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Resonance structures of the Pyridone isomers

The resonance structures of the ortho, meta, and para Pyridone isomers are shown in Fig. S1.

Figure S1: Resonance structures of the Hydroxypyridine (left) and Pyridone (middle) tau-
tomers along with the fully deprotonated species (right).

S-2



Details of the Molecular Dynamics Simulations

The following procedure was carried out for all nine chemical species under study: Initially,

a cubic box of 3.4 nm length comprising the chemical species of interest has been generated,

then one Cl– and K+ counterion was added to the box for positively charged (PyH+) and

negatively charged molecules (2PO−, 3PO−, 4PO−), respectively. The remaining space was

filled with solvent molecules by using the gmx_solvate tool from the Gromacs package.S1

All calculations used periodic boundary conditions. The temperature was controlled by

a modified Berendsen thermostat (0.1 ps time constant) and in NPT runs the Parrinello-

Rahman pressure-coupling (2 ps time constant) was used. For the calculation of the Coulomb

and van der Waals term a cut-off of 1.4 nm was employed, while long-range electrostatics

were treated via the particle mesh Ewald (PME) procedure. The energy of the initially

generated system was minimized and subsequently the box was equilibrated in two steps:

Firstly, an NVT equilibration at T = 298 K was run for 500 ps (∆t = 0.5 fs), followed by an

NPT equilibration at T = 298 K and P = 1 bar, which was also run for 500 ps (∆t = 0.5 fs).

The coordinates of the complex were constrained to the center of the box throughout the

equilibration. Finally, a production NPT run of 10 ns (∆t = 0.5 fs, T = 298 K and P =

1 bar) was performed from which snapshots were collected every 1 ps. The final run was used

for analysis of the radial distribution functions (see Fig. S2), hydrogen bonding properties

(see below) and solvent mass-density plots (in the main article).

Force field and chelpg charges

The parameters for the intramolecular degrees of freedom as well as the Lennard-Jones

non-bonded interactions were taken from the OPLS-aaS2 force field by choosing the closest

match to the molecules at hand. Since the charges used for the Coulomb interactions are not

transferable as the other parameters, we chose to derive them for each molecule using the

chelpgS3 procedure, as implemented in the orca_chelpg utility program. The charges were
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0

1

2

0 5 10
0

5

1.5 2.0 2.5 3.0 3.5 4.0 4.5
rNH−H2O (Å)
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Figure S2: Radial distribution functions between oxygen (1st row), hydrogen (2nd, 4th row),
or nitrogen (3rd row) of the sample and hydrogen (left) or oxygen (right) of water.
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derived based on structures optimized at the RI-MP2 level of theory with the aug-cc-pVTZ

basis set and the aug-cc-pVTZ/C auxiliary basis set. The calculations used CPCM.S4 The

full set of charges obtained is shown in Tab. S1.

Table S1: Chelpg charges used for the description of the electrostatic interactions
in the MD simulations. For all molecules the nitrogen atom is labeled N1, then
all carbon atoms are numbered clockwise. The numbering of the oxygen and
hydrogen atoms is taken as the same number of the respective atom to which
they are bonded.

PyH+ Py 2PO 2PO−
label q (e) label q (e) label q (e) label q (e)
N1 -0.089 N1 -0.665 N1 -0.310 N1 -0.891
H1 0.341 C2 0.482 H1 0.303 C2 1.173
C2 -0.008 C3 -0.530 C2 0.646 C3 -0.750
C3 -0.058 C4 0.272 C3 -0.333 C4 0.265
C4 -0.016 C5 -0.530 C4 0.009 C5 -0.744
C5 -0.059 C6 0.482 C5 -0.276 C6 0.466
C6 -0.008 H2 0.020 C6 -0.046 H3 0.168
H2 0.184 H3 0.191 H3 0.171 H4 0.029
H3 0.179 H4 0.067 H4 0.123 H5 0.171
H4 0.170 H5 0.191 H5 0.164 H6 -0.016
H5 0.180 H6 0.020 H6 0.155 O2 -0.871
H6 0.184 O2 -0.606

3PO 3PO− 3HP 4PO 4PO−
label q (e) label q (e) label q (e) label q (e) label q (e)
N1 -0.059 N1 -0.729 N1 -0.636 N1 -0.257 N1 -0.847
H1 0.304 C2 0.283 C2 0.343 H1 0.311 C2 0.494
C2 -0.259 C3 0.252 C3 0.071 C2 -0.019 C3 -0.837
C3 0.606 C4 0.009 C4 -0.005 C3 -0.378 C4 1.050
C4 -0.292 C5 -0.573 C5 -0.441 C4 0.701 C5 -0.837
C5 -0.063 C6 0.312 C6 0.377 C5 -0.367 C6 0.492
C6 -0.229 H2 -0.005 H2 0.077 C6 -0.027 H2 -0.020
H2 0.163 H4 0.060 H4 0.115 H2 0.145 H3 0.187
H4 0.160 H5 0.158 H5 0.189 H3 0.177 H5 0.187
H5 0.142 H6 -0.007 H6 0.044 H5 0.173 H6 -0.019
H6 0.165 O3 -0.760 O3 -0.548 H6 0.148 O4 -0.850
O3 -0.638 H3 0.414 O4 -0.607
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Hydrogen bonding properties

The analysis of the hydrogen bonding properties was carried out by examining the radial

distribution functions, obtained with the gmx_rdf tool, as well as analysing hydrogen bond

(HB) statistics with the gmx_hbond tool included in the Gromacs package. The full set of

HB parameters is shown in Tab. S2

Table S2: Hydrogen bonding parameters extracted from the MD simulations in
aqueous solution. The rNH distance is obtained from the maximum of the gXH(r)
and gHO(r) pair-correlation functions. The number of HBs (nHB) is defined via
the X=N,O and the water OH bond for 6 XHO < 20◦ and rX−O < 3.5 Å.

Molecule rN−H rN−O (Å) 6 NOH (◦) nHB

Py 1.87 2.92 ± 0.18 11.16 ± 4.91 0.90 ± 0.60

2PO− 1.79 2.86 ± 0.17 10.01 ± 4.78 1.58 ± 0.58
3PO− 1.80 2.88 ± 0.18 10.16 ± 4.83 1.92 ± 0.63
4PO− 1.77 2.86 ± 0.18 9.71 ± 4.74 2.09 ± 0.61

3HP 1.88 2.93 ± 0.18 11.22 ± 4.88 0.87 ± 0.61
Molecule rNH−O rN−O (Å) 6 NHO (◦) nHB

PyH+ 1.76 2.78 ± 0.13 10.86 ± 4.89 0.72 ± 0.45

2PO 1.90 2.95 ± 0.19 11.48 ± 4.91 0.60 ± 0.50
3PO 1.88 2.91 ± 0.19 11.61 ± 4.87 0.60 ± 0.51
4PO 1.90 2.95 ± 0.20 11.69 ± 4.88 0.58 ± 0.53
Molecule rCO−H rCO−O (Å) 6 OOH (◦) nHB

2PO 1.72 2.78 ± 0.17 10.50 ± 4.84 1.59 ± 0.66
3PO 1.71 2.77 ± 0.17 10.24 ± 4.82 1.96 ± 0.68
4PO 1.72 2.79 ± 0.17 10.57 ± 4.91 1.66 ± 0.69

2PO− 1.58 2.70 ± 0.16 9.00 ± 4.59 2.76 ± 0.54
3PO− 1.58 2.71 ± 0.16 8.92 ± 4.55 3.11 ± 0.56
4PO− 1.62 2.70 ± 0.16 9.00 ± 4.60 2.87 ± 0.55

3HP 1.80 2.88 ± 0.19 11.35 ± 4.89 0.72 ± 0.58
Molecule rOH−O rCO−O (Å) 6 OHO (◦) nHB

3HP 1.80 2.83 ± 0.18 10.88 ± 4.87 1.52 ± 0.71
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Figure S3: X-ray absorption at the N K -edge as calculated by the TD-DFT method. The
energy axis is shifted by 11.135 eV to ease the comparison with the experimental spectra in
the main article. Transition moments are shown as black bars. For the plotted spectra a
lifetime broadening of 0.13 eVS5 and an experimental broadening of 0.51 eV (deprotonated
nitrogen) or 0.80 eV (protonated nitrogen) have been used.
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TD-DFT

As described in the computational details section of the main article, TD-DFT calculations

were performed on the optimized geometries with the minimally-solvated models resulting

from the MD simulation. The TD-DFT calculations were carried out with PBE0 hybrid

functionalsS6 utilizing the def2-QZVPPDS7,S8 basis and def2/JS9 auxiliary basis set with

the RIJCOSXS10 approximation. CPCMS4 was used to account for bulk-liquid effects. For

numerical integration the ORCAS11 Grid7 (and GridX9 as COSX grid) were used.

N K -edge absorption spectra (see Fig. S3) were obtained by applying a Voigt function

to every transition moment. The Gaussian broadening results from a global fit of the ex-

perimental π∗ resonance of all molecules with the same nitrogen protonation state and a

fixed Lorentzian FWHM of 0.13 eV.S5 Additionally the spectra were shifted according to the

difference of the TD-DFT and experimental π∗ resonance of Py.
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