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 Intermolecular rocking vibrations open up channels for ultrafast singlet fission
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The search for new, more efficient materials to harvest solar energy is a major research focus around the
world. Until now, silicon has been the material of choice for solar cells – but scientists are trying to
develop far more efficient and cost-effective alternatives. One promising material is pentacene, an
organic molecule which converts solar energy extremely well when combined with certain other
molecules. Pentacene stands out because of its ultrafast ‘singlet fission’ – a process which scientists hope
to harness for the design of far more powerful solar cells. Now an international research team led by
scientists from the MPSD has discovered why this process works so well in pentacene.

Their research shows that, once pentacene has absorbed light, its molecules develop rocking motions and specific
vibrations which play a crucial role in converting the light into electrical energy in solar cells.

The work has just been published in Science Advances. The researchers came from the MPSD and the University of
Hamburg (both in Germany), Stanford University and SLAC National Accelerator in the USA, the University of Oxford
(UK), the TIFR Centre for Interdisciplinary Sciences (India), Peking University in China and the University of Toronto
(Canada). The Hamburg research team involved scientists from the Cluster of Excellence CUI : Advanced Imaging of
Matter and the Center for Free-Electron Laser Science (CFEL).

Each natural and synthetic system that converts the sun’s energy – from leaves on a tree to photovoltaic cells – does so
through ultrafast processes at the atomic and molecular level. These processes involve the correlated evolution of these
molecules’ vibrational and electronic degrees of freedom. Despite the astonishing progress in ultrafast optical
spectroscopy, the accompanying structural changes during these processes are still not fully understood.

To explore these changes in the tiniest detail, the research team around Hong-Guang Duan and Ajay Jha from the MPSD
investigated how pentacene molecules behave during the singlet fission process. They focused on the changes in the
molecule during the generation of so-called triplet-pair state: the intermediate phase between the absorption of
sunlight and the formation of product state, which finally leads to charges. This phase occurs in a few hundred
femtoseconds, a femtosecond being a millionth of a billionth of a second.

To study this unimaginably fast process, the team used TG spectroscopy, an ultra-sensitive technique involving a pair of
laser pulses which stimulate the material and a second pair of pulses which show the precise changes of the molecule on
these ultrashort timescales.
Specifically, the researchers uncovered that vibrations of the pentacene molecules play a crucial role in the emergence of
the triplet-pair state. The molecules perform a rocking motion, both individually and collectively. The scientists were
able to chart the particular vibrational dynamics in the pentacene molecule during the important primary step of the
singlet fission process.

These motions play a key role in the ultrafast singlet fission process in this material. Scientists trying to design new
photoactive materials which mimic pentacene can now draw on these newly-discovered mechanisms to develop more
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efficient alternatives using the singlet fission process. The team’s work paves the way towards the next generation of
solar energy harvesting systems with the efficient utilization of intermolecular vibrations as one of the design principles.
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