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1. Bond lengths of the molecules referred to in the text.
Figure S1. Optimized geometries in S; of the enol0, ketoO, enol-1, keto-1, enol-2, keto+1 and twist-

keto-1 forms by TD B3LYP/6-31+G*; All optimizations were carried out in the gas phase. The bond

lengths are in Angstrom. C-H bond lengths are not shown.
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Figure S2. Optimized geometries of S; of [enol-2]-2Na complex by CIS/6-31G* and CIS/6-31G* with

the PCM for water; the bond lengths are in Angstrom. C-H bond lengths are not shown.

Comparing the geometry of the sodium complex in the gas phase with that including the PCM for

water, larger differences occur. It is necessary to consider solvent effects on the excited state geometry.
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2. The differences in geometries due to different B3LYP functionals in Turbomole and
Gaussian03.

Figure S$3. Optimized geometries in Sy of keto-1 by B3LYP/6-31+G* in Turbomole and Gaussian(03;

the bond lengths are in Angstrom. C-H bond lengths are not shown.
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There are no significant differences between the two geometries due to the different implementations

of B3 in the two programs. In addition, based on the excited state geometry of keto-1, the excitation
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energies calculated by TD B3LYP/6-31+G* with Turbomole and GaussianO3 respectively are 556.20
nm and 555.80 nm. Thus there are essentially no differences between Turbomole and Gaussian03 for

predictions on oxyluciferin molecules due to the different implementations of the B3 functional.

3. Charge transfer in planar and twisted structures.

Figure S4. Charge Distribution, in a.u., of the keto-1, and the twist-keto-1 forms predicted by
B3LYP/6-31+G* (Sp) and CIS/6-31+G* (S;) methods in the gas phase based on TD B3LYP/6-31+G*

optimized geometries.
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4. Charge transfer in the Na-complex in the gas phase.

Figure S5. Charge Distribution, in a.u., of [enol-2]-2Na predicted by the B3LYP/6-31+G* (Sy) and
CIS/6-31+G* (S;) methods in the gas phase based on CIS/6-31G* optimized geometries. The total
charges predicted for the benzothiazole and thiazoline moieties of [enol-2]-2Na do not include the

charges on the sodiums.
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5. Charge distributions of enol-2 and its Na-complex in water in the excited state.

Figure S6. Charge Distribution, in a.u., of the enol-2 and the [enol-2]-2Na complex predicted by the
CIS/6-31+G* methods in the water phase based on CIS/6-31G* with PCM optimized geometries. The
total charges predicted on the benzothiazole and thiazoline moieties of [enol-2]-2Na do not include the

charges on the sodium.
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