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1. Experimental details 

Sample preparation and handling 

TGGGGT oligonucleotides, purified by reversed phase HPLC and tested by MALDI-TOF, were 

purchased from Eurogentec Europe. They were dissolved in phosphate buffer (0.15 mol L-1 KH2PO4, 

0.15 mol L-1 K2HPO4); the purity of both potassium salts (Fluka) used for the buffer was 99.999%. 

Solutions were prepared using ultrapure water delivered by a MILLIPORE (Milli-Q Integral) system; 

the pH, measured by a HANNA Instr. Apparatus (pH 210), was adjusted to 7 by addition of a 

concentrated KOH solution. A 2 mL mother solution was heated to 96°C during 5 min in a dry bath 

(Eppendorf-ThermoStatplus); subsequently, the solution was cooled to 4°C (cooling time: 2h), where it 

was incubated overnight.  

(TG4T)4/K+ solutions were kept at -20°C. Prior to time-resolved experiments, they were heated to 40°C 

and cooled slowly to room temperature. During the experiments the temperature was maintained at 

23°C. The absorbance on the excitation side was 0.25 ± 0.02 over 0.1 cm, corresponding to a 

concentration of about 1.5x10-5 molL-1.  

The entire study required the use of six different batches of oligonucleotides. The reproducibility of the 

results was checked by making control experiments at selected wavelengths. Control experiments were 

also performed to compare the behavior of (TG4T)4/K+ and (TG4T)4/Na+, prepared with the same 

batch. 

Spectroscopic measurements 

Steady-state absorption spectra were recorded using a Lambda 850 (Perkin-Elmer) spectrophotometer. 

The transient absorption setup used as excitation source the fourth harmonic of a Nd:YAG laser 

(Spectra-Physics, Quanta Ray). The excited area at the surface of the sample and the optical path-length 

on the excitation side were, respectively, 0.6 × 1.0 cm2 and 0.1 cm. The analyzing beam, orthogonal to 

the exciting beam, was provided by a 150 W Xe-arc lamp (OSRAM XBO); its optical path-length 

through the sample was 1 cm while its thickness was limited to 0.1 cm in order to use the most 

homogeneous part of the light. It was dispersed in a Jobin-Yvon SPEX 270M monochromator, detected 

by a Hamamatsu R928 photomultiplier and recorded by a Lecroy Waverunner oscilloscope (6084). For 

measurements on the sub µs-scale the Xe-arc lamp was intensified via an electric discharge. Transient 

absorption spectra were recorded using a wavelength-by-wavelength approach. Fast shutters were 

placed in the path of both laser and lamp beams; thus, the excitation rate was decreased from 10 Hz to 

0.2 Hz. The incident pulse energy at the surface of the sample was measured using a NIST traceable 

pyroelectric sensor (OPHIR Nova2/PE25); potential variations during a measurement were monitored 

by detecting a fraction of the exciting beam by a photodiode. In addition, the absorbance of the 
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naphthalene triplet state, whose quantum yield in cyclohexane is 0.75, served as actinometer.1 At each 

wavelength, a series of three successive signals, resulting from 20-50 laser shots each, were recorded; 

if judged to be reproducible they were averaged to reduce the signal-to-noise ratio.  

2. Computational details 

CASPT2/CASSCF. 

The ground state equilibrium geometry of guanine in gas phase (Figure SI-2a) was optimized at the 

Complete Active Space Self Consistent Field (CASSCF)2 level of theory using the ANO-S3-4 basis set 

and an active space containing 14 electrons in 11 orbitals (Figure SI-3). This active space contains the 

entire  system and the lone pair of the carbonyl group. Using this optimized geometry as reference, the 

VIP value was predicted by computing the energy difference of the neutral and cationic species arising 

from respective single points at the CASPT2 level of theory (multistate second order perturbation theory 

on state average complete active space self-consistent field wavefunctions).5-6 An imaginary level shift7 

of 0.3 a.u. was used and two different IPEA values (0.25 and 0.0 a.u.) were considered8 giving VIP 

values of 8.27 and 8.10 eV, respectively. All the calculations were done with OpenMolcas.9  

DFT and TD-DFT.  

Guanine. For comparison with the CASPT2 energies, the ground state of guanine was optimized at the 

M052X/6-31G(d)10-11 level of theory in gas phase and its VIP simulated at the same level of theory. This 

functional has been successfully applied in previous studies to optimize guanine radicals and to simulate 

their absorption spectra.12-15  

(TG4T)4/K+. Ground state and radical species were optimized through a QM/MM approach, in which 

three of the four guanine tetrads and two K+ are treated at the QM level, whereas the fourth tetrad (and 

the corresponding K+), the backbone and external K+ ions were considered at the MM level (Figure SI-

2b). The QM part was described at the DFT(M052X)/6-31G(d) level of theory. For the MM region we 

selected Amber parm96.dat Force Field.16 In this case, the whole system was embedded in solvent using 

the Polarizable Continuum Model.17-18 Absorption spectra of the radicals were simulated calculating the 

vertical absorption energies using TD-DFT and convoluting each transition with a Gaussian function of 

half width half maximum of 0.3 eV.  

For the VIP, single point calculations on top of the ground state of (TG4T)4/K+ and (TG4T)4/Na+ were 

performed.  

All these calculations were done with Gaussian 09.19  
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3. Additional Figures 

 

 

Figure SI-1. (a) Absorption spectrum of (TG4T)4/K+ at 23°C; the violet vertical line indicates 

the laser excitation wavelength. (b) Absorbance of (TG4T)4/K+ at 295 nm as a function of 

temperature; black and grey circles correspond to independent measurements 

performed with different oligomer batches.  

 

 

 

 

 

 

 

Figure SI-2. Computational models used for (a) guanine nucleobase and (b) (TG4T)4/K+ ; 

QM atoms are shown in ball and stick, while MM ones are depicted as tubes.  
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Figure SI-3. Molecular orbitals involved in the (14,11) active space used for CASSCF 

calculations. 

 

 

Figure SI-4. Steady-state fluorescence spectrum obtained for the dinucleotides dGpT, 

purified by reversed phase HPLC (green) and an equimolar mixture of mononucleotides 

dGMP and TMP (black). Excitation wavelength: 255 nm. 
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Figure SI-5. Comparison of the absorption spectra computed for the deprotonated radicals 

of (TG4T)4/K+ (blue) and (TG4T)4/Na+ (red): (a) (G-H2) and (b) (G-H1) at the TD-

M052X/6-31G(d) level of theory. 

 

Figure SI-5. Transient absorption decays recorded at 605 nm for (TG4T)4/K+  in concentrated 

(red: 0.15 mol L-1 KH2PO4, 0.15 mol L-1 K2HPO4) and diluted (blue: 0.015 mol L-1 KH2PO4, 

0.015 mol L-1 K2HPO4) obtained using 3mJ (a) and 6 mJ (b) laser pulses at 266 nm. The signals 

are not normalized.  
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