
Ultrafast 2D UV and visible spectroscopy of (bio)chemical systems 
 

André Al Haddad(a), Lars Mewes(a), Edoardo Baldini(a), Roberto Monni(a), Malte Oppermann(a), Jesse 
Bergkamp(b), Silvio Decurtins(b), Gerald Auböck(a) and Majed Chergui(a)*  

 
(a) Lab. de Spectroscopie Ultrarapide (LSU) and Lausanne Centre for Ultrafast Science (LACUS), Ecole 

Polytechnique Fédérale de Lausanne, ISIC, FSB, Station 6 
CH-1015 Lausanne, Switzerland.* Majed.Chergui@epfl.ch  

 (b) University of Bern, Department of Chemistry and Biochemistry, CH-3012, Bern, Switzerland 
 

We review our recent studies, using 2D transient absorption deep-UV spectroscopy, on 
electron transfer in hemoproteins and on the charge carrier dynamics in Titanium dioxide. 
We then present our recent studies using visible coherent 2D on the energy transfer in 
diporphyrins and on pentacene crystals. 

 
Following the implementation of deep-UV (< 300 nm) 2D transient absorption (TA) 
spectroscopy,1 we investigated the Tryptophan (Trp) fluorescence decay in myoglobins (Mb), 
showing that in ferric ones, one of the Trp’s does not only decay by FRET but also by 
electron transfer (ET) to the heme.2 We extended these studies to the ferrous deoxy form 
showing that the ET also occurs therein.3 We will show more recent results on ligated ferrous 
Mb’s that confirm the generality of the phenomena. We then present the first 2D UV studies 
of a transition metal oxide (Titanium dioxide), which reveals new hitherto unknown excitonic 
bands, which turn out to have a 2D nature in the 3D lattice.4  
We recently implemented a coherent 2D visible set-up that provides sub-10 fs pulses in the 
range from 420 to 900 nm. We will present results we obtained to investigate singlet fission in 
pentacene crystals and singly-fused diporphyrin systems in solution, showing clear signatures 
of interchromophoric vibronic coupling (see figure).  
 

 
Fig.1 (a) Transient absorption measurements showing the first 10 ps evolution upon 490 nm excitation. The 
white trace shows the static absorption spectrum. (b) 2D spectrum at 10 fs population time showing the diagonal 
peaks. (c) 2D spectrum at 95 fs showing cross diagonal peaks showing the correlation between the Q bands. 
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