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Table S1. The relative electronic energies (AE), relative Gibbs free energies (AG) (in kcal mol?) and the
equilibrium distributions (Dis) of the most stable conformers of Sec in its canonical (Uy-Ugyg), deprotonated
(Ug1-Ugs) and protonated (Uyi-Ups) forms at 298 and 498 K, calculated by the CBS-QB3 method. The previous

conformational results (cn, dsn pn, n=1,2,3...) in Ref. 29 were also calculated at the same level and given for

comparison.
298K 498K
Conf. Ref. 29 AE - -
AG Dis AG Dis
Uy cl 0.00 0.00 2441 0.00 9.56
Ue, c2 1.11 0.21 17.00 -0.44 14.91
Ug 1.17 0.09 20.82 -0.68 19.06
Ue c4 1.42 1.01 4.41 0.73 4.58
Ugs 1.43 1.18 3.31 1.01 3.46
Ucg c5 1.63 0.76 6.71 0.11 8.52
Uy 1.69 0.99 4.59 0.46 6.01
U c6 1.84 0.93 5.08 0.26 7.34
Ugg 2.04 1.00 4.50 0.26 7.35
U.to 2.29 1.80 1.16 1.46 2.19
Ugy dsl 0.00 0.00 49.59 0.00 39.13
Ug ds2 0.31 0.24 32.79 0.20 32.08
Ugs 0.97 0.95 10.00 0.92 15.44
Ugsg ds3 1.08 1.11 7.55 1.13 12.48
Ugs ds5 3.83 3.90 0.07 3.95 0.72
Upi pl 0.00 0.00 54.30 0.00 36.29
Upz p2 0.68 0.50 23.52 0.36 25.12
Ups p3 1.02 0.77 14.69 0.60 19.75
Ups p4 1.58 1.21 6.98 0.96 13.74

Ups p5 3.19 3.07 0.30 2.97 1.80




Table S2. The relative electronic energies (AE), relative Gibbs free energies (AG) (in kcal mol?) and the
equilibrium distributions (Dis) of the most stable conformers of Pyl in its canonical (O¢- O.y), deprotonated
(0g1-Ogs) and two protonated (Opp1-Opps and Opsi-Opes) forms at 298 and 498 K, calculated at the
DSD-PBEP86-D3(BJ)/aug-cc-pVTZ level with zero-point correction at the B3LYP/6-311++G(d, p) level. The previous

results in Ref. 30 (cn, dn, pgn, psn, n=1,2,3...) were also calculated at the same level and given for comparison.

298 K 498 K
Conf. Ref. 30 AE - -
AG Dis AG Dis
O cl 0.00 0.00 33.53 0.00 21.12
O c2 0.07 0.13 26.99 0.12 18.71
O 0.83 1.18 4.60 1.15 6.59
Oc4 0.91 1.24 4.14 1.22 6.15
Ocs cll 0.92 1.28 3.85 1.25 5.96
O 0.93 1.05 5.70 1.04 7.38
Oy 1.02 1.08 5.45 1.06 7.20
O c3 1.04 1.12 5.06 1.12 6.77
O cl4 1.26 1.11 5.15 1.02 7.53
O.10 c26 1.38 1.96 1.21 1.94 2.97
Oq1 dl1 0.00 0.00 52.18 0.00 33.85
O42 d2 0.08 0.26 3391 0.24 26.68
(OFF 1.20 2.06 1.61 2.01 4.42
Ogq d4 1.38 1.65 3.22 1.63 6.52
Oys 1.38 2.34 0.99 2.30 3.29
Opbi pB2 0.00 0.00 41.41 0.00 32.62
Opp2 psl 0.06 0.07 3691 0.07 30.44
Opb3 pe6 0.86 0.77 11.34 0.78 14.84
Opb4 pBS 1.09 1.20 5.48 1.12 10.49
Opbs 1.20 1.32 4.44 1.28 8.92
Opsi psl 0.00 0.00 58.25 0.00 42.16
Ops2 ps2 0.37 0.43 28.21 0.42 27.58
Ops3 ps3 1.22 1.28 6.69 1.26 11.77
Ops4 ps6 1.62 1.46 4.94 1.42 10.02

Opss 2.52 2.46 0.92 241 3.67




Table $3. Cartesian coordinates (A) of the most stable conformers of Sec, Pyl and ions showed in Figure 2 and 3.
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Figure S1. The computed IR spectra of representative conformer of the different forms (canonical, deprotonated
and protonated) of (a) Sec and (b) Pyl in anharmonic motion (red) and the calibrated harmonic motion (black,

scaled) at the B3LYP/6-311++G (d, p) level. A Lorentzian profile with a FWHM of 20 cm™ is used to convolute the

calculated spectra.



Table S4. Scaling factors simulated according to the IR spectral comparisons between the anharmonic and

harmonic frequency calculations of Sec and Pyl (see Figure S1).

Sec neu depro pro
500-2000 cm! 0.977 0.977 0.965
2000-4000 cm! 0.940 0.955 0.945

Pyl neu depro pb ps
500-2000 cm’! 0.980 0.970 0.980 0.975

2000-4000 cm! 0.950 0.960 0.950 0.958
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Figure S2. Simulated IR spectra (2500-4000 cm™) of the dominant conformers of (a) Sec and (b) Pyl in their
canonical, deprotonated and protonated forms calculated at the B3LYP/6-311++G (d, p) level of theory, as well as
their summation (sum) calculated using the percentage abundance at 298 K listed in Table S1 and S2. A

Lorentzian profile with a FWHM of 20 cm™ is used to convolute the calculated spectra.



pba(1.09) Opps(1.20)

o.ﬁo
.

: -f-fo

185
Ops3(1.22) Ops4(1.62)

Figure S3. Geometric structures of the most stable conformers of Sec and Pyl in their canonical, deprotonated
and protonated forms and their relative energies comparing with the global minimum of each form. The

intramolecular interactions (HBs) are depicted by dotted lines in A.
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Figure S4. Calculated (a;) C1s, (ay) N1s, (as) Ol1s and (a4) Sels XPS spectra and (b,) C1s, (b,) N1s, (b3) Ols and (by)
Sels NEXAFS spectra of the four low-energy conformers of Sec in its deprotonated form, as well as the averaged

spectra (SUM, plotted in red) at 498 K, computed according to their equilibrium distributions.
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Figure S5. Calculated (a;) C1s, (ay) N1s, (a3) Ol1s and (a4) Sels XPS spectra and (b,) C1s, (b,) N1s, (b3) Ols and (by)

Sels NEXAFS spectra of the four low-energy conformers of Sec in its protonated form, as well as the averaged

spectra (SUM, plotted in red) at 498 K, computed according to their equilibrium distributions.
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Figure S7. Calculated (a;) Cls, (a;) N1s and (a3) Ols XPS spectra and (b;) Cls, (b,) N1s and (b3) Ols NEXAFS
spectra of the five low-energy conformers of Pyl in its Oy, form, as well as the averaged spectra (SUM, plotted in

red) at 498 K, computed according to their equilibrium distributions.
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and (a3) O1s XPS spectra and (b;) Cls, (b,) N1s and (bs) Ols NEXAFS

spectra of the four low-energy conformers of Pyl in its O, form, as well as the averaged spectra (SUM, plotted in

red) at 498 K, computed according to their equilibrium distributions.



