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Table The first singlet excitation energies (eV) and oscillator strength 

!  CC2-GHO Full quantum CC2 

Phenylalanine 5.28 (0.0001) 5.24 (0.0004) 

Tyrosine 5.01 (0.0282) 4.97 (0.0293) 

Tryptophan 4.91 (0.0332) 4.89 (0.0377) 

CC2 Experiment 

all-trans retinal 2.14 (1.868) (Gas phase) 2.00  

bacteriorhodopsin 2.36 (2.161) (QM/MM) 2.18 
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