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Figure S1) Structures of thymine-thymine CPD (left) and 64-PP (right). 
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Figure S2) MilliQ absorption spectrum for ForU and ForC in water 
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Figure S3) TD-DFT computed absorption spectra of ForU and ForC in different solvents  
 

 
Figure S4) Experimental absorption spectra of ForU and ForC in different solvents  
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Figure S5) Low temperature phosphorescence spectra of ForC and ForU in Ethanol after 

excitation at 380 nm. 
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Figure S6) Active space orbitals for ForU 
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Figure S7) Active space orbitals for ForC 
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Figure S8) Total standard Deviation of the trajectories projected on the vibrational normal 
modes and yielding the total activity of each mode.  

  
Figure S9) Representation of the ForU most active vibrational normal modes 
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` 
Figure S10) Representation of the ForC most active vibrational normal modes 
 
 

 
Figure S10) Time evolution of the aromatic ring puckering convoluted over the ensemble of 
the trajectories for ForU and ForC. 
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Methodology 
Computational methodology 

In all calculations, the models of ForU and ForC included a methyl group at N1 position as a substitute of the 
deoxyribose sugar of DNA. The Tamm-Dancoff approximation has been used in all TD-DFT calculations. 
Absorption spectra. The ground state of the two chromophores has been optimized at the DFT level, using the 
B3LYP1 functional and the Pople 6-31G+(d,p) basis set. The absorption spectra have been calculated with the TD-
DFT method using a Wigner distribution around the S0 minimum,2 and convoluting the vertical excitations from 100 
single points calculated at TD-DFT level with B3LYP and the 6-311G++(d,p) basis set, solvent effects have been taken 
into account using the linear response polarizable continuum model (PCM).3 All the calculations have been 
performed with the Gaussian 09.D01 code.4 The excited states have been characterized in terms of Natural 
Transition Orbitals (NTO) and fS index via the Nancy_EX code.5  
PES exploration. According to a previous work,6 the relevant points of the singlet and triplet PES have been optimized 
at the TD-DFT level making use of the wB97-XD functional in combination with the 6-31+G(d,p) basis set and the 
Gaussian 09.D01 program. Since excited-state gradients for the wB97-XD functional are not implemented in the 
Amsterdam Density Functional 2018 (ADF 2018) modelling suite,7,8 and the studied photophysical processes do not 
involve intermolecular interactions such as p-stacking (that would require dispersion corrections) and/or long-range 
charge transfer states, we have computed the final energies shown in Figures 3B and 3D with the TD-B3LYP/DZ 
method as implemented in ADF 2018, which is available to perform non-adiabatic dynamics (see below).  
All multiconfigurational calculations (Figures 3A and 3C) were conducted with the OpenMolcas software9 on top of 
the wB97-XD/6-31+G(d,p) optimized geometries. For both ForU and ForC systems, the complete-active-space self-
consistent field (CASSCF) wave functions were built distributing 18 electrons into 13 orbitals (see ESI). Thus, the 
whole molecular valence space is included in the active space. Six roots were demanded in the state-average (SA)-
CASSCF procedure for both singlet and triplet states calculations. The necessary electronic dynamic correlation was 
included by means of the complete-active-space second-order perturbation theory (CASPT2) method, using an 
imaginary level shift of 0.2 to avoid the presence of weakly intruder states, and an IPEA shift of 0.0 a.u., as previously 
used in the literature for related systems.6,10,11 
Phosphorescent states. The vertical emission wavelengths and adiabatic energies reported in Table 1 were 
computed at the 3np* and 3pp* minima of ForU and the 3pp* equilibrium geometry of ForC (Figure 3) including 
singlet-triplet SOCs. The SOC operator has been applied to scalar relativistic TD-B3LYP/TZP calculations by means of 
perturbation theory mixing ten singlet and ten triplet excited states. Solvent effects (ethanol) have been included 
by means of the COSMO method using the ADF 2018 default settings. 
Non-adiabatic dynamics. Non-adiabatic dynamics have been performed in the state-hopping formalism using the 
Sharc 2.0 code12,13 interfaced with the ADF 2018 modelling suite.7,8 The latter has been used to calculate the 
electronic structure and the relevant couplings, TD-DFT has been consistently used with the B3LYP functional and 
the Slater-type DZ basis set. This level of theory has been chosen because it reproduces the ab-initio profiles while 
making the dynamics affordable. 100 trajectories departing from S1 have been run for ForU, whereas 100 runs 
starting from S1 and 100 trajectories starting from S2 have been calculated for ForC due to the closer degeneracy of 
the first two singlet excited states and the similar values of their oscillator strengths. The runs have been propagated 
with a time step of 0.5 fs for a total time of 2.0 ps using the full-diagonal representation, a Tully based stochastic 
hopping protocol,14 and the Granucci, Persico and Zoccante decoherence correction,15  the wavefunction overlap 
approach has been used to compute the non-adiabatic couplings on the fly.16  
 

Experimental methodology 

Chemicals. The chemicals 5-formylcytosine (Toronto Research Chemicals, ≥97%) and 5-formyluracil (Sigma-Aldrich, 
≥98%) were used as received. Ethanol and acetonitrile of HPLC grade were purchased from Scharlau, whereas water 
was purified using Milli-Q system (IQ 7000, Merck). Phosphate buffered saline (PBS) tablets were purchased from 
Sigma Aldrich and used as received to prepare PBS solutions in Milli-Q water at pH 7.4 at 25ºC. 
UV−vis Absorption. Solutions of ForU and ForC were prepared in PBS, MeCN or EtOH, and UV absorption spectra 
were registered on a Cary 50 spectrophotometer (Varian) using a quartz cuvette of 1 cm optical path and 3 mL 
capacity. 
Phosphorescence Emission. The phosphorescence experiments were performed using ethanol solutions of ForU and 
ForC and adjusting their absorbance at ca. 0.8 (value determined for a 1 cm optical path) at the excitation 
wavelength of 280 nm. Solutions were then transferred to quartz tubes of 5 mm diameter. The emission was 
measured at 77 K, a gate time of 50 μs, and a delay of 500 μs. 
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