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UV photofragmentation of cold Cytosine-M + complexes (M + : Na + , K + , Ag + )

The UV-photofragmentation spectra of cold Cytosine-M + complexes (M + : Na + , K + , Ag+) were recorded and analyzed through comparison with geometry optimizations and frequency calculations of the ground and excited states at the SCS-CC2/Def2-SVPD level of theory. While in all complexes, the ground state minimum geometry is planar (Cs symmetry), the * state minimum geometry has the NH2 group slightly twisted and an out-of-plane metal cation. This was confirmed by comparing the simulated * Franck-Condon spectra with the vibrationally resolved photofragmentation spectra of CytNa + and CytK + . Vertical excitation transitions were also calculated to evaluate the energies of the CT states involving the transfer of an electron from the Cyt moiety to M + . For both CytK + and CytNa + complexes, the first CT state corresponds to an electron transfer from the cytosine aromatic  ring to the antibonding * orbital centered on the alkali cation. This * state is predicted to lie much higher in energy (> 6 V) than the band origin of the * electronic transition (around 4.3 eV) unlike what is observed for CytAg + complex for which the first excited state has a nO* electronic configuration. This is the reason for the absence of the Cyt + + M charge transfer fragmentation channel for CytK + and CytNa + complexes.

INTRODUCTION

Purine and pyrimidine bases (Adenine, Guanine, Thymine and Cytosine) are the building blocks of DNA. The DNA damage upon UV photoexcitation is an important cause for mutagenic effects in biological systems [START_REF] Schreier | Early Events of DNA Photodamage[END_REF][START_REF] Pfeifer | Mutations Induced by Ultraviolet Light[END_REF][START_REF] Bera | Radicals Derived from the Guanine•cytosine Base Pair Cause DNA Subunit Lesions[END_REF][START_REF] Boudaı̈ffa | Resonant Formation of DNA Strand Breaks by Low-Energy (3 to 20 eV) Electrons[END_REF] and further possible development of different types of cancer. 5- 7 A useful strategy to understand these processes is a bottom-up approach by means of studying the excited state photodynamics of the building blocks. [START_REF] Ullrich | Electronic Relaxation Dynamics in DNA and RNA Bases Studied by Time-Resolved Photoelectron Spectroscopy[END_REF][START_REF] Serrano-Andrés | Are the Five Natural DNA/RNA Base Monomers a Good Choice from Natural Selection?: A Photochemical Perspective[END_REF][START_REF] Barbatti | Relaxation Mechanisms of UV-Photoexcited DNA and RNA Nucleobases[END_REF][START_REF] Middleton | DNA Excited-State Dynamics: From Single Bases to the Double Helix[END_REF][START_REF] Improta | Quantum Mechanical Studies on the Photophysics and the Photochemistry of Nucleic Acids and Nucleobases[END_REF][START_REF] Berdakin | Excited States of Protonated DNA/RNA Bases[END_REF][START_REF] Kleinermanns | Excited State Dynamics of DNA Bases[END_REF][START_REF] Boldissar | How Nature Covers Its Bases[END_REF][START_REF] Gustavsson | DNA/RNA: Building Blocks of Life Under UV Irradiation[END_REF] It is also known that the interaction of the DNA bases with cations (H + or metal cations M + ) can induce the formation of non-canonical structures [START_REF] Lippert | Promotion of Rare Nucleobase Tautomers by Metal Binding[END_REF][START_REF] Cristofari | Driven Conformational Switch between Non-Canonical DNA Structures in a C-Rich Domain of EGFR Promoter[END_REF][START_REF] Berdakin | Gas Phase Structure of Metal Mediated (Cytosine)2Ag + Mimics the Hemiprotonated (Cytosine)2H + Dimer in i-Motif Folding[END_REF][START_REF] Berdakin | Effect of Ag + on the Excited-State Properties of a Gas-Phase (Cytosine)2Ag + Complex: Electronic Transition and Estimated Lifetime[END_REF] as well as to facilitate proton transfer (PT) reactions within base pairs. [START_REF] Sponer | Interaction of Metal Cations with Nucleic Acids and Their Building Units[END_REF][START_REF] Cruz-Ortiz | Fingerprints of Both Watson-Crick and Hoogsteen Isomers of the Isolated (Cytosine-Guanine)H + Pair[END_REF] During the last years we have studied the UV spectroscopy and excited state dynamics of protonated DNA bases [START_REF] Berdakin | Excited States of Protonated DNA/RNA Bases[END_REF][START_REF] Broquier | Excited State Dynamics of Cold Protonated Cytosine Tautomers: Characterization of Charge Transfer, Intersystem Crossing, and Internal Conversion Processes[END_REF][START_REF] Féraud | Excited States of Proton-Bound DNA/RNA Base Homodimers: Pyrimidines[END_REF] as well as the effect of substituting H + by Ag + on the structure and reactivity of Cytosine and its dimeric form. [START_REF] Berdakin | Gas Phase Structure of Metal Mediated (Cytosine)2Ag + Mimics the Hemiprotonated (Cytosine)2H + Dimer in i-Motif Folding[END_REF][START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF][START_REF] Berdakin | Effect of Ag+ on the Excited-State Properties of a Gas-Phase (Cytosine)2Ag + Complex: Electronic Transition and Estimated Lifetime[END_REF] In this regard, it was recently shown that the first excited state of CytAg + complex is a charge transfer (CT) state in which an electron from a nO orbital of Cyt is transferred to a * orbital on Ag + . The excitation of the complex to the nO* state at 3.93 eV leads to ionized cytosine Cyt + and neutral Ag fragments. [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] Since ionization of DNA bases could induce PT reactions by reducing the energy barrier, [START_REF] Bertran | Proton Transfer in DNA Base Pairs[END_REF][START_REF] Nir | Pairing of Isolated Nucleic-Acid Bases in the Absence of the DNA Backbone[END_REF] the presence of CT states producing Cyt + at low excitation energies could alter the fidelity of DNA inducing mutagenic effects. [START_REF] Li | Tautomerism Provides a Molecular Explanation for the Mutagenic Properties of the Anti-HIV Nucleoside 5-Aza-5,6-Dihydro-2'-Deoxycytidine[END_REF][START_REF] Wang | Structural Evidence for the Rare Tautomer Hypothesis of Spontaneous Mutagenesis[END_REF] Moreover, the ground state fragmentation of CytAg + by infrared multiphoton dissociation (IRMPD) produces HNCO loss as the only fragmentation channel [START_REF] Berdakin | On the Ag + -Cytosine Interaction: The Effect of Microhydration Probed by IR Optical Spectroscopy and Density Functional Theory[END_REF] at variance with the fragmentation by IRMPD of CytM + complexes (M = Li, Na, K, Rb, Cs) for which the only fragmentation channel was the neutral Cyt loss. [START_REF] Yang | IRMPD Action Spectroscopy of Alkali Metal Cation--Cytosine Complexes: Effects of Alkali Metal Cation Size on Gas Phase Conformation[END_REF] Considering this difference and the remarkable CT character of the first excited state of CytAg + , the goal of this work was to study the effect of some of the two most abundant metal cations in biological systems, e.g. Na + and K + on the UV photofragmentation of the CytNa + and CytK + complexes as compared to CytAg + by means of photofragmentation spectroscopy of cold ions.

EXPERIMENTAL AND THEORETICAL METHODS

The experiments have been conducted at the Centre Laser of the Université Paris-Sud (CLUPS) in Orsay. The experimental setup has been previously presented [START_REF] Broquier | A Comprehensive Study of Cold Protonated Tyramine: UV Photodissociation Experiments and Ab Initio Calculations[END_REF] and is briefly summarized here. It comprises an electrospray ion source (ESI), a 3D-quadrupole ion trap QIT (Jordan TOF, Inc.) mounted on a cold head of a compressed helium cryostat (CH-204S, Sumitomo) that maintains the temperature of the trap around 10-15 K, and a linear time-of-flight mass spectrometer (TOF-MS). The complexes of interest are produced in the ESI source from a water/methanol solution (50/50 by volume) of Cytosine and alkali salt (NaCl and KI) or AgNO3 at 100 µM. The complexes are first stored in an octupole trap for 100 ms and then extracted, mass-selected and transferred into the 3D-QIT where they are thermalized through collisions with helium buffer gas introduced by a pulsed valve (General valve, series 9) a few ms before the entrance of the ions. Two UV lasers were used for the photodissociation of the ions, either a ps OPA laser (EKSPLA PG 411) with 8 cm -1 bandwidth and 16 ps time resolution, or the output of a frequency doubled ns dye laser (Quantel TDL 90) whose resolution is 0.2 cm -1 . Both lasers operated at 10 Hz and are triggered at least 40 ms after the entrance of the ions in the QIT to ensure their complete cooling and pumping of the buffer gas. All of the ionic fragments and remaining parent ions are extracted and accelerated for mass analysis in the linear TOF-MS and finally detected by microchannel plates (Z-Gap, Jordan TOF, Inc.). The resonant absorption of the UV laser is observed by monitoring the appearance of the ionic fragments at lower masses. In case of CytNa + , because of the low m/z cut-off of the Paul Trap, the photofragment sodium cation cannot be trapped in the QIT along with the parent ions, so the ions are immediately extracted from the trap (within 1 µs) after interaction with the laser. For CytK + , the potassium cation is stored, and we did not observe any other photofragment even at long fragmentation delays up to 30 ms after laser excitation. For CytAg + , the main photofragment at all excitation wavelengths is the cytosine cation Cyt + along with Ag + and loss of 43 Da (HNCO loss) from the CytAg + complex as minor fragments. Action spectra are recorded by scanning the laser frequency and monitoring the cationic alkali signal normalized by the intensity of laser and the parent ion signal.

The equilibrium geometries and the vibrational frequencies of the complexes in their ground and excited states were calculated with TURBOMOLE package (v6.6) [START_REF]TURBOMOLE V6.6. a development of University of Karlsruhe and Forschungszentrum Karlsruhe GmbH[END_REF] at SCS-CC2 [START_REF] Grimme | Improved Second-Order Møller-Plesset Perturbation Theory by Separate Scaling of Parallel-and Antiparallel-Spin Pair Correlation Energies[END_REF] level of theory, making use of resolution of identity (RI) [START_REF] Ahlrichs | Efficient Evaluation of Three-Center Two-Electron Integrals over Gaussian Functions[END_REF] and Karlsruhe "def2" split valence polarization basis set with diffuse functions (Def2-SVPD). [START_REF] Weigend | Accurate Coulomb-Fitting Basis Sets for H to Rn[END_REF] In particular, the split-component scaled approach (SCS) was applied since it improves the accuracy of CC2 calculations for the charge transfer states. [START_REF] Hellweg | Benchmarking the Performance of Spin-Component Scaled CC2 in Ground and Electronically Excited States[END_REF] The calculated vibrationally-resolved electronic spectra were obtained with the PGOPHER spectra simulator package [START_REF] Western | A Program for Simulating Rotational, Vibrational and Electronic Spectra[END_REF] using the calculated frequencies of the ground and excited states. For sake of comparison, the simulation was performed at 0 K and using a convoluted with a gaussian function of 8 cm -1 (full-width at half-maximum FWHM).

RESULTS AND DISCUSSION

The UV photofragmentation of the CytNa + and CytK + complexes result in the formation of neutral cytosine and the corresponding alkali cation Na + and K + at m/z 23 and 39, respectively. It is worthy to note that Na + and K + are the only fragments obtained upon laser irradiation and no other ionic fragment, in particular the cytosine cation, was observed. This is at opposite to the result found for the CytAg + complex, in which the complex is excited to a charge transfer (CT) state from where it dissociates to Cyt + as the main ionic fragment. [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] However, the present result is consistent with those reported by Rodgers and co-workers on the ground state fragmentation of the same alkali complexes induced by multiple photon dissociation (IRMPD). [START_REF] Yang | IRMPD Action Spectroscopy of Alkali Metal Cation--Cytosine Complexes: Effects of Alkali Metal Cation Size on Gas Phase Conformation[END_REF] This similarity strongly suggests that upon UV excitation, the complexes undergo internal conversion to the ground state followed by statistical fragmentation. The vibrationally-resolved UV photofragmentation spectra of both complexes shown in Figure 1 were recorded in the spectral range of 34500 to 36500 cm -1 . Above this excitation energy, the vibronic spectra are unresolved, exhibiting a broad absorption band decaying in intensity until 40 000 cm -1 . The 00 0 transition of CytNa + is detected at 35028 cm -1 (4.34 eV). The band origin (BO) has the largest intensity among the other vibronic transitions, revealing the good overlap between the vibrational wave functions of the ground and excited states, thus small geometry changes between the equilibrium structures of both states. For CytK + complex, the 0 0 0 band is found at 34707 cm -1 (4.30 eV) but at variance with CytNa + , the BO is not the most intense vibronic transition, suggesting a larger equilibrium geometry difference between the ground and excited states.

Scheme 1 Atom numbering of the Cyt-M + , cytosine in its keto-amino form.

The most stable form of the ground state geometries of all complexes is planar (Cs symmetry), containing the keto-amino tautomer of cytosine in which the metal cation simultaneously interacts with the carbonyl oxygen O7 and the nitrogen N3 atoms (see scheme 1) in agreement with a previous report by Rodgers and co-workers. [START_REF] Yang | IRMPD Action Spectroscopy of Alkali Metal Cation--Cytosine Complexes: Effects of Alkali Metal Cation Size on Gas Phase Conformation[END_REF][START_REF] Yang | Tautomerization in the Formation and Collision-Induced Dissociation of Alkali Metal Cation-Cytosine Complexes[END_REF] For the alkali complexes, geometry optimization of the first excited state which corresponds to a * transition also led to planar structure for both complexes. Nevertheless, they exhibited two imaginary frequencies indicating that they do not correspond to true minima of the excited state PES. The modes associated to the imaginary frequencies correspond to twist motion of the NH2 group and out-of-plane motion of the metal cation. A re-optimization of this structure starting with a small geometry distortion along the pyrimidinic out-of-plane motion finally lead, in both complexes, to true minima of the PES whose structures exhibit a slightly out-of-plane metal cation and small twist of the NH2 group. Figure 2 shows the optimized structures of the S1 * excited states for CytNa + and CytK + , the most relevant structural parameters (interatomic distances and dihedral angles) are reported in Table 1. As it was presumed from the photofragmentation spectra (Fig. 1), a larger geometry distortion from the planar Cs structure is found for CytK + than for CytNa + . The calculated vertical (Ev) and adiabatic (Ead) transition energies to the most relevant excited states for the photophysics of all complexes are shown in Table 2, together with the experimental energy for the 00 0 bands. In addition, the corresponding information for the CytAg + complex is also reported for comparison. In all cases, adiabatic energies were corrected by difference in the zero-point energy between the ground and excited states (ZPE), allowing a direct comparison with the experimental BOs. The calculated adiabatic energies of the first excited states are in very good agreement with the experimental values of the three complexes, been the difference between the calculated and the experimental values as small as 0.7% for CytNa + , 1.2% for CytK + and 1.3 % for CytAg +. Frequency calculations for the ground and excited states equilibrium geometries were used to simulate the vibronic spectra of both complexes. The comparison of the calculated and experimental photofragmentation spectra is shown in Figure 3. The active modes for both complexes are shown in Figure SI 1. For both complexes, the first two out-of-plane 1 and 2 modes which involve twist motion of the amino group have the strongest Franck-Condon activities, while a second set of vibronic progression is built from the in-plane 12 modes at 532 cm -1 and 528 cm -1 for CytNa + and CytK + , respectively. For the 2 mode, the alkali cation also shows an in-plane translation. The intensities of the two out-of-plane modes are stronger in CytK + than in CytNa + , in agreement with the larger structural deviation from the Cs structure in the former. In overall, the vibronic spectra are satisfyingly reproduced at this level of theory for both complexes, confirming that the locally excited * state has a slightly bent structure with the alkali atom out of the plane of cytosine. A close inspection to the spectra shows that each band is slightly broader than the bandwidth of the picosecond laser (full width at half maximum, FWHM = 8 cm -1 ). Thus, to get more information on the origin of this broadening the first 600-1000 cm -1 of each spectrum was also recorded with a nanosecond dye laser (FWHM = 0.2 cm -1 ) and a comparison of both is shown in Figure SI 2. The vibronic spectra recorded with the high-resolution UV laser exhibit similar transition widths for both complexes, revealing an homogeneous broadening in both complexes.

The bandwidth for each 00 0 band is larger than the broadening due to the rotational contour at 20 K (fitted with a Gaussian function of 2 cm -1 width) as expected and observed in systems with similar rotational constants. [START_REF] Nieuwjaer | Photodissociation Spectroscopy of Cold Protonated Synephrine: Surprising Differences between IR-UV Hole-Burning and IR Photodissociation Spectroscopy of the O-H and N-H Modes[END_REF] Besides, the vibronic transitions become even broader when the first out-of-plane modes (1 and 2) are excited (See Figure SI 1 for the vibrational modes assignment). The lifetime broadening (LTB), reported in Table 3 is estimated from the width of the Gaussian function used to fit the vibronic transitions, which is at least twice larger than the expected value (2 cm -1 ). These LTBs are used to obtain an estimation of the excited state lifetimes () of each vibronic state according to the following relationship:

𝐿𝑇𝐵 (𝑐𝑚 -1 ) > (2 𝜋 𝑐 𝜏) -1 = 5.3 𝑥 10 -12 𝜏(𝑠) ( 1 
)
where c is the speed of the light in vacuum.

Table 3 shows that the excited state lifetimes at the band origin is 1.2 and 1.3 ± 0.2 ps for CytNa + and CytK + , respectively and it is significantly reduced upon excitation of the 1 and 2 out-of-plane modes. It is noteworthy that no further broadening as compared to the band origin is observed following excitation of the 12 in-plane mode at about 530 cm -1 in both complexes.

The short excited state lifetimes estimated for these complexes together with the specificity on the out-of-plane modes strongly suggests that the main deactivation process is the internal conversion to the ground state and that the out-of-plane motion couples both states, as it has been already observed in other related systems. [START_REF] Broquier | Excited State Dynamics of Cold Protonated Cytosine Tautomers: Characterization of Charge Transfer, Intersystem Crossing, and Internal Conversion Processes[END_REF][START_REF] Blancafort | Singlet Excited-State Dynamics of 5-Fluorocytosine and Cytosine: An Experimental and Computational Study[END_REF][START_REF] Sobolewski | Photophysics of Malonaldehyde: An Ab Initio Study[END_REF][START_REF] Sobolewski | On the Mechanism of Rapid Non-Radiative Decay in Intramolecularly Hydrogen-Bonded π Systems[END_REF][START_REF] Zgierski | Ab Initio Study of a Biradical Radiationless Decay Channel of the Lowest Excited Electronic State of Cytosine and Its Derivatives[END_REF][START_REF] Merchán | Ultrafast Internal Conversion of Excited Cytosine via the Lowest ππ* Electronic Singlet State[END_REF] The previous UV photofragmentation spectrum of the CytAg + complex was recorded in a MS2 scheme, the CytAg + complex being issued from the photodissociation of the Cyt2Ag + complex at 273 nm. [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] In this work, the CytAg + is directly produced in the ESI source and is thus transferred in the cold QIT where cold ion spectroscopy is performed. (Figure SI 3). Interestingly, the two spectra do not significantly differ from each other. The onset of the photofragmentation for cold CytAg + complex is found at 31665 cm -1 (3.92 eV), [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] which is ~ 0.4 eV lower than the 00 0 bands of the first excited states of CytNa + and CytK + complexes. The adiabatic * transition of CytAg + lies in the range of 4.25-4.32 eV, i.e. in the same spectral region that the first excited * state of CytNa + and CytK + . This also suggests that the first excited states of the CytNa + and CytK + complexes studied in this work considerably differs from the first excited state of CytAg + .

A close inspection to Table 2 shows that the first excited state for the later complex is a CT (nO*) state, in which one electron from a lone pair orbital nO of the O7 atom of Cyt is promoted to the * orbital localized on the Ag + moiety. On the contrary, the first excited state of CytNa + and CytK + is a * state, consequently the electron remains on the Cyt moiety. In these latter cases, the first CT involving the transfer of the electron from Cyt to Na + / K + is the forth excited state (*) located 1.5 eV higher than the bright * state. The other CT states with nO* or nN* electronic configurations lie even higher in energy.

Also related to this fact, the other main difference between CytNa + , CytK + and CytAg + complexes is the fragmentation pattern upon UV excitation. From the BO (4.3 eV) to the shortest excitation wavelength used in this work (210 nm, 5.9 eV, spectrum not shown), CytNa + and CytK + dissociate to Cyt and Na + or K + , respectively, while the CytAg + complex fragments to the CT dissociation channel Cyt + and Ag even at low excitation energy of 3.9 eV.

The dissociation energy threshold (Eth) for the CT dissociation channel can be estimated by Equation 2:

𝐸 𝑡ℎ ≥ 𝐼𝑃 𝐶𝑦𝑡 -𝐼𝑃 𝑀 + 𝐸 𝑏 (𝑆 0 ) (2) 
where IPCyt corresponds to the ionization potential of Cyt (8.73 eV), [START_REF] Lobsiger | The Adiabatic Ionization Energy and Triplet T1 Energy of Jet-Cooled Keto-Amino Cytosine[END_REF] IPM is the ionization potentials of the metal atoms and Eb(S0) stands for the ground state binding energy of the complexes. [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF][START_REF] Yang | IRMPD Action Spectroscopy of Alkali Metal Cation--Cytosine Complexes: Effects of Alkali Metal Cation Size on Gas Phase Conformation[END_REF] All values are reported in Table 4 together with the calculated value of Eth. The energy threshold Eth leading the Cyt + ionic fragment in CytAg + (4.01 eV) is predicted in the same energy range yet slightly higher than the adiabatic excitation energy of the S1 (nO*) calculated at 3.98 eV. The onset of the fragmentation spectrum of CytAg + is observed at 3.93 eV, with a long and bell-shape vibronic progression, which precludes the accurate determination of the 00 0 transition (see Fig SI4). The simulated Franck-Condon spectrum of the S1 nO* state of CytAg + is reported in Figure SI 4. Since the complex keeps the Cs planar structure in the optimized nO* excited state, only the in-plane vibrational modes in combination with even quanta of out-of-plane bending modes are active. Such symmetry restriction leads to a rather simple vibronic spectrum in the first 500 cm -1 above the band origin, at odds with the experimental spectrum. A dense manifold of close lying vibronic transition as experimentally observed can be found at higher excitation energy, from 1000-1500 cm -1 above the band origin.

As shown in

This suggests that the band origin of the nO* state might be located slightly below the energy Eth, impeding the dissociation of the complex near the band origin. Finally, the binding energy of the complex is calculated at 2.86 eV, [START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] but as already mentioned in ref 25, the ionic Ag + fragment is barely detected even through excitation of the strong -* transition. This implies that internal conversion from both n* and * excited states to the ground state has a very low quantum yield, otherwise silver cation would have been detected as photofragment.

CONCLUSIONS

The UV photofragmentation spectra of cold CytNa + and CytK + complexes were recorded and compared to the one of CytAg + . Both the spectroscopy and the photofragmentation channels differ for the alkali complexes, the only fragmentation channel being the alkali cation Na + /K + without involvement of charge transfer from the cytosine to the metal cation. The first excited state for these alkali complexes is a * state. Ground and excited state optimizations at the SCS-CC2 level of theory were performed. The calculations show that in the first excited state of both complexes, the alkali cation lies out-of-plane of the cytosine which has the NH2 group slightly twisted. Both the simulated Franck-Condon spectra and the adiabatic transition energies to the first excited state (ππ*) are in good agreement with the experimental values. Unlike CytAg + , the energy of the CT states involving the transfer of an electron from the Cyt moiety to M + for both CytK + and CytNa + complexes were not experimentally observed, putting a lower limit of 5.9 eV for the first CT state. Therefore, unlike what happens with Ag + , the interaction of Cyt with these alkali metal cations (Na + and K + ) does not lead to the Cyt radical cation following photoexcitation at low energy UV photons. It is thus suggested that the alkali cations do not induce any photo damage process in DNA.
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Figure 1 .

 1 Figure 1. UV photodissociation spectra of CytNa + (top) and CytK + (bottom) recorded with a mid-resolution (8 cm -1 ) ps OPO laser.

Figure 2 .

 2 Figure 2. S1 optimized structures and molecular orbitals involved in excited states of CytNa + , CytK + and CytAg + .

Figure 3 :

 3 Figure 3: Comparison of the experimental and simulated vibronic spectra of (a) CytNa + and (b) CytK + .

Table 1 :

 1 interatomic distance (Å) and dihedral angle (deg) of the optimized structures of Cyt-M + (M: Na, K, Ag) in the ground and excited electronic states.

		Na + …Cyt	K + …Cyt		Ag + …Cyt	
		S0 (Cs)	*	S0 (Cs)	*	S0 (Cs)	n* (Cs)	*
	N3…M	2.466	2.351	2.874	2.738	2.287	2.259	2.195
	O7…M	2.234	2.374	2.558	2.74	2.394	2.170	2.514
	O7C2N3M	0	-4	0	-7.4	0	0	1
	H1N8C4N3	0	36	0	41	0	0	18
	H2N8C4N3	0	15	0	15	0	0	12

Table 2 .

 2 Vertical (Ev) and adiabatic (Ead) transition energies for the most relevant electronic excited states with the corresponding oscillator strengths (Osc. Str.) for CytNa+, CytK+ and CytAg+ complexes calculated at the SCS-CC2/Def2-SVPD level of theory. The experimental values (bold) are in parenthesis.

	Complex	State	Ev	Ead	Osc. Str.
		S1 (*)	4.95	4.31	0.0940
				(4.34)	
		S4 (*)	6.45	-	0.0025
	CytNa +				
		S11 (nO*)	7.36	-	0.0529
		S12 (nN*)	7.81	-	0.1296
		S1 (*)	4.93	4.25	0.0859
				(4.30)	
		S4 (*)	6.46	-	0.0019
	CytK +				
		S11 (nN*)	7.28	-	0.0578
		S12 (nO*)	7.70	-	0.0784
		S1 (nO*)	4.15	3.98	0.0077
				(3.93)	
		S2 (nN*)	4.84	-	0.0079
	CytAg +				
		S3 (*)	4.89	4.39	0.0909
				(4.32)	
		S7 (*)	5.56	-	3.7 10 -5

Ead are corrected by the zero point energy difference (ZPE) between the two states. Ev and Ead are given in eV.

Table 3 :

 3 Lifetime broadening (LTB in cm -1 ) of different transition of the Cyt-Na + and Cyt-K + complexes and minimum excited state lifetimes (minin ps) for each transition.

		Cyt-Na +			Cyt-K + 	
	mode	LBT (cm -1 )	min (ps)	mode	LTB (cm -1 )	min (ps)
	0 0 0	4.5 ± 0.25	1.2	0 0 0	4 ± 0.25	1.3
	1 (49 cm -1 )	11.9 ± 1	0.45	1 (39 cm -1 )	6.1 ± 0.25	0.8
	2 (122 cm -1 )	6.8 ± 0.25	0.8	2 (85 cm -1 )	5.7 ± 0.25	0.8
	 2	6.7 ± 0.25	0.8	 2	9 ± 0.5	0.6
	12 (532 cm -1 )	4.9 ± 0.25	1.1	12 (528 cm -1 )	4.1 ± 0.25	1.3
	1 + 12	6.5 ± 2	0.8	1 + 12	6.5 ± 0.25	0.8

Table 4 ,

 4 Eth for CytNa + and CytK + are approximately 2 eV larger than the corresponding value for CytAg + as a consequence of the lower IP of Na and K as compared to the IP of Ag. Then, the CT state is pushed up in the former complexes above the * state, to energies higher than the excitation energy region explored in this work. Therefore, not only the first excited state of CytNa + and CytK + are not the same than in CytAg + , but also the excitation of the complexes in the 4.3 -5.8 eV range is below the dissociation threshold for leading to Cyt + and M.[START_REF] Taccone | Communication: UV Photoionization of Cytosine Catalyzed by Ag +[END_REF] 

Table 4 .

 4 Energy threshold for the CT fragmentation channel (Eth) for the CytM + (M = Ag, Na and K) complexes, calculated according to Eq. 2. The ionization potential of the M atoms (IPM) and ground state binding energy Eb(S0) of the complexes are also shown.

	Complex	IPM (eV)	Eb(S0) (eV)	Eth (eV)
	CytAg +	7.58 a	2.86 b	4.01
	CytNa +	5.14 a	2.23 c	5.82
	CytK +	4.34 a	1.67 c	6.07

a Ref.49 b Ref.25 c Ref.32
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