[image: image1.jpg]<



[image: image2.png]14000

PC645 Complex

16000 18000 20000
1
Frequency(cm’)

Model: C,H, dimer o ®

[ x [ J

B .

[ ]
I o® d=5 A G
. 4...................’y
(%)
X e
20 30 40 50

010
B,(T)

0 0.01
¢ T ey

fap
5
N—
o
()
g
£ 1000
)
&
=

25T[=+ oT

1640015006 16400
Probe Energy (cm)

15000

)

oT

15601582 1643

0.04

0.02

Fourie Power
spectrum (a.u.)

0

1500 1550 1600 1650 1700
Wavenumber (cm’)





Coherent Spectroscopy at 25 Tesla in a Photosynthetic Protein Complex
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Introduction 

The observation of coherent effects in the ultrafast dynamics of photosynthetic proteins has stimulated deeper insights into the way light is captured in photosynthesis [1]. Specialized pigments (e.g. chlorophylls) bounded to the protein absorb sunlight and transfer energy to reaction centers that act as solar cells. Recent theoretical studies have predicted that coherent effects observed in light harvesting complexes are explained as vibronic coherence, that is an energy delocalization depending on vibrations of the pigments, as well as on the electronic coupling between them [2]. Two-dimensional electronic spectroscopy is a powerful technique to observe the presence of electronic-vibrational mixed coherences in photosynthetic complexes [3]. However, an unequivocal identification of this coupling is challenging due to the complex analysis of such signals. A suitable experiment should remove the interaction with the vibrational frequencies, perturbing only the electronic energy donor-acceptor gap and detect the intensity/energy redistribution caused by vibronic coupling. Here we show how a very high external magnetic field can be used to detune vibronic coupling in the light harvesting complex PC645 isolated from the cryptophyte algae Chroomonas mesostigmatica (CCMP 269). PC645 comprises eight pigments (fig.1B) and a prominent energy transfer channel occurs from the highest DBV donor to the lowest PCB acceptors. 
Experimental 

We implemented an ultrafast - sub-25fs - pump-probe apparatus at the Split Florida-Helix facility at NHMFL. Broadband pump-probe allows to detect coherent oscillations created in time domain and, by a post-process Fourier analysis, resolve the active modes. The 25T field granted by the Split Florida Helix magnet modifies the electronic levels of the molecules in the proteins, while not perturbing their vibrational structure. Based on time-domain density functional theory (TD-DFT), we predicted that strong magnetic fields will detune the electronic coupling in a general molecular system. Here we show the trend reported for an ethylene dimer molecular model, where the electronic coupling is detuned up to tens of wavenumbers for fields higher than 20T (fig.1B).
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Fig.1C shows the Fourier maps obtained from pump-probe experiments at 0T and 25T. Strong modes are displayed at low and high frequency in the PCB probe region. Distinct changes are observed in the high frequency region. TD-DFT on the DBV pair predicted a shift of ca. 40 cm-1 in the electronic transitions at 25T magnetic field and we experimentally observed a spectral shift of a high-frequency mode (fig.1D) that we interpreted as the result of the detuning of the electronic coupling. A careful study revealed that this excitonic transitions is coupled to an excited states PCB vibration at 1570cm-1, assigned to the C=N stretching. The magnetic field allows to reveal and detune vibronic coupling in a photosynthetic complex.
Conclusions

High magnetic field combined with pump-probe spectroscopy provides a unique tool to unveil coupling between electronic coherences and vibrations, contributing to study oscillatory features in ultrafast time resolved experiments. 
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Fig.1 PC645 spectrum and structure (A). TD-DFT calculation of the electronic coupling shift for ethylene dimer as function of magnetic field (B). Fourier Transformed maps obtained from pump-probe maps at 0T and 25T (C) and zoom on high frequency region (D). 









