






Walker, et al. – Proton Transfer in HPTS – Page 24 

 
Figure 3. Decay of the high frequency band in figures 1 and 2 for HPTS in H2O (A) and in D2O 
(B). The data are the time dependent areas of the associated state divided by the areas of the total 
spectrum (associated plus deprotonated bands) at each time, which eliminates the lifetime decay 
from the data. The data decay exponentially at short time with decay constant �W and become a 
low amplitude power law, t-�., at long time. The power law arises from a small amount 
recombination following deprotonation and diffusion. 
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Figure 4. View of representative QMMM system (MM region in line representation and QM 
region in CPK representation). Zoom shows top and side close up views of the QM region.  
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Figure 5. First and last structures from 2400 fs trajectory, with waters contributing to the water 
wire coordinate labeled relative to their proximity to the HPTS hydroxyl group. The water 
molecules in the wire are identified (and numbered) by inspection at 2400 fs. Comparison of the 
0 fs and 2400 fs frames shows that water molecules are “recruited” to form the water wire during 
the dynamics. CPK representation is used for the QM region and the MM region is depicted in 
line representation.  
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Figure 6. A. All O-H distances for the three waters shown in the water wire for a representative 
trajectory. B. Total distance between HPTS O and Water 1 (closest water) and the O—H and 
H—O distances between the HPTS hydroxyl group and water. C. Zoom of the region of time 
where the proton is highly delocalized in the water wire, with a schematic of the relevant O—H 
distances and wire organization with the same color legend as the graph D. Histogram of 
emission energies for all trajectories, binned by time window.  
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Figure 7. Burst and rest phases of proton sharing for the representative trajectory in Figure 6. A. 
Bar plot of each timestep for each water in the wire, colored by degree of proton sharing (Eq. 2) 
from 0 (black) to 1 (yellow). Black corresponds to a normal water, with no proton sharing 
character, while yellow corresponds to protonated HPTS or a water molecule with strong 
hydronium character. Areas of overlapping hydronium character indicate a combination of strong 
sharing between waters and an overall contraction of the water wire. B. Collective coordinate 
(Eq. 3) over time as a function of distance along the water wire in angstrom.  
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Figure 8. Composed plot of representative short trajectory with 100 waters in the QM region, 
showing almost instantaneous deprotonation. A. Bar plot of each timestep for each water in the 
wire, colored by degree of proton sharing as in Figure 7. B. Water O-H distances over the course 
of the trajectory. C. Total HPTS-Water distance (O-O distance from HPTS hydroxyl group to the 
nearest water molecule) and O-H distances, showing rapid deprotonation in 100 fs and the 
movement of the water wire away from the HPTS anion. D. Schematic of water organization 
after 100 fs, showing a preformed wire that promotes rapid deprotonation.  
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Figure 9. Transition natural orbitals for the S1 transition at the beginning (top) and end (bottom) 
of dynamics. Throughout the dynamics, the excited state wavefunction is localized on HPTS and 
there is no significant involvement (i.e. charge transfer) from surrounding QM water molecules.  
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Figure 10. The top panel shows relative energies and S1/S0 energy gaps for various optimized 
geometries of microsolvated HPTS. These geometries correspond to the S0 and S1 minima for 
protonated HPTS and also S1 minima of deprotonated HPTS with the excess proton located at 
varying distances along the water wire. Emission energies are shown for the S0 and S1 minima of 
protonated HPTS. Relative emission shifts are shown for the three S1 minima corresponding to 
deprotonated HPTS (experimental values in parentheses). Experimental timescales are marked 
above the relevant shifts. The bottom panel is computed from QM/MM dynamics with ~30 
waters in each QM region, and shows a collective coordinate (Eq. 3) vs. the excitation energy. 
This is combined data from all computed excited state trajectories. The final relative shift is 
approximately -0.25 eV for an excess proton located 7 Å away from the HPTS oxygen (along the 
wire).  
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Figure 11. Potential energy on S1 and vertical excitation energies along the intrinsic reaction 
coordinate corresponding to the deprotonation of HPTS. Here, 8 H2O molecules and PCM have 
been used in combination with TD-DFT (omega=0.35-PBE/6-31G**). The shift corresponds to 
4.1 Å in the collective coordinate. Structures along the path are shown below, with the transition 
natural orbitals associated with the transition state geometry shown on the right.  
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