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Table S1: Adenine S0¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

2 (Lb) 
3 (La) 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

4.94(0.00) 
5.18(0.23) 
6.24(0.15) 
6.37(0.00) 
6.38(0.35) 
6.86(0.43) 
7.00(0.17) 
7.39(0.35) 
7.94(0.09) 
8.19(0.45) 
8.53(0.13) 
8.83(0.02) 

5.56(0.07) 
5.28(0.16) 
       - 
6.49(0.09) 
6.58(0.14),7.00(0.17)# 
7.36(0.13) 
7.75(0.13) 
7.61(0.11) 
8.87(0.04) 
9.10(0.18) 
9.27(0.03) 
 

5.38(0.04) 
5.09(0.20) 
 6.22(0.17) 
6.26(0.02) 
6.66(0.10) 
7.08(0.17) 
7.36(0.03) 
7.46(0.19) 
8.57(0.00) 
8.37(0.12) 
9.13(0.03) 
 

5.77(0.08) 
5.64(0.18) 
6.96(0.42) 
7.21(0.03) 
7.36(0.11) 
7.79(0.16) 
8.51(0.10) 
8.22(0.08) 
9.59(0.01) 
9.29(0.13) 
 
 

5.59(0.02) 
5.44(0.27) 
6.64(0.44) 
7.29(0.01) 
7.07(0.10) 
7.56(0.15) 
8.51(0.00) 
7.97(0.05) 
9.36(0.03) 
9.24(0.08) 
 

      
# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference   
 
 
Table S2: Adenine La¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 

 

State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

1.06(0.01) 
1.19(0.04) 
1.20(0.02) 
1.68(0.00) 
1.82(0.01) 
2.21(0.00) 
2.76(0.01) 
3.01(0.02) 
3.35(0.00) 
3.65(0.12) 

      - 
1.22(0.06) 
1.30(0.02),1.72(0.01)# 
2.08(0.00) 
2.47(0.01) 
2.33(0.00) 
3.60(0.01) 
3.83(0.00) 
3.99(0.01) 
 

1.12(0.03) 
1.16(0.07) 
1.57(0.01) 
1.99(0.00) 
2.27(0.01) 
2.37(0.00) 
3.48(0.01) 
3.28(0.00) 
4.04(0.00) 
 

1.32(0.01) 
1.56(0.07) 
1.71(0.01) 
2.14(0.00) 
2.87(0.02) 
2.57(0.01) 
3.94(0.03) 
3.65(0.01) 
 
 

1.20(0.00)     
1.85(0.01) 
1.63(0.02) 
2.12(0.00) 
3.07(0.00) 
2.54(0.01) 
3.92(0.02) 
3.80(0.00) 
 
 

      
# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference 

 

 
 



Table S3: Adenine Lb¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 

 

State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

1.30(0.01) 
1.43(0.00) 
1.44(0.00) 
1.92(0.01) 
2.06(0.02) 
2.45(0.03) 
3.00(0.00) 
3.25(0.01) 
3.59(0.05) 
3.89(0.02) 

      - 
0.93(0.00) 
1.02(0.00),1.44(0.00)# 
1.80(0.01) 
2.19(0.02) 
2.05(0.00) 
3.31(0.01) 
3.54(0.00) 
3.71(0.03) 
 

0.83(0.00) 
0.87(0.00) 
1.28(0.01) 
1.70(0.01) 
1.98(0.01) 
2.08(0.03) 
3.19(0.00) 
2.99(0.00) 
3.74(0.03) 
 

1.20(0.01) 
1.44(0.01) 
1.59(0.01) 
2.02(0.01) 
2.75(0.01) 
2.45(0.02) 
3.82(0.01) 
3.53(0.00) 
 
 

1.05(0.00)     
1.70(0.01) 
1.48(0.01) 
1.96(0.01) 
2.92(0.00) 
2.38(0.00) 
3.77(0.00) 
3.64(0.00) 
 
 

      
# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S4: Guanine S0¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

2 (La) 
3 (Lb) 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

4.68(0.14) 
5.20(0.27) 
6.00(0.03) 
6.57(0.26) 
6.77(0.56) 
6.79(0.67) 
6.90(0.01) 
7.32(0.02) 
8.00(0.25) 
8.04(0.04) 
8.28(0.01) 
8.51(0.06) 

5.20(0.16) 
5.52(0.19) 
6.47(0.00)       
7.22(0.29) 
7.35(0.17) 
7.11(0.05) 
7.56(0.14) 
7.91(0.10) 
8.20(0.00) 
8.70(0.07) 
8.52(0.02) 
9.78(0.03) 

4.99(0.13) 
5.24(0.26) 
6.11(0.02),6.17(0.00)# 
        - 
        - 
6.86(0.10) 
7.22(0.20) 
7.67(0.10) 
7.82(0.00) 
8.27(0.15) 
8.16(0.04) 
 

5.45(0.18) 
5.94(0.27) 
7.01(0.01) 
7.81(0.15) 
7.87(0.25) 
7.65(0.30) 
8.06(0.06) 
8.47(0.07) 
9.06(0.03) 
9.17(0.03) 
9.79(0.06) 
10.38(0.03) 

5.24(0.16) 
5.63(0.33) 
6.59(0.02) 
7.55(0.10) 
7.53(0.13) 
7.33(0.24) 
7.84(0.10) 
8.13(0.03) 
8.71(0.05) 
8.82(0.02) 
 

14 8.92(0.08) 10.01(0.14)  10.87(0.00)  
      
# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference 
 
 
 
Table S5: Guanine La¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
 

1.32(0.01) 
1.89(0.01) 
2.09(0.03) 
2.11(0.01) 
2.22(0.00) 
2.64(0.03) 
3.32(0.00) 
3.36(0.02) 
3.60(0.06) 
3.83(0.04) 
4.24(0.01) 

1.27(0.02) 
2.02(0.01) 
2.15(0.01) 
1.91(0.00) 
2.36(0.00) 
2.71(0.04) 
3.00(0.01) 
3.50(0.01) 
3.32(0.01) 
4.58(0.00) 
4.81(0.00) 

1.11(0.00),1.17(0.00)# 
       - 
       - 
1.86(0.00) 
2.23(0.01) 
2.68(0.04) 
2.83(0.00) 
3.27(0.02) 
3.17(0.00) 
      - 
      - 

1.57(0.02) 
2.36(0.01) 
2.42(0.02) 
2.20(0.00) 
2.62(0.00) 
3.03(0.06) 
3.61(0.01) 
3.73(0.04) 
4.35(0.00) 
4.93(0.00) 
5.42(0.05) 

1.34(0.01) 
2.31(0.01) 
2.29(0.02) 
2.09(0.00) 
2.59(0.00) 
2.88(0.02) 
3.47(0.02) 
3.58(0.02) 
       - 
       -   
       - 

# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference  
 
 
 
 
 



Table S6: Guanine Lb¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
 

0.80(0.03) 
1.37(0.04) 
1.57(0.00) 
1.59(0.03) 
1.70(0.01) 
2.12(0.00) 
2.80(0.01) 
2.84(0.07) 
3.08(0.02) 
3.31(0.00) 
3.72(0.03) 

0.94(0.04) 
1.69(0.01) 
1.83(0.01) 
1.58(0.01) 
2.03(0.01) 
2.39(0.03) 
2.67(0.03) 
3.18(0.00) 
2.99(0.00) 
4.25(0.00) 
4.49(0.01) 

0.86(0.03),0.92(0.03)# 
       - 
       - 
1.61(0.01) 
1.98(0.02) 
2.43(0.01) 
2.58(0.03) 
3.02(0.00) 
2.92(0.00) 
      - 
      - 

1.07(0.05) 
1.87(0.01) 
1.93(0.02) 
1.71(0.01) 
2.12(0.02) 
2.53(0.00) 
3.12(0.11) 
3.23(0.00) 
3.85(0.01) 
4.44(0.01) 
4.93(0.02) 

0.96(0.07) 
1.92(0.03) 
1.91(0.00) 
1.70(0.01) 
2.21(0.01) 
2.50(0.00) 
3.08(0.05) 
3.20(0.03) 
       - 
       -   
       - 

# The two values relate to the presence of two states featuring the same primary electronic 
excitation that associates to the corresponding state at RASPT2 reference 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S7: Uracil S0¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

2 5.20(0.17) 5.41(0.12) 5.22(0.12) 5.70(0.17) 5.47(0.18) 
3 6.18(0.04) 6.09(0.04) 5.97(0.03) 6.78(0.04) 6.63(0.04) 
4 6.55(0.18) 6.85(0.11) 6.53(0.12) 7.29(0.14) 6.89(0.16) 
5 7.39(0.71) 7.89(0.17) 7.52(0.37) 8.16(0.41) 7.88(0.33) 
6 8.42(0.05) 9.27(0.08) 9.13(0.10) 10.01(0.08) 10.03(0.05) 

 

Table S8: Uracil S1¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

4 1.35(0.00) 1.44(0.01) 1.31(0.00) 1.59(0.01) 1.42(0.01) 
5 2.19(0.01) 2.39(0.00) 2.30(0.00) 2.46(0.00) 2.40(0.00) 
6 3.22(0.08) 2.53(0.02) 3.91(0.02) 4.32(0.05) 4.56(0.00) 
7 3.29(0.00) 3.14(0.05) 3.13(0.05) 3.47(0.04) 3.44(0.07) 
 

 

 
Table S9: Thymine S0¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

2 5.00(0.17) 5.30(0.12) 5.06(0.13) 5.60(0.18) 5.33(0.18) 
3 6.20(0.11) 6.36(0.07) 6.08(0.05) 6.90(0.07) 6.70(0.05) 
4 6.51(0.17) 6.74(0.14) 6.46(0.12) 7.18(0.18) 6.83(0.20) 
5 7.32(0.89) 7.91(0.34) 7.81(0.31) 8.27(0.40) 7.94(0.23) 
6 8.06(0.38) 8.27(0.06) 8.06(0.05) 8.92(0.07) 8.70(0.08) 
 
 
Table S10: Thymine S1¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

3 1.20(0.01) 0.96(0.01) 1.02(0.01) 1.30(0.01) 1.37(0.01) 
4 1.51(0.00) 1.45(0.00) 1.40(0.01) 1.58(0.01) 1.51(0.01) 
5 2.32(0.00) 2.61(0.00) 2.75(0.00) 2.67(0.00) 2.61(0.00) 
6 3.06(0.02) 2.98(0.09) 3.00(0.12) 3.32(0.10) 3.37(0.12) 
 



Table S11: Cytosine S0¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 
 
State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

2 4.66(0.05) 4.74(0.13) 5.65(0.03) 5.12(0.05) 5.00(0.106) 
3 5.59(0.10) 5.66(0.08) 5.48(0.06) 6.15(0.12) 65.94(0.11) 
4 6.46(0.83) 6.88(0.23) 6.34(0.21) 7.16(0.46) 6.70(0.15) 
5 6.90(0.30) 7.10(0.38) 6.69(0.33) 7.46(0.21) 6.96(0.11) 
6 8.01(0.24) 8.02(0.14) 7.87(0.15) 8.61(0.18) 8.45(0.16) 
 
 
Table S12: Cytosine S1¦Sn vertical transition energies (in eV) and corresponding oscillator 
strengths in parentheses at various levels of theory. 

 

State 
(n+1) 

RASPT2 B3LYP 
6-31G** 

B3LYP 
6-311++G** 

CAMB3LYP 
6-31G** 

CAMB3LYP 
6-311++G** 

3 0.93(0.01) 0.91(0.01) 0.82(0.01) 1.02(0.01) 0.94(0.01) 
4 1.91(0.00) 2.14(0.00) 1.69(0.00) 2.04(0.00) 1.70(0.00) 
5 2.24(0.03) 2.36(0.01) 2.03(0.00) 2.34(0.01) 1.96(0.00) 
6 3.35(0.09) 3.28(0.05) 3.22(0.05) 3.49(0.06) 3.45(0.08) 

 



ADENINE 

 

Figure S1. Computed ESAs associated to vertical La¦Sm excitations (colored sticks) of adenine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S2) 
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Figure S2. Computed ESAs associated to vertical Lb¦Sm excitations (colored sticks) of adenine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S3) 
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GUANINE 

 

Figure S3. Computed spectra associated to vertical S0¦Sn excitations (colored sticks) of guanine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(black sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) 

and CAMB3LYP/6-311++G** (green sticks). Only ππ* states are labeled, according to root 

numbers in the reference RASPT2 computations (Table S4) 

 



 
Figure S4. Computed ESAs associated to vertical La¦Sm excitations (colored sticks) of guanine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S5) 
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Figure S5. Computed ESAs associated to vertical Lb¦Sm excitations (colored sticks) of guanine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S6) 
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URACIL

 

Figure S6. Computed spectra associated to vertical S0¦Sn excitations (colored sticks) of uracil in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(black sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) 

and CAMB3LYP/6-311++G** (green sticks). Only ππ* states are labeled, according to root 

numbers in the reference RASPT2 computations (Table S7) 

 



 

Figure S7. Computed ESAs associated to vertical S1¦Sm excitations (colored sticks) of uracil in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S8) 
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THYMIME 

 

Figure S8. Computed spectra associated to vertical S0¦Sn excitations (colored sticks) of thymine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(black sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) 

and CAMB3LYP/6-311++G** (green sticks). Only ππ* states are labeled, according to root 

numbers in the reference RASPT2 computations (Table S9) 

 



 

Figure S9. Computed ESAs associated to vertical S1¦Sm excitations (colored sticks) of thymine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S10) 
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CYTOSINE 

 

Figure S10. Computed spectra associated to vertical S0¦Sn excitations (colored sticks) of cytosine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(black sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) 

and CAMB3LYP/6-311++G** (green sticks). Only ππ* states are labeled, according to root 

numbers in the reference RASPT2 computations (Table S11) 

 



 

Figure S11. Computed ESAs associated to vertical S1¦Sm excitations (colored sticks) of cytosine in gas-

phase. Reference theoretical values at RASPT2 (yellow sticks) are compared with B3LYP/6-

31G**(red sticks), B3LYP/6-311++G** (blue sticks), CAMB3LYP/6-31G**(violet sticks) and 

CAMB3LYP/6-311++G** (green sticks) and corresponding convoluted spectra (colored lines). 

Only ππ* states are labeled, according to root numbers in the reference RASPT2 computations 

(Table S12) 

 

4 

5 

6 

5 

5 

5 

4 4 

6 

4 5 4 5 

8 

6 4 

4 

4 

6 

6 6 

5 

6 
6 


