solvated excited molecule and
hence to complete the fluorescence shift is directly related to the mobility of the solvent molecules and therefore to the
structure of the microenvironment of the solvated molecule.
To determine the solvation dynamics of ferulic acid in bulk aqueous phase and at the micellar interface, we recorded
time-dependent fluorescence spectra (λfluo = 350 – 580 nm) after excitation with λexc = 320 nm using a fs time-resolved
Kerr-gating setup. Comparing the time-dependent peak shift, that is to say the solvation correlation functions, a
deceleration of the solvation dynamics of FA in micellar environment compared to FA in aqueous solution is clearly
observable. We assign this difference to the fast reorientation of the water molecules around the excited molecule,
which is sterically hindered at the micellar surface.
In addition, calculations at the TD-DFT level of theory were performed to determine the nature of the first two
absorption bands observed in the spectrum of FA. The obvious huge change in the dipole moment from the ground to
the first excited state (6.84 vs. 10.75 D) explains nicely the necessity of a solvent rearrangement thus leading to the
observed solvation dynamics. The involved molecular orbitals for the first three excited states could be assigned as
follows: S1 corresponds to a HOMO → LUMO excitation and therefore to a ππ* state. The HOMO-2 → LUMO
transition conforms with S2 and a nπ* state, and S3 is allocated to the HOMO-1 → LUMO transition, which is again a
ππ* state. After geometry optimization in the excited state, the orbital order changes. Most importantly, S2 now lies
lower than S1. This implies that the initially excited bright ππ* state rapidly deactivates into a dark nπ* state, explaining
the very short fluorescence lifetime. The occurrence of the fluorescence decay and the solvation dynamics on a similar
time scale presents specific challenges for the data analysis, which are discussed in the talk.

Fig. 1. Chemical structure of ferulic acid (FA, left) and cetyltrimethylammonium bromide (CTAB, right).

Emulsions as the stabilized form of otherwise immiscible liquids play a major role in, e.g., pharmaceutical
formulations and food. In food, lipids occur mostly as oil-in-water (o/w) emulsions and are stabilized by surface active
molecules, so-called emulsifiers, which induce special o/w interface properties. However, unsaturated fatty acids are
prone to radical oxidation. This process can be prevented by adding antioxidants, which act as radical catchers by being
oxidized themselves. The location and mobility of the antioxidant molecule and its surrounding solvation shell within
the emulsion system affect its sensitivity towards oxygen significantly.1
The natural antioxidant ferulic acid (FA, see Figure 1) is located directly at the interface of an o/w emulsion
stabilised by the emulsifier cetyltrimethylammonium bromide (CTAB, see Figure 1), which was observed by 1H-NMR
spectroscopy.2 Because the microenvironment of the interface (the so-called palisade layer) of CTAB micelles and
CTAB stabilized emulsion droplets is very similar, it is possible to model the o/w interface by CTAB micelles.

Abstract. The solvation dynamics of the anti-oxidant ferulic acid (FA) in bulk aqueous phase and in the palisade layer of CTAB
micelles were investigated by means of femtosecond time-resolved broadband fluorescence spectroscopy. Transient fluorescence
spectra show a clear time-dependent Stokes shift, which is directly related to the solvation dynamics. Calculations at the TD-DFT
level of theory were performed to determine the properties of the involved excited states. They allowed us to attribute the short
fluorescence lifetime of FA to an excited-state deactivation pathway involving the rapid transition from the initially excited bright
ππ*-state to an optically dark nπ*-state.
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Fig. 1. Ground state equilibrium geometry of the theoretical model system phenylmethylphenylphosphonium cation (PM–PH2Ph+,
left). Potential energy curves for the C-P bond cleavage along the ground state minimum energy path in PM–PH2Ph+ (right).

Benzhydrylphosphonium cations (DPM–PR3+) are known as one of the most effective precursors in polar as well as
non-polar solvents for photo-produced benzhydryl cations1, which are carbocationic key intermediates in SN1 reactions.
Furthermore they are used as reference nucleophiles in a quantitative electrophilicity scale2. With a combined
theoretical and experimental investigation we elucidate the mechanism of the initial ultrafast bond cleavage process of
DPM–PPh3+. The calculations are performed for a model system with only two phenyl rings (PM–PH2Ph+) shown in
figure 1 (left). It is designed to preserve the main properties of the large system, still allowing the use of highly
correlated quantum chemical methods.
Contrary to other diphenylmethane derivatives3 excitation to the first excited state S1 (π-π*-transition) occurs in the
phenyl ring of the phosphonium group (fig. 1), which is the leaving group. The second excited state S2 mainly
corresponds to a π-π*-transition localized on the benzyl group. Only the third excited state S3 induces the charge
exchange between the π*-orbitals of the phenyl rings and the σ*-orbital of the C-P bond. Its influence is activated
during bond elongation and finally leads to bond cleavage of the C-P bond.
Ultrafast broadband transient absorption measurements4 of DPM–PPh3+ and DPM–PMePh2+ show similar dynamics,
supporting an identical mechanism for both, the complete and the reduced system. Further support comes from theory
showing similar potential energy curves of PM–PH2Ph+ and DPM–PMePh2+ in the Franck-Condon region. Therefore it
is legitimate to transfer the theoretical results of the reduced model system to DPM–PPh3+. The rise of the cation signal
after 10–20 ps indicates the expected bond cleavage. The theoretically predicted initial radical formation on the subpicosecond timescale is not yet confirmed due to the overlay of several transient signals.
One way to almost completely circumvent the explicit formation of a transient radical signal could be offered by
conical intersections connecting the different product channels. We were able to optimize a conical intersection between
the ground and the first excited state. In order to reach this conical intersection during the bond cleavage process, an
angular deformation is necessary where the phosphonium group is bent towards the phenylmethyl group.

Abstract. Carbocations are omnipresent intermediates in organic chemistry as well as biochemistry. Photoinduced bond cleavage of
arylmethylphosphonium cations offers a convenient way to generate arylmethyl cations. We present a combined theoretical and
experimental study of the ultrafast photochemical bond cleavage of benzhydrylphosphonium cations. On the one hand highly
correlated quantum chemical methods give insights into the mechanism of optical excitation and subsequent charge exchange which
finally leads to bond cleavage of the C-P bond. On the other hand the product formation on the sub-picosecond to nanosecond
timescale is monitored using ultrafast broadband transient absorption spectroscopy.
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We have developed techniques to manipulate cold molecular beams by means of strong inhomogeneous electric fields
in the gas phase. The manipulation is achieved by electric deflectors, the analog of the Stern Gerlach deflector and the
electrostatic bender for charged particles. The deflector enables to spatially disperse the molecules in cold molecular
beams according to their quantum states. So far the separation of individual conformers [1], the separation of specific
molecular cluster sizes from coexpansions of water and larger molecules, and the separation of individual quantum
states of smaller molecules clusters from their parent molecules have been achieved. Additionally, a separation with
respect to rotational states of molecules has been accomplished [2, 3, 4].
The state selected molecules are oriented by a combination of strong laser fields and static electric fields. The laser
pulses for orientation are provided by a kHz “femtosecond” Ti:Sapphire laser system. The laser pulse length can be
varied continuously between 50fs and 500ps. This allows manipulation of the rotational degrees of freedom of the
molecules non-adiabatically as well as adiabatically. In addition the system enables us to study at the transition between
adiabatic and non-adiabatic alignment and orientation. Pulse shaping techniques will be implemented to optimize the
degree of alignment and orientation. A circularly polarized femtosecond laser is used to ionize the molecules. The
velocity distribution of ions and electrons is detected via a velocity map imaging spectrometer. We obtain direct insight
into the highest occupied molecular orbital from molecular-frame photoelectron angular distributions [5]. The whole
experiment operates at 1kHz repetition rate, which allows us to investigate weak processes.
The state selected oriented ensembles serve as ideal samples to study ultrafast chemistry in the molecular frame.
The studies will include investigations on rearrangement processes of the internal structure of large molecules. Internal
energy conversion in molecules as well as ultrafast dissociation processes of water clusters will be studied in future.

Abstract. We are setting up a new experiment to study ultrafast molecular dynamics directly in the molecular frame. Supersonic
beams of cold, large and complex molecules will be quantum state selected and, successively, strongly aligned and oriented by a
combination of static electric and strong laser fields. An additional ultrashort laser pulse will initiate a rearrangement of the
chemical structure of the molecules. Successively, the molecular-frame photoelectron angular distribution of the highest occupied
molecular orbitals will be detected to study molecular dynamics during this rearrangement process.
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Fig. 1. (Left) OKE data for propylammonium nitrate from 200 K to 338 K showing the appearance of a power-law decay at lower
temperature. (Right) Comparison of the OKE relaxation time constant for EAN with the dielectric relaxation time constant and the
viscosity.
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The application of protic ionic liquids (PILs) as electrolytes for advanced fuel cells,1-3 in addition to a wide range of
potential applications including as acidic catalysts is currently a hot topic. Understanding the structural properties and
dynamics are crucial to the full realisation of such applications and there is increasing interest in the presence of
nanostructure in these and other room temperature ionic liquids.4 Femtosecond optical Kerr-effect (OKE) and dielectric
relaxation spectroscopies are both sensitive probes of the low-frequency diffusional and librational motions that are
characteristic of the intermolecular interactions.5,6 Here OKE is used to study Ethylammonium nitrate (EAN), the most
studied, prototypical, PIL and propylammonium nitrate (PAN). The results are compared to dielectric spectra (that cover
a range extended to 10 THz, by combining dielectric relaxation spectroscopy (DRS) with time-domain terahertz and
FTIR spectroscopies).7
For EAN and PAN the presence of nanoscale segregation is controversial. It has been suggested recently that
through hydrogen bonding a heterogeneous structure similar to that of water is present. Scattering measurements have
been interpreted as evidence of a disordered, locally smectic or sponge-like structure. The OKE and DR data exhibit
power-law intermediate range dynamics in common with typical glass-forming liquids and, while no direct indication of
large scale structure is evident, the activation energy of the α relaxation differs for the two techniques suggesting
nanoscale segregation.
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Fig. 1. (Left) Phase diagram proposed by Mishima and Stanley for the non-crystalline states of water. The putative second critical
point cp lies in the experimentally inaccessible region below the homogeneous nucleation temperature TH. (Right) OKE spectra for
water in the eutectic LiCl solution at room temperature and in the glassy state compared to neat water.
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Part of the weirdness of water is described by the anomalous way in which the thermodynamic properties
change with temperature. Mishima and Stanley suggested that a second critical point at ca. 220 K would be
consistent with these properties (Fig 1).1 This theory cannot easily be tested because the putative second
critical point lies in the region where water willl always spontaneously crystallise, i.e. in “no man’s land”.
One approach to studying this region is to add a salt to water to fom a low melting-point solution, e.g.,
eutectic LiCl solution.
Adding salts to water influences the viscosity and this behaviour can be used to classify salts as structuremakers or –breakers according to the presumed effect on the hydrogen bond network.2 The degree to which
bulk water can then be said to exist is an open question. Here we use ultrafast optical Kerr-effect (OKE),3
FTIR, and NMR techniques to examine these issues and show that nanopools of water containing a small
number of water molecules that can hydrogen bond to neighbouring water molecules. These nanopools
exhibit (and confirm) the complex terahertz spectra of bulk water and provide evidence for “worm-hole”
anomalous diffusion in the glassy state. (Fig. 1) Both OKE and NMR measurements of diffusion show
fractional Stokes-Einstein behaviour with a dynamic crossover at ca. 220 K.4
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Fig. 1. Probability of solvated electrons to escape geminate recombination as a function of the totally reduced product of the
dielectric constant ε and T: (□), (○) experimental data for ammoniated electrons along the 300 bar isobar, respectively 423 K
isotherm;7 for the comparison, (ê) hydrated electron data taken from Ref. [6]. The lines are calculated according to the Onsager
model8 for the specified ejection length r0: (-) ammoniated electrons and (···) hydrated electrons.

whereas in water two competing reaction channels complicate the interpretation.6 Our primary goal is to unravel the
influence of the structural, electronic and dynamic properties of the solvent on the photoionization process and the
recombination kinetics by covering a wide range of thermodynamic conditions extending from the compressed liquid at
cryogenic temperatures to dense vapours at supercritical conditions.

-

NH2 + eam˗ → NH2

However compared to hydrated electrons, solvated electrons in liquid ammonia offer a much simpler model system for
the investigation of the recombination kinetics. Their annihilation is restricted to a reaction with the NH2 radical,5

2 NH3 + n hν → eam˗ + NH2 + NH4+

In the recent decades, solvated electrons have attracted considerable experimental and theoretical interest, primarily as
probes for the investigation of elementary chemical dynamics occurring on the picosecond timescale or faster. The
focus of these studies was mainly on the properties of the solvated electron in liquid water, providing a characterization
of the hydrated electron unavailable for excess electrons in any other polar medium.1 However, it is obvious that the
chemical nature of the surrounding liquid will exhibit a complex influence on the properties of these species.2 Hence,
the investigation of other solvent systems can provide a deeper understanding of the underlying dynamics.
Although ammoniated electrons are the earliest known representatives of these prototypical examples of spin-centres in
the condensed phase, their dynamics are rather unexplored.3 In this work, we present the first experimental study of
ammoniated electrons generated by multi-photon ionization of condensed ammonia. In analogy to liquid water, the net
result of the photoexcitation process is described by the formation of solvated electrons eam˗ and the molecular
photolysis fragments NH2 and NH4+.4

Abstract. We report the first femtosecond laser study of the transient absorption of ammoniated electrons eam˗ generated by multiphoton ionization of condensed ammonia. The recombination kinetics of these species are observed over a wide temperature
(227 K ≤ T ≤ 489 K) and density (0.17 g/cm³ ≤ ρ ≤ 0.71 g/cm³) range. The geminate component of the reaction is completed within
less than 300 ps and surprisingly large escape probabilities of eam˗ are observed. We discuss our results in terms of the Onsager
theory of initial recombination between ion-pairs, which agrees quantitatively with our data. The average thermalization distance r0
of the ammoniated electron does not significantly depend on the temperature or the density of ammonia and is satisfactory explained
with the transient formation of excess electrons in the conduction band.
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Fig. 1. Possible reaction pathways for photodecarbonylation of DPCP.1
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To elucidate the photodecarbonylation of diphenylcyclopropenone (DPCP), we conducted UV/Vis and IR femtosecond
pump-probe experiments on DPCP and its photodecarbonylation product diphenylacetylene (DPA). We obtained
lifetimes of the initially excited DPA S2-state that are shorter than reported previously and show significant solvent
polarity dependence, i.e. 2.5±0.2 ps in acetonitrile and 5.1±0.5 ps in n-hexane.2 The lifetimes of the subsequently
populated DPA S1-state of 220±20 ps in acetonitrile and 200±20 ps in n-hexane match well with those reported by
others.2,3 The absolute intensity of DPA S1-state absorption at 1553 cm–1 of 130±20 km/mol was obtained by comparison
with the S0-state stationary spectrum.
For DPCP photodecarbonylation three possible reaction pathways (Fig.1) are suggested in the literature:
I.
Excited state surface adiabatic dissociation to the diphenylacetylene (DPA) S2-state.2,3
II.
Internal conversion and reaction from a hot electronic ground state.4
III.
Non-adiabatic dissociation from the DPCP S2-state to the DPA S0-state.5
The adiabatic path I is to be dismissed based on three reasons:
1. The observed most prominent S1-state absorption of DPA at 1553 cm–1 is by far smaller than to be expected from the
DPCP carbonyl bleach. Likewise, the near UV absorption of the DPA S2-state occurring in photolysis experiments of
DPCP is much smaller than to be expected. Observed excited states of DPA can be described by excitation of priorly
formed DPA by the trailing edge of the pump pulse.
2. Experiments with pump wavelengths covering the edges of the respective S2-state absorptions of DPA and DPCP
clearly showed that the DPA S1-state IR absorption band appears only due to direct excitation of DPA contamination and
that the IR transient absorption spectrum generated by DPCP excitation essentially is the same for DPCP S2- and S1-state
excitation.
3. Hot ground state DPA was observed at the 1498 cm-1 marker band immediately after the pump pulse. The intensity of
the absorption reaches its final plateau value not until after a few tens of picoseconds which can be explained by
decreased oscillator strengths as a result of vibrational excitation.
The hot ground state reaction pathway II can be ruled out as hot ground state absorptions of DPCP were not
observed in transient IR spectra at short time delays and calculations show that a reaction from the vibrationally excited
S0-state would be orders of magnitude too slow to account for DPA formation.
Therefore it appears that pathway III is the route by which decarbonylation takes place, i.e. a non-adiabatic process
starting in the DPCP S2-state and leading directly to DPA in its S0-state.

Abstract. A comparison of combined ultrafast IR and UV/Vis pump-probe measurements of diphenylcyclopropenone (DPCP) and its
photodecarbonylation product diphenylacetylene (DPA) provides clear evidence that the photodecarbonylation of DPCP following
excitation to its S 2-state proceeds non-adiabatically to the electronic ground state of DPA Observed transient absorption of
electronically excited DPA is caused exclusively by photoexcitation of ground state DPA generated by the preceding
photodecarbonylation of DCPC by the trailing edge of the pump pulse.
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decay goes along with a rise in the range of the triplet absorption.

Fig. 1. Schematic overview of the photophysical behaviour of thioxanthone (left), the molecular structures (lower middle), transient
absorption measurement of thioxanthone in methanol (right). The stimulated emission exhibits a bi-phasic decay. The ~10 ps decay is
due to the establishment of the 1ππ* ⇆ 3nπ* equilibrium. The ~2 ns decay is caused by the 3nπ* → 3ππ* transition. This

Thioxanthone and its derivatives are of ample importance in several fields, for example as photoinitiator and tripletsensitising agent. These applications rely on the population of the triplet state via intersystem crossing, therefore this
process is worth investigating.
For the closely related xanthone dissolved in protic solvents a bi-phasic fluorescence decay was reported. 1 This was
attributed to a rapidly established equilibrium between the primarily excited singlet ππ* state and an upper triplet state
of nπ* character (see figure 1). Due to the energetic proximity of the two states delayed fluorescence is possible.
Subsequently, the 3nπ* state decays to the lowest triplet state thereby terminating the fluorescence emission.
The proximity of the two states results in a 'chimeric' behaviour. The molecule can emit fluorescence and act as a triplet
energy donor. This very behaviour was also observed for thioxanthone in methanol. 2 Recent quantum chemical
calculations show that the 1ππ* and 3nπ* state are indeed isoenergetic, thus supporting this behaviour. 3 Quite
surprisingly for thioxanthone dissolved in aprotic solvents recent femtosecond experiments suggest a direct transition
from the 1ππ* state to the 3ππ* state.4 This has prompted us to look at the photophysics of thioxanthone in a broad
range of solvents by means of femtosecond transient absorption spectroscopy. Our preliminary results suggest that
intersystem crossing and establishing of the equilibrium occurs within ~ 10 ps in all solvents. The internal conversion
between the two triplets is strongly solvent dependent occurring within time constants ranging from 50 ps – 2 ns.
Temperature dependent experiments suggest that this process is activated.
Financial support from the Deutsche Forschungsgemeinschaft (project GI349/5-1) is gratefully acknowledged.

Abstract. The fluorescence quantum yield of thioxanthone strongly depends on the solvent. It approaches unity in protic solvents and
is orders of magnitudes smaller in non-polar ones. This can be related to the solvent affecting the energetic position of a triplet n π*
state. This state is populated during the decay of a primarily exited singlet ππ* state. Relying on femtosecond spectroscopy and
quantum chemistry we demonstrate that the solvent dependence of the fluorescence is mostly due to an effect on the decay of the
3
nπ* state and not as expected on its population kinetics.
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The mechanisms of the energy dissipation in the charge-transfer electronic excited state has been studied on the
example of several Pt(II) donor-acceptor complexes1 using ultrafast two-dimensional IR spectroscopy2 and relaxationassisted 2DIR spectroscopy3 in the electronic excited state, optically prepared by a ~120 fs UV pulse. A narrow-band
IR pump (12 - 15 cm-1, ~ 1.5 ps), and a broad band IR probe (~500 cm-1, ~50 fs) have been used to study the dynamics
in the range of 1200 – 2200 cm-1. The role of intramolecular vibrational energy pathways and those involving coupling
with the solvent modes have been considered. The recent findings concerning the dynamics of vibrational energy
redistribution in both ground and charge-separated excited states will be discussed.

Abstract. Photoinduced charge transfer is the fundamental process in chemistry and biochemistry, which is accompanied not only by
electron density redistribution but frequently also by considerable changes in molecular structure. The mechanisms by which
vibrational energy redistribution affects the rate of charge separation and charge recombination is still a matter of debate.
Two-dimensional infrared spectroscopy is a powerful tool which, in one of its variations used in the present work, utilises a
picosecond IR pump and a femtosecond IR probe pulse sequence to access vibrational energy propagation along the molecule. When
used in conjunction with a preceding UV pulse, IR pump-probe studies can be conducted in electronic excited states of the molecules
in question. A combined UV/2DIR studies can help approach the questions of vibrational energy redistribution in excited electronic
states. This presentation shows how this approach can be applied to the studies of charge-transfer excited states in particular, on the
example of donor-acceptor Pt(II) chromophores.
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Fig. 1. The inactive E-form can photoreversibly form the catalytically active Z-form via isomerzation of the azobenzene moiety. The
grey area symbolises the free electron pair forming the active site.
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catalyst, while reverse switching expels the H-bond donor from the binding site.

in its hydrogen-bonding interactions. Most notably, light activation induces hydrogen-bonding between donor and

vibrations of the system between 1000 cm-1 and 3700 cm-1 reflect photoisomerization of the catalyst as well as changes

ultrafast time-resolved infrared studies of the isomerization process in the presence of an H-bond donor. Changes in the

that shields the basic active site from solvent and interaction partners, for instance alcohols. Here, we report FTIR and

hydrogen-bonding affinity. The system’s catalytic activity is controlled by photoisomerization of its azobenzene moiety

The photoswitchable catalyst developed by Stoll et al. 1 allows light-induced change of the compound’s basicity and

Abstract. We report a study on an azobenzene-based catalyst having a reactivity that can be controlled by light. The underlying
mechanism consists of reversible shielding and unshielding of the active site by intramolecular rearrangements of the photoswitch.
An external hydrogen bond donor is used as a probe for the activity of the catalyst as it only binds to the unshielded active site. FTIR
and ultrafast infrared spectroscopies are used to study the structural dynamics of the catalyst itself and the surrounding solvation
shell formed by the hydrogen bond donor.
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Rearrangements of hydrogen-bonding interactions in the
solvation shell of a photoswitchable catalyst
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Fig. 1. Time-resolved 2D-SFG data for interfacial water at the water/air interface at zero delay time between pump and probe. The
right panel shows the static SFG spectrum. The 2D spectrum reveals an on-diagonal response with a slope smaller than one (dashed
line indicates slope of 1), expected for a heterogeneous surface. Off-diagonal peaks revealing energy transfer are highlighted by
dotted ovals. 1
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Water is very different from liquids of similar molecular weight and one of its unique properties is the very efficient
transfer of vibrational energy between molecules, which is on account of strong dipole-dipole interactions between the
O-H oscillators. While we have a sound understanding of such energy transfer in bulk water we know less about how
and how quickly transfer occurs at its interface with a hydrophobic phase because of the challenge of specifically
addressing the outermost monolayer.
In bulk water, energy flow mechanisms and dynamics have been quantified using femtosecond infrared laser
techniques. The O-H stretch vibrations of the water molecules were found to show rapid resonant (Förster) energy
transfer on a time scale <100 fs, largely as a result of the strong dipole-dipole interactions between the O-H oscillators.
The question that presents itself is: how do the local structural changes affect the mechanism and timescale of energy
flow at an aqueous interface? The challenge of characterizing the structure of the outermost surface molecules has been
met by sum frequency generation (SFG) spectroscopy of their O-H stretch vibrations. In an SFG experiment, infrared
and visible laser pulses are overlapped in space and time on the surface, and the sum-frequency of the two laser fields
can be generated, but only in the surface region. If the infrared light is resonant with the O-H stretch vibration of surface
water, this process is resonantly enhanced. Initial SFG studies, making use of the distinct correlation that exists between
the local hydrogen bonding strength and the O-H stretch vibrational frequency of an O-H group in a water molecule,
indicated that, in addition to the ‘free’ O-H groups pointing away from the surface, different types of hydrogen-bonded
interfacial water also exist and that the interfacial layer is limited to ~1 monolayer.
We evaluate interfacial energy flow dynamics, using surface-specific two-dimensional infrared sum-frequency
generation (2D-SFG) spectroscopy. This technique combines the unique capabilities of 2D-IR spectroscopy with the
surface specificity and (sub-) monolayer sensitivity of SFG spectroscopy. It enables new insights into energy transfer at
water interfaces by investigating the effect of widely tuneable (2100-3000 cm-1) excitation pulses of limited spectral
width (typically set at 100 cm-1) on the SFG response of interfacial water molecules. The 2D-IR SFG data reveal the
occurrence of surprisingly fast intra- and intermolecular energy transfer processes at aqueous interfaces. The results
show that energy transfer among OD stretching modes of water on the surface is rapid and efficient and that OD
excitations move both along the surface plane and down into the bulk. Such information on interfacial aqueous energy
flow patterns contribute to our understanding of chemistry at aqueous interfaces, as chemical reactions at aqueous
surfaces, be it on catalytic water interfaces, atmospheric chemistry or at cell membrane surfaces.

Abstract. We use ultrafast two-dimensional surface-specific vibrational spectroscopy to probe the interfacial energy dynamics of
heavy water (D2O) at the water-air interface. The measurements reveal the presence of surprisingly rapid energy transfer, both
between hydrogen-bonded interfacial water molecules (intermolecular), and between O-D groups sticking out from the water surface
and those located on the same molecule, pointing towards the water bulk (intramolecular). Vibrational energy transfer occurs on
sub-picosecond time scales and its rates and pathways can be quantified directly.
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Figure .2 Structure Formula of synthetic FAD radical form (Only the isoalloxazine ring is shown for
clarity) and its temperature dependence fluorescence emission spectra
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Figure .1 Structure Formula of oxidized FAD

The flavin molecule is one of the most important cofactors in enzymatic functions. Flavin adenine
dinucleotide (FAD) is the most commonly occurring flavins in flavoproteins. It consists of an
isoalloxaze ring with ribityl phosphate and adenine diphosphate, as shown in Fig. 1. Flavin can
have different redox states: Oxidized form, fully reduced hydroquinones: FADH-&FADH2 and
radical semiquinones: FADH&FAD-. Here we report our systematic studies of radiationless decay
in reduced flavins using ultrafast spectroscopy and temperature dependent fluorescence. Those
model results are essential inputs to help us analyze the flavin photokinetics in proteins and thus
advance the knowledge of BLUF (Blue Light Using FAD) domain proteins.
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Chromium (III) complexes have been investigated for many years, however apart from their absorption and
emission spectroscopy, many aspects of their photochemistry are still not very well understood (mainly due to the
complexity of these systems involving many close-lying open shell states with different spin multiplicities computational limitations). The reason why these complexes are so important is because of their properties and
potential applications, which include efficient generation of singlet oxygen – photodynamic therapy, catalysts for many
chemical reactions, quenchers for excited states of different organic and inorganic molecules, laser materials and many
more. Cr (III) open shell systems like [Cr(Ox)3]3- and Cr(tn)3 (where Ox stands for oxalate and tn stands for 1,3diaminopropane) were examined. The work concentrates on their open-shell spectroscopy using TD-DFT and EOMCCSD theories and on their reactive excited states and possible photochemical intermediates.

Fig. 1. These are some figures from some recent paper.1

In recent years there has been a vast increase in the importance of molecular modelling in photochemical
reactions. State-of-the-art multiconfigurational and theoretical spectroscopic methods have been used here to study such
photoinduced processes in some closed shell and open shell transition metal complexes.
The bis(8-quinolinyl)amide (BQA) closed shell pincer type platinum complex, (BQA)PtMe2I has been
experimentally found to undergo irreversible photostereochemical change from the meridian to the facial form. Using
time dependent density functional theory (TD-DFT) we have identified the electronic absorption as localised on the
pincer ligands. This drives the photochemical reaction to the fac-like excited state (changing the pyramidalisation of the
linking nitrogen atom). Complete active space self consistent field (CASSCF) calculations have been performed and a
conical intersection between the ground state and a locally excited (BQA) state have been found which allows system to
decay to the ground electronic state on the facial side of the reaction (Figure 1).
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