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1. Spectrophotometric titration of 6-chloroharmine (6-Cl-Ha)
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Figure ESI.1. (a) Evolution of the UV-vis absorption spectra of 6-Cl-Ha (10 µM) as a function of 
the pH (black lines). Spectrum in blue, called “initial”, corresponds to the initial acidic solution (pH 
3.0). Spectrum in red, called “back”, corresponds to 6-Cl-Ha aqueous solution that was acidify (pH 
3.4) after alkali treatment (pH 12.1) (b) Spectrophotometric titration curve depicted at two different 
wavelengths.
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2. Spectrophotometric titration of 8-chloroharmine (8-Cl-Ha)
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Figure ESI.2. (a) Evolution of the UV-vis absorption spectra of 8-Cl-Ha (20 µM) as a function of 
the pH (black lines). Spectrum in blue, called “initial”, corresponds to the initial acidic solution (pH 
2.0). The red line, called “back”, represents the spectrum of 8-Cl-Ha aqueous solution that was 
acidify (pH 2.7) after alkali treatment (pH 12.6) (b) Spectrophotometric titration curve depicted at 
two different wavelengths.
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3. Spectrophotometric titration of 6,8-dichloroharmine (6,8-diCl-Ha)

(a) (b)

200 250 300 350 400 450
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
bs

or
ba

nc
e

 / nm

  pH 3.0 (initial)
  3.0 < pH < 10.2
  pH 3.0 (back)

 

 

2 4 6 8 10 12
0.00
0.04
0.08
0.12
0.16
0.20
0.24
0.28
0.32
0.36
0.40
0.44
0.48
0.52
0.56

 = 368 nm
  = 305 nm

A
bs

or
ba

nc
e

pH

<pK1> = 5.4 +/- 0.4

Figure ESI.3. (a) Evolution of the UV-vis absorption spectra of 6,8-diCl-Ha (20 µM) as a function 
of the pH (black lines). Spectrum in blue, called “initial”, corresponds to the initial acidic solution 
(pH 3.0). Spectrum in red, called “back”, corresponds to 6,8-diCl-Ha aqueous solution that was 
acidify (pH 3.0) after alkali treatment (pH 10.2) (b) Spectrophotometric titration curve depicted at 
two different wavelengths.
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4. Thermal stability of chloroharmine derivatives under acidic and alkaline conditions
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Figure ESI.4. UV-vis absorption spectra of (a) 6-Cl-Ha, (b) 8-Cl-Ha and (c) 6,8-diCl-Ha. Left 
column: spectra of acidic aqueous solutions storage in the dark for more than 50 days. Right 
column: spectra of acidic (black) and alkaline (red) chloroharmine solutions. Green lines show the 
spectra “back” of chloroharmines that were acidify (pH 2.5, 5.0 and 3.0, respectively) after alkali 
treatment (pH 11.2, 7.4 and 10.3, respectively).
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5. Table ESI.1: Composition (% character) of relevant Molecular Orbitals of chloroharmine derivatives (see text for details).

Percentage contribution of each fragment to MOMolecule MO

N/NH+

(Pyridine ring)
NH

(Pyrrolic ring)
6-Cl 8-Cl CH3 O-CH3 Phenyl ring Pyridine ring

6-Cl-Ha H–1 6.0 2.7 1.4 0.4 14.8 49.6 25.1
H 1.2 19.9 6.5 1.5 0.8 37.7 32.4
L 11 0.4 0.6 1.6 2.4 45.9 38.0

L+1 0.9 1.8 3.4 3.9 0.8 54.8 34.3
8-Cl-Ha H–1 6.3 3.6 0.5 0.4 12.8 58.3 18.2

H 0.9 18.9 5.5 1.5 3.8 33.3 36.1
L 11.3 0.6 1.2 1.7 2.1 44.9 38.1

L+1 0.8 1.4 1.4 3.6 0.6 44.7 47.6
6-Cl-HaH+ H–1 2.3 14.3 0.6 1.3 10.0 47.0 24.4

H 3.0 7.1 11.6 0.1 8.6 55.2 14.4
L 13.4 1.6 0.3 2.8 2.5 26.7 52.7

L+1 2.7 2.2 0.9 2.4 0.2 15.5 76.1
8-Cl-HaH+ H–1 1.3 18.4 2.8 0.8 1.4 53.2 22.2

H 3.7 2.5 8.0 0.5 19.1 52.5 13.8
L 13.5 1.8 0.3 2.9 2.6 26.0 52.9

L+1 2.8 2.4 0.3 2.2 0.2 15.2 76.8
6,8-diCl-Ha H–1 8.4 0.6 3.2 1.7 0.1 6.5 56.5 23.0

H 0.6 20.9 5.0 3.0 1.7 0.0 32.6 36.2
L 10.3 0.9 0.2 1.8 1.4 1.3 50.6 33.6

L+1 0.6 2.1 3.9 1.1 2.6 0.8 58.9 30.0
6,8-diCl-HaH+ H–1 3.8 1.6 2.2 6.1 0.4 19.3 52.9 13.8

H 0.7 17.4 10.8 3.8 0.7 0.2 47.6 18.7
L 13.2 1.8 0.2 0.5 2.7 2.3 28.5 51.0

L+1 2.5 2.0 1.2 0.5 2.4 0.2 19.8 71.6
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6. Experimental and calculated electronic spectra of 8-Cl-Ha and 8-Cl-HaH+
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Figure ESI.5. Comparison of the UV-vis absorption spectrum (black lines) with TD-DFT 
calculated electronic transitions (blue lines) and simulated spectra (red lines) for (a) 8-Cl-Ha and 
(b) 8-Cl-HaH+. The vertical transition energies were calculated at the optimized ground-state 
geometry by TD-DFT using B3LYP hybrid functional and aug-cc-pVDZ basis set including solvent 
effects (water) through the Polarizable Continuum Model. See text for details.
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7. Experimental and calculated electronic spectra of 6,8-diCl-Ha and 6,8-diCl-HaH+
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Figure ESI.6. Comparison of the UV-vis absorption spectrum (black lines) with TD-DFT 
calculated electronic transitions (blue lines) and simulated spectra (red lines) for (a) 6,8-diCl-Ha 
and (b) 6,8-diCl-HaH+. The vertical transition energies were calculated at the optimized ground-
state geometry by TD-DFT using B3LYP hybrid functional and aug-cc-pVDZ basis set including 
solvent effects (water) through the Polarizable Continuum Model. See text for details.
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8. Triplet state kinetics
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Figure ESI.7. Left column: kinetic traces obtained in a time-resolved triplet state absorption 
experiment of (a) 8-Cl-HaH+ and (b) 6,8-diCl-HaH+, in H2O at pH 4. Data are shown for N2-
saturated (inset), air-equilibrated and O2-saturated samples. Right column: Plot of the first-order rate 
constant for the decay of the triplet state against the dissolved oxygen concentration. The slope 
yields a rate constant for O2 quenching of the triplet state of (a) 8-Cl-HaH+ and (b) 6,8-diCl-HaH+ 
of (2.49 ± 0.3) × 109 M–1 s–1 and (2.41 ± 0.2) × 109 M–1 s–1, respectively.
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9. Evolution of the βCs and H2O2 concentrations in irradiated air-equilibrated aqueous 

solutions.
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Figure ESI.8. Evolution of (a) βC ([βC]0 = 180 µM) and (b) H2O2 concentration in air-equilibrated 
acidic (pH 4.0) aqueous solutions as a function of the elapsed 350 nm irradiation time. βC 
concentrations were assessed using HPLC analysis.
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10. Comparative analysis of the effect of HCl and HClO4 on the photodegradation of 6-Cl-
HaH+.
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Figure ESI.9. (a) and (b) show the evolution of the UV-vis spectra of air-equilibrated acidic 6-Cl-
HaH+ ([βC]0 = 80 μM, pH 4.0) aqueous solutions as a function of irradiation time when HCl and 
HClO4 were used to fix the pH of 6-Cl-HaH+ solutions, respectively. (c) Comparative kinetics. (d) 
Normalized (at 400 nm) Experimental Difference (NED) spectra.
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11. Evolution of the βCs (6-Cl-HaH+) and H2O2 concentrations in irradiated air-

equilibrated aqueous solutions in the presence of ROS scavengers.
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Figure ES.10. Evolution of (a) protonated 6-chloroharmine (6-Cl-HaH+) and (b) H2O2 
concentration in air-equilibrated aqueous solutions as a function of irradiation time in the presence 
of different ROS scavengers. Experiments performed at pH 4.0, 6-Cl-HaH+ (150 μM).


