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Table S1. Calculated key geometrical parameters for QP-F and QP-A by the DFT/TDDFT methods. 

  QP-F   QP-A  
  S0 state S1 state  S0 state S1 state 
Bond length (Å)      
O–H  1.237 1.172    
F–H  1.101 1.161    
Bond angle (˚)      
O–H–F  177 177    
Dihedral angle (˚)      
C1–C2–N–C3  -177 -101  -177 -177 

 

Table S2. Calculated electronic transition energy for QP-A in acetonitrile at lc-BLYP/TZVP, PBE0/TZVP, 
HSE06/TZVP levels, and corresponding experimental values. 

 Transition Energy nm(eV) f 
lc-BLYP/TZVP S1 → S0 407 (3.05) 0.6131 
PBE0/TZVP S1 → S0 583 (2.12) 0.4619 
HSE06/TZVP S1 → S0 582 (2.13) 0.2930 
Experiment  389   
lc-BLYP/TZVP S0 → S1 338 (3.66) 0.6496 
PBE0/TZVP S0 → S1 432 (2.87) 0.2235 
HSE06/TZVP S0 → S1 456 (2.72) 0.1575 
Experiment  433  
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Figure S1. Optimized geometries of QP-Fand QP-A in the S0 and S1 states. 

 

Intramolecular hydrogen bond (IHB) interaction 

A visual method in real-space surfaces [1], plots of the reduced density gradient (RDG) versus the electron 

density (ρ) multiplied by the sign of the second Hessian eigenvalue (λ2), is adopted to clearly analyze the types 

and intensities of IHB interactions. The y-coordinate RDG and the x-coordinate Ω are expressed as Equation (1) 

and Equation (2), respectively. 𝑅𝐷𝐺 = ଵଶ(ଷగమ)భ/య |∇ఘ|ఘర/య                         (1) Ω = sign(𝜆ଶ)𝜌                                (2) 

According to Bader’s atoms-in-molecules (AIM) theory [2], the sign of the second Hessian eigenvalue λ2 < 0 

and λ2 > 0 represent bonded and non-bonded interactions, respectively. Thus, combined with the electron density ρ, 

we can qualitatively determine the types and intensities of the interactions. Large, negative values of sign(λ2)ρ are 

indicated attractive interactions (such as hydrogen bonding or dipole-dipole); while if the values are large and 

positive, the interactions are steric crowding. Values neighboring zero represent very weak, van der Waals 

interactions. The colored RDG scatter plots are constructed by Mulitiwfn [3], and colored RDG isosurfaces are 

obtained by VMD software [4].  
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