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Excited-State Intramolecular Proton Transfer

Photobleaching tests were performed by doing repeated emission scans of the samples in 3-minute intervals.

The computer codes ORCA [START_REF] Neese | Software update: the ORCA program system, version 4.0[END_REF] and Gaussian09 Revision A.02 [START_REF] Frisch | Gaussian[END_REF] were used in DFT and TD-DFT calculations.

Data format Raw

Parameters for data collection UV-Vis and fluorescence spectra of 3HF and • TD-DFT calculations of UV-Vis and fluorescence spectra (in vacuum and in MeCN) of 3HF and 7HF both in neutral, tautomeric, anionic, cationic forms are reported. They can be useful in the interpretation of experimental absorption and fluorescence spectra of 3HF and 7HF and in the assessment of environmental effects on these spectra.

• TD-DFT simulation of electronic spectra and DFT simulation of vibrational spectra of 3HF and 7HF in vacuum and in MeCN can be useful in the interpretation of experimental FTIR and Raman spectra of 3HF and 7HF and in the assessment of environmental effects on these spectra.

Data description

3HF and 7HF are fluorescent molecules widely used in biophysics and analytical chemistry [START_REF] Protti | Any colour you like. Excited state and ground state proton transfer in flavonols and applications[END_REF][START_REF] Mezzetti | Flavonols and 3-hydroxychromones: new applications for a class of environment-sensitive fluorescent molecules[END_REF][START_REF] Serdiuk | 7-hydroxyflavone Revisited: Spectral, Acid-Base Properties, And Interplay of the Protolytic Forms in the Ground and Excited States[END_REF]. In this work and in the related research article [START_REF] Landström | Fluorescent silica MCM-41 nanoparticles based on flavonoids: Direct post-doping encapsulation and spectral characterization[END_REF] the fluorescence properties of these two flavonoids inside MCM-41 silica NPs have been studied. The spectra presented here focus first on the effect of air exposure on the emission properties of the NPs. Figures 1 and2 show the UV-Vis spectra after 2 months of air exposure. Only minimal changes are observed compared to the spectra recorded on freshly-prepared NPs (reported in [START_REF] Landström | Fluorescent silica MCM-41 nanoparticles based on flavonoids: Direct post-doping encapsulation and spectral characterization[END_REF]). In Figures 3 and4 the emission spectra of aged flavonoid-doped NPs are reported. These two figures show that both kind of NPs remain fluorescent. For 3HF-doped aged NPs a slight attenuation of the fluorescent intensity is observed compared to freshly-prepared 3HF-doped NPs [START_REF] Landström | Fluorescent silica MCM-41 nanoparticles based on flavonoids: Direct post-doping encapsulation and spectral characterization[END_REF], without almost any modification of the spectral shape. For 7HF-doped NPs, 2 months of air exposure modify quite strongly the shape of the emission spectra.

Figures 5 and6 show the effect of UV irradiation exposure of the fluorescent properties of the two kinds of flavonoid-doped NPs. For a comparison, Figures 7 and8 show the same kind of experiment for 3HF and 7HF in MeCN solutions. Figure 8 shows that for 7HF in MeCN UV exposure lead to an increase of emission at ~375 nm.

Table 1 reports the results of TD-DFT calculations used to simulate absorption and fluorescence spectra of 3HF and 7HF in different forms (neutral, tautomeric, anionic, cationic). The results obtained in gas phase and in MeCN are compared.

Table 2 contains the most intense bands in the computed IR and Raman spectra of 3HF and 7HF in neutral and tautomeric forms; also in this case results obtained in gas phase and in MeCN are compared.

Figure 9 helps to better understand data reported in Tables 1 and2. 1 and2 that exist in two forms.

Experimental Design, Materials and Methods

Chemicals. 3HF and 7HF were purchased from Sigma-Aldrich and recrystallized from cyclohexane. Acetonitrile (MeCN) for post-doping procedure was of spectroscopic grade.

Fluorescence analysis were carried out using anhydrous MeCN.

Synthesis of silica NPs. MCM-41 NPs were prepared by following the protocol of Ref. [START_REF] Meynen | Verified syntheses of mesoporous materials[END_REF].

An aqueous solution of cetyltrimethylammonium bromide (CTAB), mixed with aqueous ammonia was left under stirring at a constant temperature of 35°C. Then tetraethyl orthosilicate (TEOS) was added. The TEOS/CTAB/NH4OH mixture was left at 35°C for 2 hours. Then, the system was transferred to a tightly sealed Teflon bottle placed in a drying oven at 100°C and left under autogenous pressure overnight. After filtration, the final step was the removal of CTAB within the pores of the MCM-41 by calcination: the solid sample was placed in a crucible in a programmable calcination oven under ambient air and the temperature was increased from 20 to 300°C in 2 ½ hours. Then the temperature was kept constant at 300°C for 2 hours. Subsequently, temperature was increased from 300 to 550°C in 2 hours. Then the temperature was kept constant at 550°C for 12 hours.

Preparation of flavonoid-doped NPs MCM-41 NPs were added to 10 -3 M MeCN solutions of 3HF and 7HF. Samples were stirred for 5 minutes, centrifuged for 45 minutes at 4000 rpm to separate the solid (containing MCM-41 matrix with the flavonoids encapsulated). The solid was then exposed to air for 48h in a Petri dish to let the solvent evaporate.

UV-Vis spectra of flavonoid-doped NPs were recorded with an Agilent Cary5000

spectrophotometer. An integrating sphere was used to record reflectance; spectra were obtained through Kubelka-Munk transform. Theoretical calculations. Density functional theory (DFT) [START_REF] Hohenberg | Inhomogenous electron gas[END_REF] and time-dependent DFT [START_REF] Runge | Density-functional theory for time-dependent systems[END_REF] calculations were carried out on both flavonoids in different states (neutral, tautomer, anion, cation). DFT was used to calculate the ground-state S0 geometries and vibrational spectra;

Steady

TD-DFT for absorption and fluorescence spectra, the latter in the first singlet state S1. We employed the B3LYP [START_REF] Kim | Comparison of density functional and MP2 calculations on the water monomer and dimer[END_REF] as the approximation in the exchange-correlation functional. The basis set cc-pVTZ in the calculation of the vibrational spectra and aug-cc-pVTZ in the calculations of TDDFT were used unless otherwise mentioned. The calculations have been performed with a free-standing molecule and using implicit solvation within the conductorlike polarisable continuum model (CPCM) [START_REF] Barone | Quantum calculation of molecular energies and energy gradients in solution by a conductor solvent model[END_REF] for MeCN.

The computer codes ORCA [START_REF] Neese | Software update: the ORCA program system, version 4.0[END_REF] and Gaussian09 Revision A.02 [START_REF] Frisch | Gaussian[END_REF] were employed. We applied large integration grids and strict convergence criteria, "Grid5" and "tight SCF" in the input of ORCA and "Integral(UltraFine)" in the input of G09.

  Photostability of flavonoids TD-DFT calculations on absorption and fluorescence spectra of flavonoids

  photodecomposition in the emission properties of MCM-41 flavonoid-doped NPs and of flavonoid solutions in MeCN.

Figure 1 .Figure 2 .

 12 Figure 1. F(R) spectrum (approximately equivalent to UV-Vis absorbance spectrum) of aged (2 months of air exposure at 298K) 3HF-doped MCM-41 NPs. F(R) spectrum of freshlyprepared 3HF-doped MCM-41 NPs is shown in Fig. 3 of the related research paper [6]. F(R) is the Kubelka-Munk transform of the reflectance R, F(R) = (1-R) 2 /2R

Figure 3 .

 3 Figure 3. Fluorescence spectrum (λexc = 320 nm) of aged (2 months of air exposure at 298K) 3HF-doped MCM-41 NPs. The fluorescence spectrum of freshly-prepared 3HF-doped MCM-41 NPs is shown in Fig. 3 of the related research paper [6].

Figure 4 .Figure 5 .

 45 Figure 4. Fluorescence spectrum (λexc = 300 nm) of aged (2 months of air exposure at 298K) 7HF-doped MCM-41 NPs. The fluorescence spectrum of freshly-prepared 7HF-doped MCM-

Figure 6 .

 6 Figure 6. Fluorescence spectra (λexc = 300 nm) of freshly-prepared 7HF-doped MCM41 NPs after different period of UV light (λ = 300 nm) exposure. Spectra were recorded every 3 minutes. Intensity decreases with time, as indicated by the red arrow.

Figure 7 .

 7 Figure 7. Fluorescence spectra (λexc = 320 nm) of 3HF an areated MeCN solution after different period of UV light (λ = 320 nm) exposure. Intensity decreases with UV exposure time, as shown by the black arrow. Spectra were recorded every 3 minutes.

Figure 8 .

 8 Figure 8. Fluorescence spectra (λexc = 300 nm) of 7HF in an aerated MeCN solution after different period of UV light (λ = 300 nm) exposure. Spectra were recorded every 3 minutes. The ~525 nm band decreases its intensity with exposure time, the ~375 nm band increases its intensity with exposure time, as shown by the black arrows.

Figure 9 .

 9 Figure 9. The structure of the species mentioned in Tables1 and 2that exist in two forms.

  -state photoluminescence spectra of flavonoid-doped NPs were recorded with Edinburgh instruments FLS980 spectrofluorimeter. A Xenon arc lamp was used as excitation source. Photobleaching tests were performed by doing repeated emission scans of the samples in 3-minute intervals. UV-Vis absorption spectra in MeCN solutions were carried out on a Jasco V-550 spectrophotometer or on a Agilent Cary 5000 spectrophotometer. Fluorescence spectra of MeCN solution were carried out on a Perkin Elmer LS-55 spectrofluorometer or on an Edinburgh instruments FLS980 spectrofluorimeter. Photobleaching tests were performed by doing repeated emission scans of the samples in 3-minute intervals.

  

  

Table 1 :

 1 energy of the absorption and fluorescence spectra of the different species in gas phase and in acetonitrile. Energy is first given in eV, then in nm. For absorbance transitions, the third row indicates the intensity.

	3HF neutral
	free/gas phase

Table 2 .

 2 Main IR and Raman bands for 3HF and 7HF in the neutral and tautomeric forms.First column, energy in cm -1 ; second column, IR relative intensity; third column, Raman relative intensity.

		1.50
	(nm) 829
		in MeCN
	Absorbance (eV)	2.89 3.70 3.86 3.95 4.08 4.31 4.36 4.46 4.63 4.68
	(nm) 429 335 321 314 304 288 285 278 268 265
	Intensity	0.193 0.0 0.003 0.032 0.020 0.278 0.017 0.366 0.306 0.012
	Fluorescence (eV)	2.19
	(nm) 565
		7HF cation 1
		free/gas phase
	Absorbance (eV)	3.35 3.42 3.82 4.31 4.81 4.85 5.02 5.33 5.44 5.51
	(nm) 370 363 325 288 258 256 247 233 228 225
	Intensity	0.587 0.014 0.031 0.107 0.092 0.078 0.059 0.191 0.003
	Fluorescence (eV)	3.00
	(nm) 413
		in MeCN
	Absorbance (eV)	3.35 3.72 3.84 4.29 4.92 5.07 5.10 5.36 5.45 5.70
	(nm) 370 334 323 289 252 244 243 231 228 217
	Intensity	0.653 0.017 0.119 0.083 0.178 0.206 0.038 0.041 0.173 0.133
	Fluorescence (eV)	2.94
	(nm) 421
		7HF cation 2
		free/gas phase
	Absorbance (eV)	3.33 3.49 3.75 4.24 4.83 4.92 5.08 5.33 5.48 5.58
	(nm) 372 355 330 292 256 252 244 232 226 222
	Intensity	0.496 0.012 0.144 0.040 0.140 0.050 0.16 0.071 0.114 0.009
	Fluorescence (eV)	2.74
	(nm) 453
		in MeCN
	Absorbance (eV)	3.34 3.73 3.82 4.27 4.93 5.08 5.13 5.38 5.47 5.70
	(nm) 371 332 325 290 252 244 242 231 227 217
	Intensity	0.607 0.037 0.138 0.094 0.169 0.248 0.019 0.042 0.148 0.117
	Fluorescence (eV)	2.89
	(nm) 428
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