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Chromophore-radical (C-R) systems have attracted attention in the spin physics community as 
potential candidates for dynamic nuclear polarization and quantum sensing due to their favorable 
optical and spin properties.[1] Similar to the NV− center in diamond, the photoexcitation and 
subsequent relaxation of a C-R system may lead to a non-Boltzmann ground state spin 
polarization.[2] The magnitude of the triplet/radical 
exchange parameter JTR has been predicted to vary by 
orders of magnitude from fractions to hundreds of cm−1 in a 
pentacene based organic C-R systems, and is directly 
related to the degree of conjugation between the 
chromophore and radical electrons.[3] A wide range of JTR 
values and different coupling regimes are possible, and the 
ability to reliably predict the particular photophysics a C-R 
system is likely to exhibit based on ab initio excited-state 
coupling calculations would be highly beneficial for 
informed molecular design.  
 In this work, we performed CASSCF/QD-NEVPT2 
calculations to obtain the correct electronic wavefunctions and energies of electronic states in C-R 
systems. Using these results, we applied first-order perturbation theory to calculate a mixing term, 
κ, between the excited sing-doublet (SD2 ) and trip-doublet (TD1)  states. Subsequently we compared 
these results to our own experimental datasets as well as those available in the literature which 
identify the presence or absence of J-mediated enhanced intersystem crossing. We then identify a 
threshold value of κ above which we expect to observe J-mediated EISC and design three candidate 
structures that we expect to exhibit spin polarization at specific magnetic field conditions. This work 
paves the way towards clear and effective tools for predicting the optical spin pathways of this class 
of molecular spin systems.  
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Figure 1. J-mediated enhanced intersystem 
crossing in pentacene-radicals.  


