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Experimental Section 

Synthesis and characterization of the compounds 

Sodium 1,3-dioxo-1,3-dihydrobenzo[de]isochromene-5,8-disulfonate (S1) and 5,8-
dihydroxybenzo[de]isochromene-1,3-dione (S2) were synthesized by following the 
procedures reported in the literature.1 

 

Potassium 8-hydroxy-1,3-dioxo-1,3-dihydrobenzo[de]isochromene-5-sulfonate 
 

 
4.0 g of disulfonate S1 was added to a stirred solution of 20 g of molten KOH with 3 
ml of water at 200 °C. The reaction mixture was then heated to 230 °C until it started 
to foam for 2 minutes. This foaming procedure was repeated 5 times and a yellow 
solid compound was formed. After cooling to room temperature the reaction product 
was dissolved in 80 ml of water. The aqueous solution was carefully acidified (pH ≈ 
1) with aqueous HCl. On warming up the acidic solution to 70 °C a pale yellow 
precipitate was slowly formed. This yellow precipitate was filtered off, washed with 
water and alcohol and dried in vacuum at 40 °C affording 2.4 g (86 %) hydroxy 
sulfonate S3 as a yellow solid.  
   1H NMR (400 MHz, DMSO-d6): δ (ppm) = 10.72 (s, OH), 8.53 (d, J = 1.3 Hz, 1H), 
8.42 (d, J = 1.4 Hz, 1H), 8.01 (d, J = 2.5 Hz, 1H), 7.85 (d, J = 2.4 Hz, 1H). 
 
Potassium 8-hydroxy-2-(2-(2-hydroxyethoxy)ethyl)-1,3-dioxo-2,3-dihydro-1H-
benzo[de]isoquinoline-5-sulfonate 
 

 
A yellow-brown suspension of 0.105 g of 2-(2-aminoethoxy)ethanol and 0.332 g of 
anhydride S3 in 25 ml of ethanol was refluxed under argon atmosphere for 1 day. The 
color of the precipitate changed to pale yellow.  The reaction mixture was 
concentrated under reduced pressure to give 0.407 g (97%) of essentially pure imide 
EG-SHONI. A sample of 0.200 g was recrystallized from 40 ml of ethanol with 5 ml 
of 1 N HCl affording 0.156 g of pale yellow crystals. 
   1H NMR (500 MHz, DMSO-d6): δ (ppm) = 10.46 (br s, OH), 8.44 (s, 1H, naphthyl), 
8.43 (s, 1H, naphthyl), 8.02 (d, J = 2.3 Hz, 1H, naphthyl), 7.75 (d, J = 2.3 Hz, 1H, 
naphthyl), 4.55 (br s, OH), 4.23 (t, J = 6.5 Hz, 2H, NCH2), 3.65 (t, J = 6.5 Hz, 2H, 
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CH2), 3.46 (br s, 4H, CH2); 13C NMR (125 MHz, DMSO-d6) (APT): δ (ppm) = 
163.38 (CO, imide), 163.21 (CO, imide), 156.42 (COH), 147.20 (CS), 132.99 (C), 
128.29 (CH), 125.49 (CH), 123.26 (C), 121.96 (CH), 121.85 (C), 121.64 (C), 116.55 
(CH), 72.08 (OCH2), 66.88 (OCH2), 60.15 (CH2OH), 38.61 (NCH2); IR (solid): !!  
(cm-1) = 3221 (br OH), 1689, 1676, 1645, 1614, 1577, 1420, 1386, 1337, 1257, 1224, 
1207, 1181, 1113, 1097, 1079, 1045, 898, 803, and 713. ESI–LCMS: observed m/z = 
380.0 [M-K]-, calculated for C16H14NO8S: m/z = 380.04. 
 
5,8-Dihydroxy-2-(2-(2-hydroxyethoxy)ethyl)-1H-benzo[de]isoquinoline-1,3(2H)-
dione 
 

 
A solution of 0.070 g of 5,8-dihydroxybenzo[de]isochromene-1,3-dione S2 and 0.032 
g of 2-(2-aminoethoxy)ethanol in 1 ml of water and 1 ml of ethanol was stirred at 100 
°C under argon atmosphere for 2 h. After cooling to room temperature the reaction 
mixture was made acidic with 250 µl of 2 N HCl (aq.). The reaction mixture was 
concentrated under reduced pressure and the yellow-brown solid was recrystallized 
from 7 ml of acetonitrile affording 0.062 g (65 %) of imide EG-dHONI with mp. 
240–2 °C.  
   1H NMR  (500 MHz, DMSO-d6): δ (ppm) = 10.30 (br s, 2 OH), 7.79 (d, J = 2.3 Hz, 
2H, naphthyl), 7.43 (d, J = 2.3 Hz, 2H, naphthyl), 4.52 (br s, 1H, OH), 4.19 (t, J = 6.5 
Hz, 2H, NCH2), 3.62 (t, J = 6.5 Hz, 2H, CH2), 3.45 (s, 4H, CH2); 13C NMR (125 
MHz; DMSO-d6) (APT): δ (ppm) = 163.32 (CO, imide), 156.33 (COH), 135.39 (C), 
123.13 (C), 118.74 (CH), 117.19 (C), 114.10 (CH), 72.06 (CH2), 66.87 (CH2), 60.15 
(CH2), 39.2 (NCH2; IR (solid): !!  (cm-1) = 3366, 3152 (br OH), 1688, 1655, 1628, 
1615, 1584, 1520, 1446, 1313, 1237, 1196, 1120, 1071, 1036, 886, 801, and 782. 
FAB–MS (mNBA matrix): observed m/z = 318.0971 [M+H]+, calculated for 
C16H15NO6 + H+: m/z = 318.0978. 
 
Methyl 2-(5,8-dihydroxy-1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)acetate 
 

 
A solution of 0.230 g of 5,8-dihydroxybenzo[de]isochromene-1,3-dione S2, 0.150 g 
of glycine methyl ester HCl and 1.0 ml of triethylamine (TEA) in 30 ml of ethanol 
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was refluxed under argon atmosphere for 20 h. The solution was concentrated under 
reduced pressure to afford a solid residue. Recystallization from methanol and 
washing with ether afforded 0.178 g imide S4 with mp. 304–308 °C. The filtrate was 
concentrated under reduced pressure and the solid residue was recrystallized from 10 
ml of methanol to give 0.070 g of imide S4. Total yield was 0.248 g (82 %). 
   1H NMR (400 MHz, acetone-d6): δ (ppm) = 9.31 (s, OH), 7.96 (d, J = 2.3 Hz, 2H, 
naphthyl), 7.55 (d, J = 2.3 Hz, 2H, naphthyl), 4.86 (s, NCH2), 3.74 (s, OCH3); IR 
(neat): !!  (cm-1) = 3361 (OH), 1730, 1702, 1656, 1625, 1587, 1399, 1322, 1240, and 
800. 
 
2-(5,8-Dihydroxy-1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)acetic acid 
 

 
A solution of 0.230 g of 5,8-dihydroxybenzo[de]isochromene-1,3-dione S2, 0.150 g 
of glycine methyl ester HCl and 0.4 ml of TEA in 15 ml of ethanol was refluxed 
under argon atmosphere for 18 h. After cooling to room temperature a brown 
precipitate was formed. Upon addition of 1 ml of 4 N NaOH a dark red solution was 
formed which was refluxed for 1 h. The reaction mixture was concentrated under 
reduced pressure and the solid residue was dissolved in 12 ml of water. After adding 
diluted HCl (pH ≈ 2) a yellow precipitate was formed. This precipitate was filtered 
off, washed with water and dried in vacuum to give 0.258 g (90 %) of essentially pure 
glycine imide COOH-dHONI. A sample of 0.020 g was recrystallized from ethanol 
and then from acetone to get pure COOH-dHONI with mp. 325 °C (dec.). 
   1H NMR (400 MHz, DMSO-d6): δ (ppm) = 13.06 (s, 1H, COOH), 10.40 (s, 2H, 
OH), 7.81 (d, J = 2.3 Hz, 2H, naphthyl), 7.48 (d, J = 2.3 Hz, 2H, naphthyl), 4.68 (s, 
NCH2); 13C NMR (100 MHz, DMSO-d6) (APT): δ (ppm) = 169.35 (COOH), 163.02 
(CO, imide), 156.41 (COH), 135.51 (C), 122.70 (C), 118.99 (CH), 117.20 (C), 114.57 
(CH), 41.19 (NCH2); IR (neat): !!  (cm-1) = 3260 (br OH), 1615, 1581, 1393, 1321, 
1234, 933, and 880. FAB-MS (glycerol matrix): observed m/z = 288.0507 [M+H]+, 
calculated for C14H9NO6+H+: m/z = 288.0508. 

Materials 

All organic solvents were of spectroscopic grade (≥ 99.5−99.9 %) and stored over 
molecular sieves (3 Å for MeOH, 4 Å for others). The water content was checked by 
Karl Fischer titration and was ~100−200 ppm for all solvents. Buffer solutions were 
made using citric acid (99 %, Sigma-Aldrich), anhydrous Na2HPO4 (p.a., Acros), 
aqueous ammonia (28 %, VWR), and ammonium chloride (+99 %, Acros), which 
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were used without further purification. Millipore filtered water was used for all 
aqueous solutions. Quantum yields were determined using quinine sulfate (> 99 %, 
Fluka) in 0.5 M H2SO4 (aq.) as a quantum yield standard with Φf = 0.55.2,3 NaOH (≥ 
99 %) and aqueous H2SO4 (96 %, Acros) were used without further purification. 

Time-resolved measurements 

Fluorescence decays of the samples were measured using the time-correlated single 
photon counting (TCSPC) method which has been described previously.4 Briefly, the 
excitation wavelength of 360−380 nm was generated by frequency doubling of the 
output of a tunable Ti:sapphire laser (Chameleon Ultra, Coherent) and fluorescence 
was detected with a multichannel plate photomultiplier tube (R3809U-50, 
Hamamatsu) through a monochromator (M20, Carl Zeiss). The overall instrument 
response was found to be ~25 ps (fwhm) measured from a scatterer (colloidal silica, 
Ludox). 
    The fluorescence decays were fitted5 to a sum of 1 to 4 exponential functions (Eq. 
S1 with n = 1…4), convolved with the measured instrument response function. 
Goodness of the fits was judged by the residuals and the χ2 values. The global fits 
were achieved by fitting multiple decays simultaneously with global lifetimes (τi,glob). 
The decay associated spectra (DAS) were constructed by plotting the pre-exponential 
factors (αi(λ)) of each component as a function of the wavelength. The areas of the 
decays at each wavelength were normalized to the corrected steady-state emission 
intensities. 
 

 I(t,!) = "i (!)e
!
t
# i

i=1

n

"       (S1) 

 
    Nanosecond transient absorptions were measured using an in-house assembled 
setup. The excitation wavelength of 380 nm was generated using a tunable Nd:YAG-
laser system (NT342B, Ekspla) comprising the pump laser (NL300) with harmonics 
generators (SHG, THG) producing 355 nm to pump an optical parametric oscillator 
(OPO) with SHG connected in a single device. The laser system was operated at 5 Hz 
repetition rate. Probe light, running at 10 Hz, was generated using a high-stability 
short arc xenon flash lamp (FX-1160, Excelitas Technologies) with a PS302 
controller (EG&G). The probe light was split in a signal and a reference beam with a 
50/50 beam splitter and focused on the entrance slit of a spectrograph (SpectraPro-
150, Princeton Instruments). The signal beam (A = 1 mm2) was passed through a 
sample cell and overlapped with the excitation light on a 1 mm × 1 cm area, 
perpendicular to the excitation beam. The typical power in the overlapping area was 
~1.5–2.5 mJ/pulse. The reference beam was used to normalize the signal for 
fluctuations in the flash lamp intensity. Both beams were recorded with an intensified 
CCD camera (PI-MAX3, Princeton Instruments) using 2.7-10 ns gate depending on 
the time steps of the measurements. The timing was achieved with a delay generator 
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(DG535, Stanford Research Systems, Inc.). The setup was controlled with an in-house 
written program (LabView) and data were analyzed with macros implemented in 
IgorPro 6.22A (WaveMetrics, Inc.). 

Other measurements 

pH values of aqueous solutions were measured using an Orion2Star pH Benchtop, 
Thermo Scientific, and the pH meter was calibrated prior to experiments using 
standard buffer solutions (pH = 4.01, 7.00, and 10.01) from Thermo Scientific. Water 
content in the organic solvents were determined by a Karl Fischer titrator, model 831 
KF Coulometer, Metrohm. 
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Fig. S1 Absorption spectra of COOH-dHONI (c = 30 µM) at different pH values. Inset 
shows the molar fractions of the neutral and anionic forms as a function of pH. 

 

 
Fig. S2 Absorption spectra of EG-SHONI (c = 30 µM) at different pH values. Inset shows 
the molar fractions of the neutral and anionic forms as a function of pH. 
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Fig. S3 Normalized absorption and emission spectra of the neutral and anionic forms COOH-
dHONI in aqueous solutions. 

 

 
Fig. S4 Normalized absorption and emission spectra of the neutral and anionic forms EG-
SHONI in aqueous solutions. 
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Fig. S5 Normalized emission spectra of COOH-dHONI in organic solvents (λex = 360 nm). 

 

 
Fig. S6 Normalized emission spectra of EG-SHONI in organic solvents (λex = 360 nm). 
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Fig. S7 Normalized emission spectra of EG-dHONI in water at different pH values. 
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Fig. S8 Fitting of the emission spectrum of EG-dHONI in DMSO (λex = 360 nm) with a sum 
of two skewed gaussians. The residual (top) shows significant pattern in the range 550–750 
nm. The fitting parameters were Y1 = 0.56, x0_1 = 435 nm, Δx1 = 64 nm, b1 = 0.76, Y2 = 0.95, 
x0_2 = 641 nm, Δx2 = 98 nm and b2 = 0.44. Relative areas were A1 = 31 % and A2 = 69 %. 

 

 
Fig. S9 Fitting of the emission spectrum of EG-dHONI in DMSO (λex = 360 nm) with a sum 
of three skewed gaussians. The residual (top) doesn’t show any significant pattern. The fitting 
parameters were Y1 = 0.56, x0_1 = 435 nm, Δx1 = 64 nm, b1 = 0.72, Y2 = 0.24, x0_2 = 636 nm, 
Δx2 = 54 nm, b2 = 0.27, Y3 = 0.75, x0_3 = 646 nm, Δx3 = 111 nm and b3 = 0.38. Relative areas 
were A1 = 30 %, A2 = 9 % and A3 = 61 %. 
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Fig. S10 Decays of the neutral (λmon = 430 nm) and anionic (λmon = 610 nm) forms of COOH-
dHONI in DMSO. Excitation wavelength was 360 nm. 

 

 
Fig. S11 Decays of the neutral (λmon = 430 nm) and anionic (λmon = 610 nm) forms of EG-
SHONI in DMSO. Excitation wavelength was 360 nm. 
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Fig. S12 The decay associated spectra of EG-dHONI in 0.5 M H2SO4. Excitation wavelength 
was 380 nm. 

 

 
Fig. S13 The decay associated spectra of EG-dHONI at pH = 3.0. Excitation wavelength was 
380 nm. 
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Fig. S14 The decay associated spectra of EG-dHONI at pH = 6.5. Excitation wavelength was 
380 nm. 
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Fig. S15 Decays of EG-dHONI in aqueous 0.5 M H2SO4 at selected wavelengths. Excitation 
wavelength was 380 nm. 

 

 
Fig. S16 Decays of EG-dHONI at pH = 3.0 at selected wavelengths. Excitation wavelength 
was 380 nm. 
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Fig. S17 Decays of EG-dHONI at pH = 4.8 at selected wavelengths. Excitation wavelength 
was 380 nm. 
 

 
Fig. S18 Decays of EG-dHONI at pH = 6.5 at selected wavelengths. Excitation wavelength 
was 380 nm. 

100

101

102

103

104

In
te

ns
ity

 / 
co

un
ts

300025002000150010005000

Time / ps

 IRF mon = 380 nm
 mon = 460 nm
 mon = 550 nm
 mon = 610 nm

[EG-dHONI] = 40 µM at pH = 4.8

100

101

102

103

104

In
te

ns
ity

 / 
co

un
ts

300025002000150010005000

Time / ps

 IRF mon = 380 nm
 mon = 460 nm
 mon = 550 nm
 mon = 610 nm

[EG-dHONI] = 40 µM at pH = 6.5



	
   17	
  

 
Fig. S19 Nanosecond transient spectra of EG-dHONI at pH = 3.0 at selected times. 
Excitation wavelength was 380 nm. Solid black line shows the steady-state absorption 
spectrum of the anion. The negative signal at 550–800 nm originates from the emission of the 
anionic form. 

 

 
Fig. S20 Nanosecond transient spectra of EG-dHONI at pH = 5.0 at selected times. 
Excitation wavelength was 380 nm. Solid black line shows the steady-state absorption 
spectrum of the anion. The negative signal at 550–800 nm originates from the emission of the 
anionic form. 
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Fig. S21 Nanosecond transient spectra of EG-dHONI at pH = 7.0 at selected times. 
Excitation wavelength was 380 nm. Solid black line shows the steady-state absorption 
spectrum of the anion. The negative signal at 550–800 nm originates from the emission of the 
anionic form. 
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Scheme S1 Different forms of 3,6-dihydroxy-1,8-naphthalimide and naphthalic anhydride 
together with the absorption maxima at different pH values. Values shown in blue refer only 
to the anhydride. 
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Fig. S22 Frontier orbitals of SHONI calculated on ground-state geometry with PBE0/TZ2P 
level of theory. 

 
 

 
Fig. S23 Frontier orbitals of 5CNHONI calculated on ground-state geometry with 
PBE0/TZ2P level of theory. 

 
 

 
Fig. S24 Frontier orbitals of 6CNHONI calculated on ground-state geometry with 
PBE0/TZ2P level of theory. 
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