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Time Presenter Title Pg. 
Monday, January 22 
Dynamics at Interfaces / Solids 
14:10 Kay Waltar Reconstruction of effective THz fields for probing structural 

dynamics on metal catalyst surfaces 
4 

14:30 Johannes Haase Initiating a surface chemical reaction using low energy 
infrared laser excitations at catalytically relevant conditions 

5 

14:50 Fabian Schläpfer Attosecond carrier dynamics in gallium arsenide induced by 
intense resonant near-infrared laser pulses 

7 

15:10 Marine Bouduban Ultrafast interdomain charge- and energy transfer in 
mixed-cation, mixed-anion lead halide perovskites 

8 

 
Dynamics in Liquids 
16:00 Tran Trung Luu Extreme ultraviolet high-order harmonic generation in liquids 

 
9 

16:20 Peter Hamm 2D-IR Spectroscopy at its Best: Structure and Dynamics of 
Molecules Immobilized at Solid/Liquid Surfaces 

10 

 
16:40 Tomas Brage What does Gender have to do with Physics? 3 
 
Tuesday, January 23 
Tutorials    
8:30 Henrik Stapelfeldt Laser-induced alignment of molecules: Fundamentals, 

applications and new challenges 
2 

10:30 Todd Martinez 1: Ultrafast Excited State Dynamics from First Principles 2 
 
14:00 Christoph Bostedt Visualizing ultrafast dynamics in clusters and molecules 

with intense femtosecond x-ray pulses 
11 

 
Dynamics in Solids 
14:40 Sergii Parchenko Determination of ultrafast electron transfer in a Mott system 

studied by time resolved resonant inelastic x-ray scattering 
(RIXS) 

12 

 
Theory 
15:30 Jasmine Desmond 2D IR spectroscopy of Insulin: a combined experimental-

computational study 
13 

15:50  Tomislav Begusic On-the-fly ab initio semiclassical evaluation of continuous-
wave, time-resolved, and two dimensional electronic spectra 
of polyatomic molecules beyond the Condon approximation 

14 

16:10 Jeremy 
Richardson 

Simulation of coupled electron-nuclear reactions in the 
condensed phase 

15 

 
16:40 Claus Ascheron Book proposal, working title “Ultrafast Science Techniques” 3 
 
Wednesday, January 24 
Tutorials    
8:30 Henrik Stapelfeldt Laser-induced alignment of molecules: Fundamentals, 

applications and new challenges 
2 

10:30 Todd Martinez 2: Making First Principles Molecular Dynamics Ultrafast 2 
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Tutorial Speakers 
 

Henrik Stapelfeldt, Department of Chemistry, Aarhus University, Denmark 

 

Laser-induced alignment of molecules: Fundamentals, applications and new 
challenges 

Moderately intense laser pulses can confine the principal axes of molecules to axes that are fixed in 
space – a process termed laser-induced alignment. Laser-induced alignment has been explored and 
developed extensively over the past 15-20 years and used in a range of applications in physics and 
chemistry. 

I will explain the basic principles and methods of laser-induced alignment and orientation, and 
account for the current state-of-the-art including adiabatic and nonadiabatic alignment, 3-dimensional 
alignment of asymmetric top molecules, rotational wave packet dynamics, and mixed-field orientation 
by the combination of a strong laser pulse and a weak static electric field. 

A few selected applications will be presented including femtosecond time-resolved imaging of chiral 
molecules. Finally, I will show how laser-induced alignment can be extended from isolated molecules 
to molecules embedded in helium nanodroplets thereby opening new opportunities such as controlling 
and exploring large molecules or molecular clusters and investigating superfluidity in a finite size 
system. 

 
 
 

Todd Martinez, Ehrsam and Franklin Professor of Chemistry, Department of Chemistry, Stanford 
University, USA 

 

Tutorial 1: Ultrafast Excited State Dynamics from First Principles 

In this tutorial, we discuss recent advances in nonadiabatic dynamics with “on the fly” determined 
potential energy surfaces and nonadiabatic couplings. We present numerous examples ranging from 
small molecules to solvated chromophores and proteins.  

 

Tutorial 2: Making First Principles Molecular Dynamics Ultrafast 

In this tutorial, we discuss recent advances aimed at enabling first principles molecular dynamics for 
long times and/or large molecules. We argue that the electronic structure problem is much simpler 
than researchers have often thought. Specifically, there is much less information in both the electronic 
wavefunction and the Hamiltonian operator than one would infer from the number of wavefunction 
coefficients and two-electron integrals. We show how this can be exploited in numerous ways, 
enabling routine first principles dynamics for molecules that were once intractable even for stationary 
studies. 
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Invited Speakers 
 

 Tomas Brage, Department of Physics, University of Lund, Sweden 

What does Gender have to do with Physics? 

Physics is often seen, by Physicists not the least, as an objective Science and we believe we are 
surrounded by a “culture without culture”. At the same time our history, class- and board rooms are 
dominated by men. This is a clear paradox that should awaken the curiosity of anyone. In this talk I 
will give some examples on how you can approach the question on “what does gender have to do 
with Physics”. There have been several studies of Physicists and I will combine a discussion of these 
with some general theory and personal experiences, to paint a picture on how gender transgress 
Physics, like all other fields. By using the three levels of change introduced by Schiebinger, I refer to 
studies of e.g. Anthropologists and Psychologists. The bias against women, due to the fact that 
Physics is stereotypically male, combined with the “myth of meritocracy” could be one key to 
understand the lack of women in the field. The talk is intended as a translation of results from recent 
progress in Gender Science to an audience of non-experts in the field, especially people within 
STEM-fields. The aim is to give some answers to the question in the title, but also to show that this is 
an extremely interesting and active research field. 

 

Professor Brage obtained his PhD in Atomic Physics in 1988 and has since then had positions as a 
Research Assistant Professor in Computer Science at Vanderbilt University between 1989 and 1993, 
and Research Associate at the NASA Goddard Space Flight Center, working on the Goddard High 
Resolution Spectroscopy mission on the Hubble Space Telescope, from 1994 to 1996. He is now a 
Professor of Physics at the Division of Mathematical Physics of the Department of Physics in Lund 
University, where he has been active with teaching and research for twenty years. His main interests 
are Laboratory Astrophysics and Computational Atomic Physics, and has published around 100 
articles in refereed journals. He is a visiting researcher at the Fudan University in Shanghai in China, 
where he spends a few months each year at the Key Laboratory for Ion Traps.  

During the last 10-15 years he has been strongly involved in Gender and Science, where he is active 
in several European networks, e.g. as a steering group member for the workgroup for Gender of the 
League of European Research Universities (LERU) network, as well as the expert group of the SAGE 
and GENERA Horizon 2020 projects. He has led several projects at Lund, e.g. the Gender 
Certification project, the Antidiscrimination education and the Core-Value project. He has received the 
Gunilla Jarlbro award for important contributions for equal opportunities in the academia. 

  

Claus Ascheron, Springer Science+Business Media, Senior Editor Physics, Heidelberg, Germany 

Book proposal with the working title “Ultrafast Science Techniques” 

The goal is to generate a book by MUST members (Professors, Senior Scientist and Postdocs) with a 
selection of hot topics in Ultrafast Science Techniques such as RABBIT, FROG, CRAB, etc. The 
experts will write tutorial chapters with step-by-step derivations and clear "how-to-do-it" guidelines 
for typical techniques used in MUST labs. Thomas Feurer and Ursula Keller will be the initial editors 
to select topics.  

 



Reconstruction of effective THz fields for probing structural dynamics on metal 
catalyst surfaces 

K. Waltar1, J. Haase2, T. Golz3, P. Rui3, E. Zapolnova3, N. Stojanovic3, Saša Bajt3, 
J. van Bokhoven2,4, J. Osterwalder1, M. Hengsberger1 and L. Castiglioni1 
1Department of Physics, University of Zurich, 8057 Zurich, Switzerland 
2Laboratory for Catalysis and Sustainable Chemistry, Paul Scherrer Institute, 5232 Villigen-PSI, 
Switzerland 
3Deutsches Elektronen-Synchrotron, Notkestraße 85, 22607 Hamburg, Germany 
4Institute for Chemical and Bioengineering, ETH Zurich, 8057 Zurich, Switzerland 

E-mail: waltar@physik.uzh.ch 

Rational catalyst design requires detailed microscopic understanding of the chemical 
dynamics [1]. Elementary reaction steps take place on pico- and femtosecond timescales. 
Important low-frequency vibrational modes responsible for the molecule-substrate interaction 
lie in the THz range [2]. Intense THz radiation can thus be used to resonantly excite an 
ensemble of adsorbate molecules into a coherent motion [3]. X-ray photoelectron diffraction 
(XPD) is a good tool to follow the structural dynamics of such motion owing to the large 
scattering cross-section of electrons and the high temporal resolution that is only limited by 
the pulsed light source [4,5]. The character of the exciting electric field in close proximity to 
the adsorbates controls amplitude and orientation of the respective vibrational modes. It is 
therefore highly desirable to have the means to reconstruct this electric field directly at the 
catalyst surface. In the present study we investigate the temporal behaviour of the electric 
field on Pt(111) thin film samples that are exposed to few-cycle, low-frequency THz radiation 
(1.5-2 THz). THz-pump/XUV-probe experiments were performed at the free electron laser 
facility FLASH at DESY (Hamburg). XUV-emitted photoelectrons were subject to streaking 
by a strong THz pulse, i. e. a momentum gain proportional to the instantaneous vector 
potential of the THz field. Our 2D electron analyzer, capable of probing both kinetic energy 
and emission angle of the photoelectrons, allowed us to follow the change in electron 
momentum distribution at different delays between THz and XUV pulses (Fig 1. (a)). 
A representative complete delay trace obtained on a Pt(111) thin film sample is depicted in 
Fig 1. (b). The components parallel and perpendicular to the surface lead to distinct changes 
in the momentum distribution and enable us to reconstruct the amplitude and phase of the 
effective THz field (Fig 1. (c)). Interestingly, there is nearly no screening of the parallel field 
component (Ex) on the Pt thin film as opposed to the bulk crystal surface.   

References 

1) I. Groot et al., Chem. Soc. Rev. 46, 4347, (2017).
2) G. Witte, Surface Science 502- 503, (2002).
3) M. Greif et al., Struct Dyn. 2, 035102, (2015).
4) J. Osterwalder, Surface Analysis by Auger and X-Ray Photoelectron Spectroscopy, 557 ff, (2003).
5) M.Greif et al., Phys. Rev. B 94, 054309 (2016).

Fig. 1: (a) Photoelectron momentum distribution on 2D electron analyzer at different delay positions. (b) Angle-
integrated THz streaking trace of the Pt(111) thin film valence band. (c) Reconstructed parallel (Ex) and 
perpendicular (Ez) components of the THz pulse at a Pt(111) thin film and Pt(111) bulk surface. 
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Initiating	a	surface	chemical	reaction	using	low	energy	infrared	laser	excitations	at	catalytically	
relevant	conditions	

J.	Haase1,	H.	Sigg2,	B.	D.	Patterson3,	T.	Feurer4,	and	J.	A.	van	Bokhoven1,5	

1Laboratory	for	Catalysis	and	Sustainable	Chemistry,	Paul	Scherrer	Institute,	5232	Villigen	PSI,	Switzerland	
2Laboratory	for	Micro	and	Nanotechnology,	Paul	Scherrer	Institute,	5232	Villigen	PSI,	Switzerland	
3SwissFEL,	Paul	Scherrer	Institute,	5232	Villigen	PSI,	Switzerland	
4Institute	of	Applied	Physics,	Laser	Physics,	University	of	Bern,	3012	Bern,	Switzerland	
5Institute	for	Chemical	and	Bioengineering,	ETH	Zurich,	8093	Zürich,	Switzerland	

Previously,	 our	
research	 was	
focused	 towards	
the	 controlled	
initiation	 of	 a	
chemical	 reaction	
on	 the	 molecular	
level	 for	 studying	
femto-chemistry	
in	 particular	 with	
x-rays	 [1].	 In	 con-
trast,	here	a	study	
of	 an	 indirect	

excitation	with	an	ultra-fast	transfer	of	thermal	ener-
gy	 is	 presented.	 This	 approach	 is	 found	 to	 give	 a	
more	 realistic	 image	 of	 the	 real-world,	 in	 particular	
for	 catalytic	 systems	where	multitudes	 of	 processes	
interplay	with	different	times	constants.		

To	 study	 active	 catalytic	 particles,	 at	 ambient	 pres-
sure	and	 temperature,	 the	 surface	of	 a	 calcium	 fluo-
ride	prism	is	prepared	with	a	layer	of	self-assembled	
platinum	nanoparticles	with	diameter	of	about	5	nm.	
Catalytic	activation	is	achieved	after	reduction	of	the	
oxide	 and	 its	 decoration	 with	 a	 carbon	 monoxide	
layer	in	a	flush	of	a	5%	mixture	of	carbon	monoxide	
in	nitrogen	at	150	°C.		

Upon	 excitation	 of	 the	 system	 with	 an	 ultrashort	
laser	pulse	at	wavelength	of	1380	nm,	we	measure	an	
ultrafast	 transient	bleaching	of	 the	 fundamental	car-
bon	 monoxide	 stretch	 frequency	 (a-top	 configura-
tion)	centered	at	2045	cm-1.		

The	time	evolution	of	the	transient	absorption	signal	
could	 be	 accurately	 parametrized	 by	 an	 effective	
adsorbate	 temperature	 Ta	 obtained	 from	 mapping	
the	 transient	 signals	 to	 the	 differential	 absorption	
derived	 from	 linear	 FTIR	 transmission	 measure-
ments	 taken	 at	 different	 temperatures	 in	 the	 same	
experimental	 configuration.	 This	 equilibrium-like	
response	we	attribute	to	a	 fast	 thermalization	of	 the	
adsorbed	CO	molecules	via	 frictional	coupling	 to	 the	
phonons	in	the	metal.	The	equilibration	of	the	energy	
from	 the	 laser	 excitation	 to	 the	 hot	 electrons,	 and	
then	to	the	phonons	and	further	to	the	adsorbate	we	
describe	 with	 a	 modified	 “two-temperature	 model”	
as	introduced	by	Anisimov	et	al.	[2].	Material	param-
eters	 such	 as	heat	 capacities	 and	phonon	 “coupling”	
were	 taken	 from	 literature.	 The	 coupling	 to	 the	 ad-

sorbates,	 i.e.	 the	CO	molecules,	with	 temperature	Ta,	
is	described	via	the	empirical	friction	model	[3].	

We	obtain,	see	Fig.	2,	that	the	adsorbate	temperature	
is	 delayed	 to	 the	 phonon	 temperature	 by	 only	 ap-
proximately	300	fs.	This	ultrafast	coupling	hints	at	a	
resonant-like	 coupling	 of	 discrete	 acoustic	 phonon	
modes	 in	 the	platinum	nanoparticles	 to	 the	 low	 fre-
quency	 adsorbate	 vibrations.	 As	mechanism	 for	 this	
fast	thermalization,	we	propose	a	thermal	expansion	
of	 the	 nanoparticle	 exciting	 a	 discrete	 acoustic	 pho-
non	mode,	 i.e.	 the	breathing	mode,	where	 the	entire	
particle	 expands	 and	 contracts	 as	 depicted	 in	 Fig.	 2	
(b).	 According	 to	 the	 Lamb	 theory	 these	 breathing	
modes	have	Eigenfrequencies	that	coincide	with	low	
frequency	vibrations	of	the	CO	on	platinum,	as	shown	
in	Fig.	2	(a).	The	fast	cooling	of	the	nanoparticles	with	
a	time	constant	of	8	ps	reflects	the	favorite	surface	to	
volume	ration	in	our	system.	

Our	final	experiment	establishes	that	a	catalytic	reac-
tion	is	 initiated	at	 low	excitation	fluxes,	by	detecting	
the	reaction	product	of	CO2,	via	a	mass	spectrometer	
connected	to	the	outlet	of	the	gas	cell.	For	this	exper-
iment,	 the	platinum	nanoparticles	were	excited	by	a	
collimated	 laser	 beam	 at	 a	 wavelength	 of	 800	 nm,	
driven	 at	 similar	 pulse	 duration	 as	 for	 the	 infrared	
excitation	as	well	the	same	repetition	rate	and	a	simi-
lar	flux	of	approximately	10	W/cm2.	As	shown	in	Fig.	
3,	we	seemingly	can	compensate	for	the	lack	of	exci-
tation	energy	by	raising	the	background	temperature	
to	180	K.	

In	 conclusion,	 we	 identified	 the	 energy	 transfer	
mechanism	 for	 indirect	 excitation	 of	 a	 catalytically	
active	 Pt	 nanoparticle	 decorated	 by	 CO	 and	 proved	
the	initiation	of	the	chemical	reaction	on	an	ultrafast	
timescale	with	low	flux	laser	excitation,	i.e.	at	catalyt-
ically	 relevant	 conditions.	 Never	 the	 less,	 the	 initia-
tion	occurs	on	an	fs	time	scale,	giving	us	a	new	option	
for	studying	chemistry	on	such	short	 time	scale,	but	
on	real	systems.	

[1]	B.D.	Patterson	et	al.	Chimia	65,	323	(2011).	

[2]	Anisimov	et	al.	Sov.	Phys.	JETP	39,	375	(1974).	

[3]	L.	Gallais	et	al.	Appl.	Phys.	A	115,	177	(2013).	
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Figure	1.	Time	evolution	of	the	electron,	phonon,	and	
adsorbate	 temperatures	 resulting	 from	 the	 two-
temperature	 model	 and	 measured	 Frequency	 shift	
together	with	the	derived	adsorbate	temperature	and	
the	 therefrom	 fitted	 time	evolution	of	 the	adsorbate	
temperature	Ta.	

Figure	2.	(a)	Frequencies	of	discrete	acoustic	phonon	
modes	 in	 platinum	 nanoparticles	 as	 a	 function	 of	
particle	 diameter	 together	 with	 the	 regime	 of	 the	
expected	 low	 frequency	 hindered	 translation	 mode.	
(b)	 Schematic	 illustration	 of	 the	 discrete	 acoustic	
breathing	mode	of	a	platinum	nanoparticle.	

Figure	3.	Normalized	 ion	 current	 of	mass	44	 corre-
sponding	 to	 carbon	 dioxide,	 measured	 with	 a	 mass	
spectrometer.	 The	 gas	 cell	 is	 heated	 under	 continu-
ous	carbon	monoxide	and	oxygen	flow	to	a	tempera-
ture	of	180	°C	in	the	first	25	min	while	laser	irradia-
tion.	Subsequently,	the	laser	is	switched	off	and	on.	
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Attosecond carrier dynamics in gallium arsenide induced by intense 
resonant near-infrared laser pulses 

F. Schlaepfer1, M. Lucchini1, S. A. Sato2, M. Volkov1, L. Kasmi1, N. Hartmann1, A. Rubio2, 
L. Gallmann1, U. Keller1

1Physics Department, ETH Zurich, 8093 Zurich, Switzerland 
2Theory Department, Max Planck Institute for the Structure and Dynamics of Matter, 22761 Hamburg, Germany 

Email: f.schlaepfer@phys.ethz.ch

A deeper understanding of the sub-femtosecond charge dynamics in a solid is of great interest for the development of 
compact ultrafast electronic devices with an operation frequency reaching the petahertz regime. A number of pioneering 
publications demonstrated that attosecond transient absorption spectroscopy (ATAS) is a suitable tool for resolving the 
fastest carrier processes in wide-bandgap semiconductors (1, 2) and dielectrics (3, 4). In these works, non-resonant pulses 
were used. Here, in contrast, we investigate for the first time the sub-femtosecond dynamics in a direct narrow-bandgap 
semiconductor (gallium arsenide) pumped in the resonant regime. Resonant pumping is considerably more important for 
applications in actual optoelectronic devices (e.g. photodiodes, photodetectors). In particular, we unravel the role of inter- 
and intra-band transitions in the light-driven electron dynamics. 
We combine a single attosecond extreme-ultraviolet (XUV) probe pulse with a delayed phase-locked few-cycle 
near-infrared (NIR) pump pulse (~ 2-3x1012 W/cm2) (5). The resonant NIR pulse can either excite electrons from the 
valence (VB) into the conduction band (CB) via the absorption of photons (inter-band transition) or accelerate carriers 
within a single band (intra-band motion). The XUV pulse with a broad continuous spectrum probes the modified carrier 
distribution around the bandgap via charge injection from the As-3d core level (Fig. 1(a)).  Figure 1(b) shows the 
measured change of the XUV absorption. During the pump-probe overlap, oscillations with twice the NIR frequency 
appear in a broad energy range. With a state-of-the-art first-principles calculation, we can reproduce the measured signal 
(Fig. 1(c)). Further, we use a simplified model to study the distinct role of inter- and intra-band transitions in the transient 
signal. 
Given the resonant pump condition, it was expected that the ultrafast response of the material is dominated by inter-band 
transitions. Surprisingly, we observe that intra-band motion dominates the response during the light-matter interaction. 
Further, our simulation shows that intra-band motion enhances significantly the carrier injection rate from the VB into the 
CB, even though this process itself can only accelerate electrons within a single band (Fig. 1(d)). Our findings demonstrate 
the importance of the coupling between intra- and inter-band transitions and its influence on very fundamental light-matter 
interactions in technologically relevant materials. 

Fig. 1. (a) Illustration of the pump-probe mechanism. The resonant NIR pump pulse excites either electrons from the valence (VB) 
into the conduction band (CB) via the absorption of photons (inter-band transition) or moves carriers within a band (intra-band 
transition). The XUV pulse probes the carrier population around the bandgap via carrier injection from the As core level. (b) Measured 
change of the XUV absorption of GaAs as a function of pump-probe delay. During the overlap, oscillations with twice the NIR 
frequency appear. (c) The first-principles simulation reproduces nicely the main measured features. (d) Simulated conduction band 
population nCB induced by the NIR-pulse. The green curve shows the population in the absence of intra-band motion (inter only). 
Including both transitions results in a three-fold enhancement of the final conduction band population.	 	

REFERENCES 
1. M. Schultze et al., Attosecond band-gap dynamics in silicon Science 346, 1348-1352 (2014).
2. H. Mashiko, K. Oguri, T. Yamaguchi, A. Suda, H. Gotoh, Petahertz optical drive with wide-bandgap semiconductor. Nat. Phys. 12,

741-745 (2016).
3. M. Schultze et al., Controlling dielectrics with the electric field of light. Nature 493, 75-78 (2013).
4. M. Lucchini et al., Attosecond dynamical Franz-Keldysh effect in polycrystalline diamond. Science 353, 916-919 (2016).
5. R. Locher et al., Versatile attosecond beamline in a two-foci configuration for simultaneous time-resolved measurements. Rev. Sci.

Instrum. 85, 013113 (2014).

7



Ultrafast	interdomain	charge-	and	energy	transfer	in	
mixed-cation,	mixed-anion	lead	halide	perovskites	

Marine	E.	F.	Bouduban,a	Fabrizio	Giordano,b	Arnulf	Rosspeintner,c	
Joël	Teuscher,a	Eric	Vauthey,c	and	Jacques-E.	Moser	a	

a	Photochemical	Dynamics	Group,	Institute	of	Chemical	Science	and	Engineering,	
and	Lausanne	Centre	for	Ultrafast	Science,	

École	polytechnique	fédérale	de	Lausanne,	CH-1015	Lausanne	
b	Laboratory	for	Photonics	and	Interfaces,	Institute	of	Chemical	Science	and	Engineering,	

École	polytechnique	fédérale	de	Lausanne,	CH-1015	Lausanne	
c	Department	of	Physical	Chemistry,	School	of	Chemistry	and	Biochemistry,	

Université	de	Genève,	CH-1211	Genève	4	

The constituents of photovoltaic perovskite materials have significantly evolved since the first 
devices made out of the standard methylammonium lead triiodide perovskite MAPbI3 to the 
latest developments relying on mixed cations, mixed anions compositions. Indeed, it clearly 
emerges from recent reports that lead halide perovskites MA1-yFAyPbI3-xBrx , containing a 
mixture of methylammonium (MA+) and formamidinium (FA+) cations, as well as mixed iodide 
(I–) and bromide (Br–) anions, consistently perform better than the standard material. This 
observation is somehow counterintuitive, as it is generally expected for photovoltaic materials 
that heterogeneities and compositional disorder cause reduced performances, due to an increased 
density of trap states and photocarrier recombination centers.  
Here, we use a combination of ultrafast photoinduced electroabsorption [1] and broadband 
fluorescence upconversion [2] spectroscopy techniques to scrutinize the photocarrier dynamics 
in thin films of solution-processed, mixed-composition perovskites. Our results evidence the 
existence of nano-domains, which cannot be discerned in SEM images. These domains have 
different spectral signatures and are, thus, assigned to chemical heterogeneities. The observation 
of photoinduced Stark signals [3] and a global analysis of transient absorption data show in 
addition that interfacial charge transfer excitons are formed across domain boundaries. 
Rather than constituting recombination centers, boundaries between domains of various chemical 
compositions appear to favor charge carrier separation by driving photogenerated holes from 
larger bandgap, bromide-rich regions to lower bandgap, iodide-rich ones. Our observations then 
provide a rationale for the reported better photovoltaic performance of mixed-composition 
materials used in efficient perovskite solar cells. They also indicate novel avenues for active 
material engineering. 

		[1]	M.	E.	F.	Bouduban,	A.	Burgos-Caminal,	R.	Ossola,	J.	Teuscher	&	J.-E	Moser.	Energy-	and	Charge	
Transfer	Cascade	in	Methylammonium	Lead	Bromide	Perovskite	Nanoparticle	Aggregates.	Chem.	
Sci.	2017,	8,	4371-4380.	

		[2]	M.	Gerecke,	G.	Bierhance,	M.	Gutmann,	N.	P.	Ernsting	&	A.	Rosspeintner.	Femtosecond	Broadband	
Fluorescence	Upconversion	Spectroscopy:	Spectral	Coverage	versus	Efficiency.	Rev.	Sci.	Instrum.	
2016,	87,	053115.	

		[3]	M.	E.	F.	Bouduban,	A.	Burgos-Caminal,	J.	Teuscher	&	J.-E.	Moser.	Unveiling	the	Nature	of	Charge	
Carrier	Interactions	by	Electroabsorption	Spectroscopy:	An	Illustration	with	Lead	Halide	
Perovskites.	Chimia,	2017,	71,	231–235.	

		[4]	M.	E.	F.	Bouduban,	F.	Giordano,	A.	Rosspeintner,	J.	Teuscher,	E.	Vauthey	&	J.-E.	Moser.	
Interdomain	Charge-	and	Energy	Transfer	as	a	Rationale	for	Better	Photovoltaic	Performances	of	
Mixed-Cation,	Mixed-Anion	Lead	Halide	Perovskites.	Nat.	Mater.	(submitted).	
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Extreme ultraviolet high-order harmonic generation in liquids 

Tran Trung Luu, Zhong Yin, Arohi Jain, Thomas Gaumnitz,  

Yoann Pertot, Jun Ma, and Hans Jakob Wörner 

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich, Switzerland 

Attosecond science [1], the study of electronic dynamics on their natural time scale, emerged from high-

order harmonic generation (HHG) in gases [2-3] or plasmas over the last three decades. Recently attosecond 

science was extended to the solid phase with the observation of HHG in solids. Liquid samples, which 

combine the advantages of gases (sample renewal) and solids (high particle density), delineate themselves 

as a potential source of HHG. However, investigation of HHG in liquids has been limited to the visible 

domain [4] or to expanding liquid droplets [5-7]. Here, we report on the first observation of coherent, 

intense extreme ultraviolet high-order harmonic generation from the bulk of liquids using the state-of-the-

art liquid flat-jet technology. Ultrafast laser-driven electronic dynamics in liquids results in emission of 

multiple odd-order harmonics reaching up to the 27th order and extending beyond 20 electron Volts (see 

Fig. 1). We experimentally demonstrate the non-perturbative behavior of the generated high harmonics 

through power-scaling measurements. We demonstrate the full spatial coherence of high-harmonic 

emission in two-source interferometry. The ellipticity dependence of the high-harmonic intensity is only 

slightly broader than that of the surrounding gas phase. These results will provide new insights into ultrafast 

electron scattering dynamics in liquids. Furthermore, we observe a solvent-dependent behavior in the 

structure of the HHG spectra. Finally, we theoretically show the origin of the difference and the influence of 

the electronic structure in the spectra generated from liquid water and ethanol, by successfully reproducing 

them on the basis of experimentally measured densities of states and a simple strongly-driven two-band 

model. Our investigation establishes liquids as a promising new medium for HHG, and demonstrates the 

potential of high-harmonic spectroscopy for probing attosecond electronic dynamics in the liquid phase. 

References 

[1] P. B. Corkum and F. Krausz, Nature Physics 3, 381 (2007). 
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Figure 1: Experimental apparatus and HHG spectrum recorded from liquid ethanol. 
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2D-IR	Spectroscopy	at	its	Best:	Structure	and	Dynamics	of	Molecules	Immobilized	at	
Solid/Liquid	Surfaces	

Jan	Philip	Kraack,	David	Paleček,	Gökçen	Tek,	Peter	Hamm	
Department	Chemistry,	University	of	Zurich,	Switzerland

email:	peter.hamm@chem.uzh.ch 

2D-IR	spectroscopy	can	tell	us	a	 lot	about	solvation	dynamics,	structural	dynamics	and	energy	transfer	
processes	 of	 molecular	 systems	 in	 different	 environments.	 After	 a	 brief	 introduction	 into	
multidimensional	 spectroscopy,	 I	 will	 illustrate	 its	 capability	 by	 discussing	 structure	 and	 dynamics	 of	
molecules	 immobilized	 at	 solid/liquid	 surfaces	 [1],	 which	 play	 an	 important	 role	 in	 electro-	 and	
photocatalysis.	 I	 will	 show	 that	 time-dependent	 cross	 peaks	 between	 two	 isotopomers	 of	 a	 CO2-
reduction	 catalyst	 (Re(4,4-dicarboxyl-2,2-bipyridine)(CO)3Cl)	 originate	 from	 through-space	 transition-
dipole	coupling	(Fig.	1)	[2].	From	the	transfer	rate,	we	can	estimate	that	the	molecules	are	bound	to	the	
surface	with	essentially	a	closest	packing.	We	furthermore	studied	the	vibrational	energy	transfer	rate	
on	 different	 types	 of	 surfaces	 with	 different	 levels	 of	 plasmonic	 enhancement,	 and	 somewhat	
surprisingly	 find	 that	 the	 transfer	 rate	 is	 not	 affected,	 an	 effect	 that	 is	 explained	with	 the	 help	 of	 an	
image-dipole	 picture.[3]	 Finally,	 I	 will	 discuss	 the	 2D	 IR	 spectroscopy	 of	 the	 Pt-H	 bond,	 a	 transient	
species	which	must	appear	during	electrolysis	with	Pt	still	being	the	only	catalyst	that	is	of	technological	
relevance.	[4]				

1960 1980 2000 2020
1960

1980

2000

2020

1960 1980 2000 2020
1960

1980

2000

2020

1960 1980 2000 2020
1960

1980

2000

2020

1960 1980 2000 2020
1960

1980

2000

2020

(a) (b)
0.5ps 21ps

(c) (d)

(e) (f)

TiO2

ITO

Au

Re(13CO)3Br
Re(12CO)3Cl

ω 3
/ c

m
-1

ω 1 /	cm-1 ω 1 /	cm-1

ω 3
/ c

m
-1

ω 3
/ c

m
-1

1960 1980 2000 2020
1960

1980

2000

2020

1960 1980 2000 2020
1960

1980

2000

2020

(a) (b)
0.5ps 21ps

(c) (d)

(e) (f)

TiO2

ITO

Au

Re(13CO)3Br
Re(12CO)3Cl

ω 3
/ c

m
-1

ω 1 /	cm-1 ω 1 /	cm-1

ω 3
/ c

m
-1

ω 3
/ c

m
-1

0.5	ps 21	ps

Figure	1:	2D	ATR	IR	spectrum	of	Re(4,4-dicarboxyl-2,2-bipyridine)(13/12CO)3Cl/Br	on	an	ITO	surface.	Cross-peaks	
appear	as	a	function	of	population	time.	
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Visualizing ultrafast dynamics in clusters and molecules 
with intense femtosecond x-ray pulses 

Christoph Bostedt 

Argonne National Laboratory, Chemical Sciences and Engineering Division, Lemont, IL 60439, USA 
Northwestern University, Department of Physics and Astronomy, Evanston, IL 60208, USA 

X-ray Free Electron Lasers (XFELs) deliver highly coherent, intense x-ray pulses with pulse lengths 
down to a few femtoseconds and in the future even attoseconds. The unprecedented brightness of 
these x-ray lasers opens the door for single-shot imaging and non-linear spectroscopy approaches 
involving core-level states. Novel two-pulse and two-color schemes allow x-ray pump – x-ray probe 
experiments with femtosecond resolution.  

We have employed ultrafast imaging in the soft x-ray regime and ultrafast hard x-ray scattering to 
investigate optically and x-ray induced dynamics in nanometer-scale clusters. Single xenon clusters 
are superheated with an intense optical laser pulse and the structural evolution of individual particles 
is subsequently imaged with single x-ray pulses. With this method we can resolve surface softening 
on the nanometer scale at the cluster / vacuum interface within 100 femtoseconds. A new approach 
mixing a reference scatterer and a sample particle in the gas phase, called in-flight holography, 
allows us to efficiently obtain real-space information and opens the door for more complex time-
resolved studies.  

In the hard x-ray regime, we used an intense x-ray pulse to isochorically pump a xenon cluster into 
a highly excited state and subsequently probe the lattice response with a second hard x-ray pulse 
via Bragg scattering. We find that the nanocluster transiently contracts within the first 80 fs 
following x-ray irradiation before ultimately disintegrating in a rapid hydrodynamic expansion. The 
observed contraction can be attributed to the massive x-ray induced electronic excitation that 
induces a collective change in the bond character of the nanoparticles. In parallel to the experimental 
efforts we have developed massively parallel Monte Carlo Molecular Dynamics codes, allowing us 
to model the x-ray induced processes nanoscale samples and predict the limitations of ultrafast x-
ray imaging. 

The x-ray/x-ray pump/probe approach can also be used to create localized electronic excitations 
and follow them with element and even site specificity.  For that purpose, we have recently pursued 
time-resolved photoelectron spectroscopy (XPS) approaches. Starting with CO as a small model 
molecule that is accessible to theory, we used two x-ray pulses to first resonantly excite a core-
electron at the oxygen K-edge and subsequently probe the molecular response with photoemission 
from the carbon core levels with a second x-ray pulse. The data gives a glimpse of the electronic to 
nuclear relaxation pathways proceeding on time scales <40 fs upon x-ray excitation. These 
experiments lay the ground for further time resolved spectroscopic studies following energy and 
charge transfer process in more complex molecules. 
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MUST	PI:	Staub	&	Johnson	
Determination	of	ultrafast	electron	transfer	in	a	Mott	system	studied	by	time	resolved	
resonant	inelastic	x-ray	scattering	(RIXS)	
S.	Parchenko1,	E.	Paris1,	E.	Abreu2,	D.	Mc	Nally1,	A.	H.	Reid3,	G.	L.	Dakovski3,	S,	Moeller3,	J.	T.	Turner3,	
S.	Zohar3,	G.	Coslowich3,	W.	F.	Schlotter3,	M.	F.	Lin3,	S.	F.	Wandel3,	M.	Agaker4,	C.	Sathe5,	J.	
Nordgren4,	S.	L.	Johnson2,	T.	Schmittt1,	and	U.	Staub1		
1	Swiss	Light	Source,	Paul	Scherrer	Institut,	Paul	Scherrer	Institute,	CH-5232	Villigen	PSI	
2	Institute	for	Quantum	Electronics,	ETH	Zurich,	8093	Zurich	
3	LCLS,	SLAC	National	Accelerator	Laboratory,	Menlo	Park,	California	94025,	USA	
4	Department	of	Physics,	Uppsala	University,	SE-75121	Uppsala,	Sweden	
5	Lund	University,	MAX	Lab	4,	SE-22100	Lund,	Sweden	

Understanding	electron	delocalization	and	localization	processes	are	of	great	importance	in	nature.	In	
correlated	 materials,	 these	 processes	 occur	 naturally	 around	 metal-insulator	 transitions.	 It	 is	 the	
Coulomb	 repulsion	 that	 leads	 to	 a	 localization	 of	 electrons	 (Mott	 insulators).	 The	 study	 of	 such	
correlated	metal-insulator	type	transitions	on	the	ultrafast	time	scale	is	of	large	interest.	This	is	also	
reflected	by	several	studies	within	MUST.	Most	studies	so	far	were	concerned	with	either	on	optical	
probe	with	its	limitations	on	quantifying	observed	changes	or	on	diffraction	techniques	using	electrons	
or	x-rays.	Though	these	studies	strongly	contributed	to	the	understanding	of	such	processes,	a	direct	
view	of	electron	correlations	through	a	spectroscopic	tool	remains	missing.	Here	we	present	the	first	
ultrafast	RIXS	experiment	in	the	soft	x-ray	regime	on	a	solid,	very	recently	(9/2017)	performed	at	the	
LCLS	 in	 Stanford.	Using	 ultrafast	 RIXS,	we	 studied	 the	 electron	 delocalization	 process	 through	 the	
metal-insulator	transition	in	the	prototypical	V2O3	system	probing	the	d-d	excitation	of	the	V	ions.	Our	
preliminary	 data	 analysis	 shows	 that	 after	 exciting	 V2O3	 with	 an	 above	 bandgap	 ultrashort	 laser	
excitation,	 the	 d-d	 excitation	 is	 immediately	 affected	 by	 electron	 delocalization	 processes	 that	
interestingly	 recover	 within	 ~1	 ps.	 At	 the	 same	 time	 the	 ions	 have	 moved	 inside	 the	 unit	 cell	
representing	 an	 “excited	 structural”	 state.	 The	 electron	 delocalization	 process	 representing	 the	
thermodynamic	metal-insulator	transition	sets	in	after	1-2	ps,	concomitant	with	the	relaxation	of	the	
lattice	 to	 its	ground	state.	This	 indicates	 that	 the	metal-insulator	 transition	 is	driven	by	 the	 lattice	
(relaxation)	and	not	directly	by	the	electron	delocalization	caused	by	the	initial	electronic	excitation.	
Our	 proof	 of	 principle	 experiment	 does	 not	 only	 show	 that	 we	 are	 now	 able	 to	 study	 ultrafast	
electronic	processes	 in	 solids	by	 the	powerful	RIXS	 technique,	 it	 also	provides	new	 inside	 into	 the	
ultrafast	metal-insulator	transition	in	a	prototypical	Mott	system.		

Figure	1	 left)	Static	RIXS	data	above	and	below	the	metal-insulator	 transition	on	V2O3	taken	at	 the	
ADDRESS	beamline	of	the	SLS	convolved	with	the	instrumental	resolution	of	the	RIXS	spectrometer	at	
LCLS.	Right)	RIXS	spectra	taken	at	different	delay	times	indicating	an	instant	(at	500	fs)	drop	of	intensity	
(delocalization)	followed	by	a	recovery	(1-2ps)	before	the	occurrence	of	the	delocalization	indicative	of	
the	metal-insulator	transition.		
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2D IR spectroscopy of Insulin: a combined experimental-computational study
Jasmine L. Desmond* and Markus Meuwly
University of Basel, CH-4056 Basel, Switzerland.

Manipulation and control of the dissociation of the Insulin dimer to two monomeric units (i.e. the
functional form of the protein) is of great therapeutic importance. Recently, two-dimensional infrared
spectroscopy (2D IR) – a technique that operates at the femtosecond-picosecond timescale – was used
to investigate the dissociation dynamics of the Insulin dimer, systematically varying the temperature
and concentration of the hormone [1]. Interpretation of such experimental spectra is often challenging
and  estimating  the  monomer/dimer  composition  is  non-trivial.  While  at  higher  temperatures  (e.g.
339K), essentially only monomers are present, it is difficult to isolate the dimeric form. Even at lower
temperatures (e.g. 283K), only 50-80% of the composition is estimated to be the dimer.  However,
“pure-monomer” and “pure-dimer” spectra can be easily calculated computationally. In the most recent
investigations, Tokmakoff et. al. use isotopically labeled insulin to explore the dimerization process. In
parallel  to  this,  we  have  explored  the  process  using  a  complementary,  computational  approach,
exploiting  molecular  dynamics  (MD)  and  normal  mode  analysis.  This  builds  on  our  previous
investigations  of  the  vibrational  relaxation  of  N-methylacetamide,  a  small  organic  molecule  that
mimics peptide bonds in proteins [2]. 

[1] X-X. Zhang, K. C. Jones, A. Fitzpatrick, C. S. Peng, C-J. Feng, C. R. Baiz and A. Tokmakoff J. 
Phys. Chem. B 2016, 20, 5134-5145. 
[2] P-A. Cazade, F. Hedin, Z-H. Xu and M. Meuwly J. Phys. Chem. B 2015, 119, 3112-3122.
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On-the-fly ab initio semiclassical evaluation of continuous-wave, time-resolved, and two-
dimensional electronic spectra of polyatomic molecules beyond the Condon approximation 

Tomislav Begušić1, Aurélien Patoz1, and Jiří Vaníček1 

1Laboratory of Theoretical Physical Chemistry, Institut des Sciences et Ingénierie Chimiques, École 
Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland 

The time-dependent approach to spectroscopy allows, in contrast to the much more common time-independent 
approaches, evaluating electronic spectra very easily without using the Born-Oppenheimer or global harmonic 
approximations. Whereas the exact molecular quantum dynamics requires a global potential energy surface, and 
thus scales exponentially with the number of degrees of freedom, an alternative, on-the-fly ab initio (OTF-AI) 
semiclassical dynamics overcomes this problem and at the same time preserves the accuracy of simulated 
spectra of a wide range of chemical systems [1, 2]. Recently, we implemented an even simpler, single-trajectory 
on-the-fly ab initio method based on Heller's thawed Gaussian approximation (TGA) as a means to simulate 
electronic absorption, emission, and photoelectron spectra within the Condon approximation [3, 4]. 
Here we present two extensions of this method: the first employs the Herzberg-Teller approximation, which, in 
contrast to the Condon approximation, allows a linear dependence of the transition dipole moment on nuclear 
coordinates. Not only does this approach make it possible to simulate electronically forbidden transitions, but it 
also provides the means to evaluate quantitatively and rigorously the contribution of the Herzberg-Teller term 
to the spectra. The second extension makes the methodology applicable to the ultrafast time-resolved stimulated 
emission and two-dimensional electronic spectra. As it does not invoke a global harmonic approximation, the 
on-the-fly scheme describes the most important anharmonicity effects.  
We apply the Herzberg-Teller extension to evaluate the absorption spectra of benzene and phenyl radical (see 
figure). Calculated spectra reproduce the experimental data and are much more accurate than the standard global 
harmonic approaches. Our results indicate that in the phenyl radical (left panel), including anharmonicity effects 
is more important than including the Herzberg-Teller contribution, while in benzene (right panel), the Herzberg-
Teller vibronic contribution is essential, since the transition is electronically forbidden and the Condon 
approximation yields a zero spectrum. Finally, we use the second extension to predict the experimental signal 
obtained in time-resolved stimulated emission and two-dimensional electronic spectra of the phenyl radical. 

Figure. Calculated absorption spectra of the phenyl radical (left panel) and benzene (right panel) S1 ← S0 
electronic transitions compared to the experimental spectra. Left: OTF-AI-TGA corrects the problem (the 
"missing mode effect") of the global vertical harmonic model of the phenyl radical. Right: Inclusion of the 
Herzberg-Teller terms corrects the "nonexistent" spectrum obtained within the Condon approximation in the 
electronically forbidden transition in benzene. 

[1] J. Tatchen and E. Pollak, J. Chem. Phys., 130(4), 041103 (2009). 
[2] M. Ceotto et al., J. Chem. Phys., 130 (23), 234113 (2009). 
[3] M. Wehrle, M. Šulc, and J. Vaníček, J. Chem. Phys. 140, 244114 (2014). 
[4] M. Wehrle, S. Oberli, and J. Vaníček, J. Phys. Chem. A 119, 5685 (2015). 
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Simulation of coupled electron-nuclear reactions in the
condensed phase

Manish J. Thapa, Johann Mattiat and Jeremy O. Richardson

Laboratory of Physical Chemistry, ETH Zürich

The fundamental process of electron transfer is a key step in all chemical reactions. In
many cases, the electron dynamics are coupled strongly to the nuclear degrees of freedom
such that the Born-Oppenheimer approximation cannot be made. The mechanism of the
coupled electron-nuclear reaction is currently not well understood and the rate cannot be
computed using conventional transition-state theory. In order to simulate the quantum-
mechanical reaction in the condensed phase, new theoretical techniques are required.

We have developed a semiclassical theory to describe the tunnelling dynamics of the
atoms which occurs simultaneously with the electron transfer. Our new rate theory is
a quantum generalization of Marcus theory, but is however also applicable to general
reactions with anharmonic free-energy surfaces [1].

We are developing further extensions to the semiclassical theory which will allow the
method to be applied to a wider range of nonadiabatic reactions in molecular systems. In
particular, a new quantum instanton approach based on path-integral statistical mechan-
ics describes the nuclear tunnelling dynamics in liquids with multiple transition states.
These reactive processes occur in the dark, but two new projects we are starting intend
to develop similar approaches to simulate photo-excited nonadiabatic dynamics and their
spectra [2].
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Free-energy curves for an asymmetric model of electron transfer are shown on the left. On the
right, the rates computed by different methods are shown for this system at varying degrees
of asymmetry. Our instanton method (red) is in near perfect agreement with the exact result
(black dots), whereas standard Marcus theory (black dashed) ignores the asymmetry. Other
classical methods (green and blue dashed) can capture the asymmetry but not the tunnelling
effect.
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