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To attain a zero-carbon future, it is critical to 
fully utilise renewable energy resources, yet solar 
energy remains drastically under-exploited. 

Photon-multiplication (PM) technology is a 
promising approach to increase efficiency of 
silicon solar cells by mediating thermal losses. A 
high energy photon is down-converted to two 
photons at lower energy which can be harvested 
with reduced heat dissipation (Fig. 1), achieved 
by exploiting the quantum phenomenon singlet 
fission. The number of materials able to undergo 
singlet fission is limited by strict energetic 
requirements, which are often fulfilled at the 
expense of molecular stability, reducing feasibility 
for device applications. Finding new materials 
with superior stability would greatly accelerate 
PM technology for integration with existing and 
future silicon solar cells.

Fig. 1 (reproduced from Rao et al. [1])
Photon-multiplier (PM) solar cell, showing role 
of singlet fission materials.
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This research demonstrates how change in design of chemical 
structure (OHC→OHAC, Fig. 2) can unlock singlet fission 
properties in a stable dye molecule, introducing a new PM 
candidate, Aza-Cibalackrot (OHAC). Using ultra-fast transient 
absorption spectroscopy (Fig. 6), we characterise the underlying 
singlet fission dynamics of the material, observing promoted triplet 
formation on the ps-timescale (Fig. 4a → 4b, see ROI), 
confirmed by  analysis methods (Fig. 5). 

Fig. 6  Transient absorption spectroscopy schematic 
used within this work to measure changes is population of 
species upon photoexcitation on a picosecond timescale.

Fig. 7  Photocycle model for singlet fission systems  
showing the desired product of two free triplet excitons that 
can be harvested in a PM solar cell system.

Fig. 3   Absorbance and emission of 
OHC/OHAC in solution (solid) and thin film 
(dashed). Hypsochromic shift of λmax 
indicates H-aggregation.  

Fig. 2    
Molecular 
structures of 
OHC and novel 
material OHAC, 
featuring 
reduced 
torsion for 
optimised  
singlet fission 
properties.

Fig. 4a  
OHC psTA, 
showing a 
single 
species 
signature, 
indicating no 
singlet 
fission 
active.

Fig. 4b  
OHAC psTA, 
indicating a 
second 
species 
present within 
the region of 
interest, 
attributed to 
the triplet state 
(blue dashed).

Fig. 5
2-species 
analysis of 
OHAC from 
Fig. 4b 
confirming
the presence 
of the triplet 
state (green, 
spe. 2) at early 
times.

Cibalackrot Aza-Cibalackrot

Introduction Methods and Model

References

Results

Designing New Materials for Efficient Solar Energy Harvesting Using Photon-multiplication Technologies  

1) Cavendish Laboratory, Department of Physics; 2) Yusuf Hamied Department of Chemistry, University of Cambridge

1Jessica Walton, Michael Purdy , Hugo Bronstein, Akshay Rao1 2 2

Email: jw2077@cam.ac.uk   Twitter: @JessWalton_Sci    LinkedIn: Jessica Walton


