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1. General Information 

1.1. Abbreviations 

HINA  3-hydroxy-isonicotinic aldehyde 

HPA  3-hydroxy-picolin aldehyde 

HAP  3-hydroxy-4-acetyl pyridine 

SA  salicylaldehyde 

ACN  acetonitrile 

DMSO dimethyl sulfoxide 

MeOH methanol 

EG  ethylene glycol 

HFP  1,1,1,3,3,3-hexafluoro-2-propanol 

D2O  deuterium oxide  

ESIPT excited-state intramolecular proton-transfer  

L-Cys L-cysteine  
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1.2. Experimental details 

All solvents were used as received from Aldrich or FluoroChem without any further purification. All chemicals were purchased and used 

as received. 1H NMR spectra were recorded on a Bruker Avance 500 spectrometer. 1H NMR chemical shifts (ŭ) are given in ppm and 

refer to residual protons on the corresponding deuterated solvent. All deuterated solvents were used as received without any further 

purification.  

Absorption spectra were measured on a Jasco V-730 double-beam UV-vis spectrophotometer and baseline corrected.  

Steady-state emission spectra and time resolved emission profiles were recorded on a Jasco FP-8300 fluorescence spectrometer 

equipped with a 450 W xenon arc lamp, double-grating excitation, emission monochromators. Emission spectra were corrected for 

source intensity (lamp and grating) and the emission spectral response (detector and grating) by standard correction curves. Time-

resolved measurements were recorded with a Horiba Jobin-Yvon IBH FL-322 Fluorolog 3 spectrometer by using the time-correlated 

single-photon counting (TCSPC) electronics FluoroHub. A pulsed laser diode LDH-P-C-373 (ɚ=373 nm, pulse duration 1.2 ns, max 

repetition rate 1MHz) and LDH-P-C-255 (ɚ=255 nm, pulse duration < 1.2 ns, max repetition rate 1MHz) was used to excite the sample 

and mounted directly on the sample chamber at 908. The photons were collected by using a TBX picosecond photon detection module 

single-photon-counting detector. The data was acquired by using the commercially available software DataStation (Horiba Jobin-Yvon) 

whereas data analysis was performed by using the commercially available software DAS56 (Horiba Jobin-Yvon). Quantum yield 

measurement were performed with Fluorolog-3 spectrofluorometer with a Quanta-j integrating sphere as an accessory attached. The 

data was acquired by the commercially available software FluorEssenceTM (Horiba Jobin-Yvon) version 3.5. 

For all spectroscopic experiments, plastic cuvettes with a light path of 10 mm and dimensions of 10 × 10 mm from Brand with a 

spectroscopic cut-off at 220 nm were used for the water-based solvent, while quartz cuvettes were utilized for organic solvent, e.g. 

DMSO and HFP.  

The pH titration measurements were carried out with a FiveEasy (Mettler Toledo) pH meter F20.  

High-performance liquid chromatography (HPLC) experiments were performed on a LC-2000Plus HPLC system equipped with a UV-

2075 detector and a Kromasil 100 C 18 5 ɛM LC column (250 Ĭ 4.6 mm, Agela) at a flow rate of 0.8 mL/min. The sample were dissolved 

in water at a concentration of 1.5 mg/mL.  

2. pH titration experiment 

2.1. pH titration photophysical experiment 

The pH titration was conducted by using certified standard titrant solutions of 0.1 N NaOH, 1.0 N NaOH and 0.5 N H2SO4, which were 

drop-wise added to a solution of HINA, HPA or HAP (50 µM) in water. The pH value was acquired by a FiveEasy (Mettler Toledo) pH 

meter F20. After pH recording, absorbance and emission spectra were measured. The ground state pKa1 values were determined by 

an absorbance-based spectroscopic investigation of HINA, HPA and HAP in the pH range of 2.5-5.5 while the ground state pKa2 values 

were determined in the pH range of 5.5-10.  

The absorbance (and emission) intensity at characteristic wavelength was plotted versus pH values of the solution. pKa values were 

fitted using the literature equations:1, 2 

pKa1 = pHx ï log (AH
+ - Ax) + log (Ax ï AN) or pKa1*= pHx ï log (IH+ - Ix) + log (Ix ï IN) 

pKa2 = pHx + log (AB
- - Ax) - log (Ax ï AN) or pKa2*= pHx + log (IB- - Ix) - log (Ix ï IN) 

Where AH
+, Ax, AN and AB

- represent the absorbance of the protonated form, at the pH chosen, of the neutral form and of deprotonated 

form respectively. IH
+, Ix, IN and IB represent the emission intensity of protonated form, at the pH chosen of the neutral form and of the 

deprotonated form respectively. The non-linear fitting was conducted with Origin 2018b software package.  

The excited state (de)protonation behaviour was determined by emission-based spectroscopic investigation of HINA , HPA and HAP 

in the pH range of 5.5-10. The dyes were excited at an isobestic point, or at a wavelength were mainly the neutral form of the dye, or 

at a wavelength were mainly the anionic form of the dye is absorbing. Emission were recorded where only the anionic form emits. 

Excited-state acidities (pKa2*) were estimated via the Förster cycle method (see further below). 
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2.1.1.    Absorbance and emission spectra 

2.1.1.1. 3-hydroxy-isonicotinic aldehyde (HINA) 

 

Figure S1. Absorbance (a) and emission (b-d) spectra of HINA (50 ɛM) titrated with a standard solution of H2SO4 (0.5 N, a series of black lines) and a standard 

solution of NaOH (0.1 N, a series of red lines) in MilliQ water at 25 °C. In b) ɚex = 330 nm was used as the excitation wavelength while excitation was carried out in 

c) at 380 nm, and in d) at 285 nm. The asterisk in the emission spectrum indicates the Raman scattering band of water at the selected excitation wavelength.  
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2.1.1.2. 3-hydroxy-picolin aldehyde (HPA) 

 

Figure S2. Absorbance (a) and emission (b-d) spectra of HPA (50 ɛM) titrated with a standard solution of H2SO4 (0.5 N, a series of black lines) and a standard 

solution of NaOH (0.1 N, a series of red lines) in MilliQ water at 25 ¯F. In b) ɚex = 330 nm was used as the excitation wavelength while excitation was carried out in 

c) at 380 nm, and in d) at 285 nm. The asterisk in the emission spectrum indicates the Raman scattering band of water at the selected excitation wavelength. 
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2.1.1.3. 3-hydroxy-4-acetyl pyridine (HAP) 

 

Figure S3. Absorbance (a) and emission (b-c) spectra of HAP (50 ɛM) titrated with a standard solution of H2SO4 (0.5 N, a series of black lines) and a standard 

solution of NaOH (0.1 N, a series of red lines) in MilliQ water at 25 ¯F. In b) ɚex = 330 nm was used as the excitation wavelength while excitation was carried out in 

c) at 380 nm. The asterisk in the emission spectrum indicates the Raman scattering band of water at the selected excitation wavelength. 

2.1.2.   pKa fitting 

2.1.2.1. 3-hydroxy-isonicotinic aldehyde (HINA) 

Table S1.pKa1 value of HINA determined by absorbance titration The emission-based fitting value is shown for comparsion. 

 absorbance (ɚabs. = 286 nm) emission (ɚex. = 286 nm, ɚem. = 397 nm) 

pKa1 3.97 ± 0.05 3.88 ± 0.08 

 

 

Figure S4. Plot of absorbance (ɚabs. = 286 nm, green dots) and [0,1]-normalized emission (ɚex. = 286 nm, ɚem. = 397 nm, black square) intensity change of HINA (50 

µM) with pH values in the range of 2.56-5.94. Fits are shown as dashed black line (absorbance) and solid red line (emission), the fitted pKa1 values are shown in 

the Table S1.  
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Table S2. pKa2 value of HINA determined by absorbance titration. For comparison, fitting values are given for emission-based titrations where selectively the neutral 

form, both neutral and anionic form (isosbestic point) and only the anionic form of the fluorophore where excited, respectively. The closely maching values suggest 

that deprotonation of the fluorophore does not occur during the lifetime of the excited state. 

 absorbance  emission 
 ɚabs. = 385 nm ɚex = 325 nm ɚex = 340 nm ɚex = 385 nm 

pKa2 7.05 ± 0.01 7.10 ± 0.01 7.08 ± 0.01 6.98 ± 0.01 

 

Figure S5. Plot of absorbance (ɚabs. = 385 nm, green dots) and [0,1]-normalized emission (ɚex. = 325 nm, black squares, ɚex. = 340 nm, red dots; ɚex. = 385 nm, blue 

triangels; ɚem. = 397 nm,) intensity change of HINA (50 µM) with pH values in the range of 5.90-10.41 Fits are shown as dashed green line (absorbance) and solid 

red lines (emission), the fitted pKa2 values are showed in the Table S2. Notes: the excitation wavelengths used here are characteristic for the neutral form (325 nm), 

isosbestic point of neutral form and depronated form (340 nm) and the depronated form (385 nm), respectively.  

2.1.2.2. 3-hydroxy-picolin aldehyde (HPA) 

Table S3. pKa1 value of HPA determined by absorbance titration. The emission-based fitting value is shown for comparsion. 

 absorbance (ɚabs. = 286 nm) emission (ɚex. = 286 nm, ɚem. = 397 nm) 

pKa1 3.43 ± 0.02 3.53 ± 0.00 
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Figure S6. Plot of absorbance (ɚabs. = 286 nm, green dots) and [0,1]-normalized emission (ɚex. = 286 nm, ɚem. = 397 nm, black square) intensity change of HPA (50 

µM) with pH values in the range of 2.19-4.72. Fits are shown as dashed black line (absorbance) and solid red line (emission), the fitted pKa1 values are showed in 

the Table S3. 

Table S4. pKa2 value of HPA determined by absorbance titration. For comparison, fitting values are given for emission-based titrations where selectively the neutral 

form, both neutral and anionic form (isosbestic point) and only the anionic form of the fluorophore where excited, respectively. The closely maching values suggest 

that deprotonation of the fluorophore does not occur during the lifetime of the excited state. 

 absorbance titration emission 
 ɚabs. = 369 nm ɚex = 313 nm ɚex = 330 nm ɚex = 369 nm 

pKa2 7.21 ± 0.04 7.23 ± 0.02 7.19 ± 0.03 7.05 ± 0.03 

 

Figure S7. Plot of absorbance (ɚabs. = 369 nm, green dots) and [0,1]-normalized emission (ɚex. = 313 nm, black squares, ɚex. = 330 nm, red dots; ɚex. = 369 nm, blue 

triangels; ɚem. = 467 nm,) intensity change of HPA (50 µM) with pH values in the range of 6.17-10.12, Fits are shown as dashed black line (absorbance) and solid 

red lines (emission), the fitted pKa2 values are showed in the Table S4. Notes: the excitation wavelengths used here are characteristic for the neutral form (313 nm), 

isosbestic point of neutral form and depronated form (330 nm) and the depronated form (369 nm), respectively. 
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2.1.2.3. 3-hydroxy-4-acetyl pyridine (HAP) 

 

Figure S8. Plot of absorbance (ɚabs. = 318 nm, black dots) intensity at change of HAP (50 µM) with pH values in the range of 2.3-5.8, the fits shown as red line, pKa1 

= 3.07 ± 0.03.  

Table S5. pKa2 value of HAP determined by absorbance titration. For comparison, fitting values are given for emission-based titrations where selectively the neutral 

form, both neutral and anionic form (isosbestic point) and only the anionic form of the fluorophore where excited, respectively. The closely maching values suggest 

that deprotonation of the fluorophore does not occur during the lifetime of the excited state. 

 absorbance titration emission 
 ɚabs. = 365 nm ɚex = 326 nm ɚex = 337 nm ɚex = 365 nm 

pKa2 8.13 ± 0.02 8.18 ± 0.01 8.12 ± 0.01 8.03 ± 0.01 
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Figure S9. Plot of absorbance (ɚabs. = 365 nm, green dots) and [0,1]-normalized emission (ɚex. = 326 nm, black squares, ɚex. = 337 nm, red dots; ɚex. = 366 nm, blue 

triangels; ɚem. = 486 nm,) intensity change of HAP (50 µM) with pH values in the range of 6.10-9.92, the fits shown as black dash line (absorbance) and red line 

(emission), the pKa2 values are showed in the Table S5. Notes: the excitation wavelengths used here are characteristic for the neutral form (326 nm), isosbestic 

point of neutral form and depronated form (337 nm) and the depronated form (365 nm), respectively. 

2.2. pKa value determination by pH meter 

The pH titration was conducted by using 1.0 N NaOH and 0.5 N H2SO4 as titrant solution, which was drop wisely added to a solution 

of HINA, HPA and HAP (10 mM) in water. The pH value was acquired by a FiveEasy (Mettler Toledo) pH meter F20. The data was 

processed with a pH-fitting software package available online.3, 4  

2.2.1.    3-hydroxy-isonicotinic aldehyde (HINA) 

 

Figure S10. pH titration curve of HINA (10 mM) that was titrated with a standard solution of NaOH (0.1 N) in MilliQ water, the red dash line is the fitting curve, pKa2 

= 7.02.  
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2.2.2.    3-hydroxy-picolin aldehyde (HPA) 

 

Figure S11. pH titration curve of HPA (10 mM) that was titrated with a standard solution of NaOH (0.1 N) in MilliQ water, the red dash line is the fitting curve, pKa2 

= 7.24.  

2.2.3.    3-hydroxy-4-acetyl pyridine (HAP) 

 

Figure S12. pH titration curve of HAP (10 mM) that was titrated with a standard solution of NaOH (0.1 N) in MilliQ water, the red dash line is the fitting curve, pKa2 

= 8.10. 

Table S6. The comparation of pKa values were determined with pH titration, absorbance spectra and emission spectra. 

 pKa1  pKa2  

 pH meter absorbance emission pH meter absorbance emission 

HINA 3.54 3.97 ± 0.05 3.88 ± 0.08 7.02 7.05 ± 0.01 6.98 ± 0.01 
HPA 3.11 3.43 ± 0.02 3.53 ± 0.00 7.24 7.14 ± 0.04 7.05 ± 0.03 
HAP 2.58 3.07 ± 0.03 - 8.10 8.03 ± 0.01 8.13 ± 0.02 

Notes: pKa values from emission-based titrationwere obtained by the excitation of the protonated (pKa1) or deprotonated (pKa2) form of the fluorophore, and recording 

of the corresponding emission from the protonated (pKa1) or deprotonated (pKa2) species. Thus, these emission-based pKa values resemeble ground.state behaviour. 
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2.3. Calculation of excited-state acidities (pKa2*) of HINA, HPA and HAP using Förster cycle 

analysis 

The ñthermodynamicòacidities (pKa2
*) of the excited state of HINA, HPA and HAP were estimated from the experminentally available 

absorbance and emission maxima energies (Table 1 in the main text, of the protonated and deprotonated species after conversion into 

cmī1 units, and the ground-state pKa value obtained from absorbance- and pH-meter based titrations (Table 1 in the main text) through 

use of the literature equations5:  

 

ὴὑᶻ ὴὑ  
Ὤ’  Ὤ’

ςȢσ ὙὝ
 

’  
’   ’

ς
 

’  
’   ’

ς
 

Ўὴὑ 
.ÈÃ

ςȢσὙὝ
 ’   ’  

πȢφςυ

Ὕ
 ’   ’  

The parameters ’  and ’  denotate the maxima of the absorbance and fluorescence spectra of the anion. Likewise, ’  and ’  

denotate the maxima of the absorbance and fluorescence spectra of the neutral form of HINA, HPA and HAP. Under these 

approximations, the excited-state acidities (pKa2
*) of HINA, HPA and HAP were calculated to reach ī5.5, ī3.7 and 1.13, respectively. 

These acidities are so strong that excitation of the neutral form of HINA, HPA and HAP should lead to a complete deprotonation of the 

fluorophores in water and one would expect to witness only the emission of the anionic form, if the deprotonation occurs within the 

lifetime of the excited state. Clearly, this is not the case because the absorbance- and fluorescence-based pH-titration plots essentially 

overlay (see Figure 1d in the main text and Figures S5, S7 and S9), suggesting that deprotonation of HINA, HPA and HAP does not 

occur upon excitation of the neutral forms of the fluorophores. We believe that a fast intramolecular ESIPT process between the 

adjacent HO- and CHO- moieties (see Figure S73) intercepts proton transfer to the solvent, and thereby preven the expected 

fluorescence behaviour based on the calculated pKa* values. [Similar deviations between predicted pKa* values and experimental 

observations have been described in the literature for systems that do not deprotonate within the lifetime of the excited state.6 For 

hydroxarenes, this behaviour is unusual; unlike HINA, HPA and HAP, many reported hydroxarenes are indeed strong photoacids.5, 6 
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3. Absorbance and emission spectra in organic solvents and solvent mixtures 

Table S7. Information of solvent was used in the mixed media measurement 

Solvent Supplier/Info Water content /m %  Water content /mM 

Dry ACN Sigma Aldrich 0.005 2.1 
Dry DMSO Across Organic < 0.005 < 3.0 

 

3.1.    3-hydroxy-isonicotinic aldehyde (HINA) 

3.1.1.  Spectra of HINA in acetonitrile (ACN) upon addition of water. 

 

Figure S13. Absorbance (a) and emission (b, ɚex = 380 nm) spectra of HINA (50 ɛM) in a series of mixture solvent of ACN and water (ACN/water, v/v) at 25 ¯F. c) 

Plot of the absorbance intensity at 390 nm as a function of the water content in the solvent mixture. d) Plot of the emission intensity at 532 nm as a function of the 

water content in the solvent mixture. The asterisk in the emission spectrum indicates the Raman scattering band of water at the selected excitation wavelength. 

  
























































































