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1. Computational Details  
 
The ground state minima of TpC and CpT conformers were optimized using the 
Density Functional Theory (DFT) and their vertical absorption energies (VAEs) 
and excited state Potential Energy Surfaces characterized by means on its Time 
Dependent (TD-DFT) extension. We have selected the M052X1, 2 functional due 
to its good performance for treating stacked systems. For geometry 
optimizations and VAEs the M052X functional was combined with the 6-31G(d) 
basis set. However, larger basis sets (6-31+G(d,p) and 6-311+G(2d,2p)) were 
considered for computing the relative stability of the different conformers.  
 
Polarizable Continuum Model (PCM)3, 4 was used to account for bulk solvent 
effects, describing the excited states with Linear Response PCM/TD-DFT 
implementation,5 for which analytic gradient are available.6  For some specific 
cases (i.e. Charge Transfer states), State Specific-PCM7 single points were 
performed since it provides a more accurate description of the electronic 
transitions involving a large density shift.    
 
All the calculations have been performed using the Gaussian 09 program.8 
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2. Results 
2.1. Conformational Study 

 
Figure S1. Comparison between the ground state optimized minima (PCM/M052X/6-31G(d)) of 
the TpC in the different conformations. Geometries have been aligned respect to the thymine base.  
a) d22 is the distance between the middle points of C5-C6 thymine and cytosine bonds; b) d64 is 
the distance between C6 in thymine and C4 in cytosine.  
 
 

 
 
 
Table S1. Relative energies (in kcal/mol) for the different conformers of TpC and CpT with the 
specified level of theory.  
 

 TpC CpT 
 c3c3 c2c2 c2c1 c3c3 c2c2 c2c1 

PCM/M052X/ 
6-31G(d) 

0.00 0.47 0.45 0.00 3.40 3.42 

PCM/M052X/ 
6-31+G(d,p) 

0.00 0.45 0.35 0.00 3.07 2.54 

PCM/M052X/ 
6-311+G(2d,2p) 

0.00 0.31 0.09 0.00 3.19 2.43 
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2.2. Excited State at the FC region 
 
Table S2. Main transition character, coefficients (coeff.), energies (E, in eV) and oscillator strength 
(f, in parenthesis) for the lowest energy excited states computed at the PCM/TD-M052X/6-31G(d) 
levels of theory in TpC and CpT conformers. aThe molecular orbital are very mixed so in this stable 
we just adopt the following nomenclature: HOMO-1=T, HOMO=C, LUMO=T and LUMO+1=C.  
 

TpC 

ac3c3 ac2c2 ac2c1 

Coeff. E (ƒ) Coeff. E (ƒ) Coeff. E (ƒ) 

 T->C  0.35 
C->T  0.48 
 C->C -0.45 

5.16 (0.041) T->T  0.29 
T->C  -0.31 
C->T  0.48 

  C->C  -0.23 

5.13 (0.095) T->T  0.35 
C->T  0.22 
 C->C 0.50 

5.21 (0.037) 

2   n * 5.20 (0.001) n * 5.19 (0.001) n *+ * 5.22 (0.014) 

3   T->T  0.53 
C->C  0.36 

5.35 (0.379) T->T  -0.33 
C->C  0.47 

5.33 (0.342) T->T  -0.44 
C->C  -0.29 

5.33 (0.358) 

4   n * 5.71 (0.004) n * 5.69 (0.003) n * 5.66 (0.006) 

5  T->T  -0.38 
T->C  -0.19 
C->T  0.40 

  C->C  0.33 

6.01 (0.007) n * 6.12 (0.063) n * 6.04 (0.012) 

6   n * 6.11 (0.002) T->T   0.31 
T->C  -0.31 
C->T  -0.30 
C->C  0.26 

6.13 (0.083) T->T  0.35 
T->C  0.47 
C->T  0.16 
C->C  0.25 

6.10 (0.027) 

8  T->C  0.47 
 

6.19 (0.044) T->T  0.31 
T->C  0.45 
C->T  0.25 
 C->C  0.32 

6.34 (0.019) T->T  -0.18 
T->C  0.13 
C->T  0.55 
C->C  -0.35 

6.28 (0.014) 

CpT ac3c3 ac2c2 ac2c1 

 T->T  0.22 
T->C  -0.35 
C->T  0.54 

  C->C -0.11 

5.12 (0.126) T->T  0.16 
T->C   0.41 
C->T  0.27 

    C->C  0.45 

5.19 (0.163) C->T  -0.32 
 C->C   0.59 

5.09 (0.138) 

2   n * 5.22 (0.007) n * 5.20 (0.001) n * 5.17 (0.002) 

3   T->T  0.48 
C->T  -0.29 
C->C  -0.37 

5.27 (0.226) T->T  0.45 
T->C   -0.17 
C->T  -0.42 

    C->C  0.24 

5.36 (0.266) T->T  0.63 
 

5.37 (0.231) 

4   n * 5.73 (0.003) n * 5.74 (0.002) n *+ * 5.64 (0.014) 

5  T->T  0.42 
C->C  0.55 

5.97 (0.006) n * 6.07 (0.007) C->T  0.61  
 

5.81 (0.018) 

6   T->C  0.58 
C->T  0.32 
T->T 0.14  

6.02 (0.033) T->T  0.41 
T->C   -0.22 
C->T  0.40 

    C->C  -0.21 

6.14 (0.011) n * 6.07 (0.009) 

8     C->T 0.55 
    C->C -0.33 
   T-C  0.12  

6.18 (0.170) T->T  0.22 
T->C   0.47 
C->T  0.18 

    C->C  0.38 

6.44 (0.023) T->C 0.56 
 

6.22 (0.093) 
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Figure S2. Excited state density difference (S0-Sn, negative red, positive green, grid=0.003) of the 
indicated excited states (Sn) for the different conformers of TpC dinucleotide. 
 

 
Figure S3. Excited state density difference (S0-Sn, negative red, positive green, grid=0.003) of the 
indicated excited states (Sn) for the different conformers of CpT dinucleotide. 

 

 
 
 
 

c2c2c2c1c3c3

S5	
  

S8	
  S8	
  

S1	
   S1	
  S1	
  

C	
  

T	
  

S8	
  

S6	
  S6	
  

S3	
   S3	
  S3	
  

c2c2c2c1c3c3

T	
  

C	
   S1	
   S1	
  S1	
  

S6	
  S5	
  

S8	
   S8	
  

S3	
   S3	
  S3	
  

S5	
   S6	
  

S7	
  
S8	
  



 6 

 
1. Y. Zhao and D. G. Truhlar, Acc. Chem. Res., 2008, 41, 157-167. 
2. Y. Zhao, N. E. Schultz and D. G. Truhlar, J.  Chem. Theory  Comput., 2006, 2, 

364-382. 
3. J. Tomasi, B. Mennucci and R. Cammi, Chem. Rev., 2005, 105, 2999-3094. 
4. S. Miertuš, E. Scrocco and J. Tomasi, Chem. Phys., 1981, 55, 117-129. 
5. N. Cossi and V. Barone, J. Chem. Phys. 2002, 115, 4708-4717 
6. G. Scalmani, M.J. Frisch,B. Mennucci, J. Tomasi, R. Cammi, V. Barone, J. Chem. 

Phys. 2006, 124, 094107. 
7. R. Improta, V. Barone, G. Scalmani and M. J. Frisch, J. Chem. Phys., 2006, 125, 

054103. 
8. M. J. T. Frisch, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, 

J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; 
Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; 
Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; 
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; 
Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; 
Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; 
Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; 
Rega, N.; Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, 
C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; 
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; 
Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; 
Daniels, A. D.; Farkas, Ö.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J., 
Gaussian 09, Revision A.1, in, Gaussian, Inc., Wallingford CT, 2009. 

 
 


