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Figure S1: Active space for “C molecule with 3 orbitals n and 10 orbitals 7 containing 18 electrons
calculated at SA(8)-CASSCF/cc-pVDZ level.
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Figure S2: Active space for G molecule with 3 orbitals n and 10 orbitals © containing 18 electrons
calculated at SA(6)-CASSCF/cc-pVDZ level.

Figure S3: Active space for I molecule with 3 orbitals n and 10 orbitals 7 containing 18 electrons calculated
at SA(6)-CASSCF/cc-pVDZ level.
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Figure S4: Active space for U molecule with 3 orbitals #n and 10 orbitals 7 containing 18 electrons
calculated at SA(10)-CASSCF/cc-pVDZ level.
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Table S2: Cartesian coordinates for A with 5 water molecules optimized at MP2/cc-pVDZ level (in
Angstroms).

N 0.4314 -0.6851 -1.8233
N 0.6591 1.4459 -0.6563
C 0.0826 1.3570 1.7595
N -0.4655 -1.1118 1.7221
N -0.2629 -2.6421 -0.7969
C 0.7262 0.6416 -1.7159
C 0.2411 0.7910 0.4793
C -0.0826 -0.6018 0.5207
C 0.0340 -1.3350 -0.7171
S -0.4202 0.1395 2.8328
H 0.2475 2.3814 2.0930
H -0.5059 -3.1997 0.0320
H -0.1064 -3.0915 -1.6930
H 1.0273 1.1051 -2.6619
o 3.0722 -0.5629 0.0403
H 2.9367 0.3812 -0.1185
H 2.9487 -0.9207 -0.8490
o -1.6158 24791 -2.4407
H -2.2411 1.9775 -1.9006
H -0.8605 2.5631 -1.8358
o -0.0579 2.5863 4.5094
H 0.6891 2.5014 5.1164
H -0.7634 2.9023 5.0886
o -0.5614 0.6127 -4.5092
H -0.9911 1.2615 -3.9270
H -0.4201 -0.1282 -3.9033
O -0.9936 -3.9134 1.6645
H -0.7874 -3.0130 1.9886
H -1.9601 -3.9219 1.7016
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Table S4: Average number of hydrogen bonds in each site that makes HB for the new emissive RNA
alphabet.

Molecule Dioxane Water
ASEC-DIP  ASEC-FEG ASEC-DIP  ASEC-FEG
N10—H11---O 0.69 0.71 0.86 0.98
N10—HI2---O 0.92 0.91 1.00 1.00
NI10---H-O — — 0.10 0.02
“A NIl---H-O — — 1.48 1.69
N3.--H-O — — 1.77 1.88
N7---H-0 — — 0.56 0.54
S8---H—0 — — 0.02 0.02
N10-H11---O 0.66 0.63 0.83 0.91
N10—HI2---O 0.92 0.94 0.91 0.97
N3-H:--0 0.98 0.97 1.02 1.01
N10---H-O — — 0.06 0.02
“C NI---H-O — — 1.74 1.98
N3.--H-O — — 0.08 0.11
N7---H-0 — — 0.48 0.46
S8.--H—0 — — 0.02 0.03
Ol1---H-0 — — 2.25 243
NI11-HI2---O 0.61 0.67 0.97 0.97
N11-HI3---0 0.77 0.81 0.86 0.95
NI-H---O 0.97 0.97 1.01 1.01
N1l---H-O — — 0.24 0.12
“G NI---H-O — — 0.02 0.01
N3..-H-0 — — 1.61 1.72
N7---H-0 — — 0.72 0.80
S8---H—0 — — 0.28 0.33
Oll---H-0 — — 2.28 227
N1-H---O 0.98 0.98 0.97 1.01
N3—H---0 0.99 1.02 1.04 1.02
NI---H-O — — 0.03 0.04
vy N3.--H-O — — 0.04 0.04
N7---H-0 — — 0.65 0.56
S8---H—0 — — 0.14 0.16
010---H-0 — — 1.93 2.07
Oll---H-0 — — 1.94 2.12
N1-H---O 0.03 0.03 0.12 0.13
NI---H-O — — 0.00 0.00
N3.--H-O — — 1.15 1.10
1 N7---H-O — — 0.65 0.67
S8.--H-0 — — 0.17 0.20
010---H-0 — — 2.10 2.25




Table S5: The six low-lying transitions energies (eV) with their respective oscillator strength (f) obtained at
SA(6)-CASPT2(18,13) level for A molecule (between parenthesis is reported the nature of the state).

1,4-dioxane Water

Gas-Phase ASEC-DIP ASEC-FEG C-PCM ASEC-DIP ASEC-FEG C-PCM

AE f AE f AE f AE f AE f AE f AE f

(pm*)  3.62 0.002 370 0.003 371 0.003 371 0002 397 0.108 377 0.142 3.83 0.054
(nm*) 400 0115 4.00 0.081 396 0.084 401 0.079 410 0.025 422 008 3.86 0.034
"(nm*) 405 0.074 402 0.124 404 0.121 403 0.121 414 0.142 428 0.048 4.07 0.129
(rm*) 5.11  0.011 519 0012 516 0012 518 0012 514 0027 515 0039 526 0.012
(rm*) 532 0.088 528 0.080 527 0082 530 0083 521 0015 518 0013 528 0.074

Table S6: The eight low-lying transitions energies (eV) with their respective oscillator strength (f) obtained
at SA(8)-CASPT2(18,13) level for *C molecule (between parenthesis is reported the nature of the state).

1,4-dioxane ‘Water

Gas-Phase ASEC-DIP ASEC-FEG C-PCM ASEC-DIP ASEC-FEG C-PCM

AE  f AE  f AE  f AE  f AE  f AE  f AE  f

363 0231 3.66 0243 364 0231 349 0199 375 0239 380 0236 370 0233
425 0.000 438 0001 437 0.001 445 0000 4.87 0.118 454 0245 443 0.159
445 0.001 445 0.127 440 0.26 457 0001 487 0.157 509 0.198 4.66 0.000
447 0.100 465 0001 453 0.001 471 0098 505 0.007 511 0021 480 0.000
515 0243 515 0269 516 0258 513 0.137 505 0204 524 0010 516 0.262
536 0045 546 0009 539 0.020 554 0.003 556 0004 533 0004 560 0.005
565 0012 562 0.013 564 0012 561 0.012 573 0.09 556 0.004 560 0.013
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Table S7: The six low-lying transitions energies (eV) with their respective oscillator strength (f) obtained at
SA(6)-CASPT2(18,13) level for “G molecule (between parenthesis is reported the nature of the state).

1,4-dioxane ‘Water

Gas-Phase ASEC-DIP ASEC-FEG C-PCM ASEC-DIP ASEC-FEG C-PCM

AE  f AE  f AE  f AE  f AE  f AE  f AE  f

2l(rn*) 387 0.095 376 0.116 376 0.116 382 0.113 373 0.130 3.63 0125 375 0.121
3'(nm*) 445 0017 461 0.001 460 0.000 464 0001 469 0048 461 0.054 470 0.001
4'(mm*) 465 0.111 469 0.083 4.68 0.085 4.69 0.093 4.88 0.001 480 0.001 476 0.070
5'(nm*)  5.06 0.007 505 0.006 504 0.006 508 0.007 525 0006 519 0.006 511 0.006
6'(nn*) 531 0214 530 0269 530 0280 533 0259 529 0408 522 035 535 0315




Table S8: The ten low-lying transitions energies (eV) with their respective oscillator strength (f) obtained at
SA(10)-CASPT2(18,13) level for U molecule (between parenthesis is reported the nature of the state).

1,4-dioxane ‘Water

Gas-Phase ASEC-DIP ASEC-FEG C-PCM ASEC-DIP ASEC-FEG C-PCM

AE f AE f AE f AE f AE f AE f AE f

(nm*) 409 0165 4.00 0163 399 0162 4.10 0152 392 0174 392 0170 398 0.169
(nm*) 448 0.001 456 0.001 453 0.000 456 0.001 488 0.001 478 0.000 4.65 0.001
(nm*) 546 0011 528 0.147 535 0.131 543 0.121 513 0206 510 0202 538 0.159
S'(nn*) 548 0.172 538 0.077 537 0.09 549 0.123 550 0202 549 0.198 557 0.010
(rm*) 558 0.064 554 0010 553 0010 552 0011 561 0066 555 0060 562 0.113
(nm*) 6.06 0.000 560 0212 564 0200 6.13 0.000 565 0010 563 0.010 623 0.000
(rm*) 630 0228 6.06 0.001 6.03 0000 626 0256 630 0259 6.17 0001 632 0213
(nm*) 6.45 0000 631 0266 628 0257 666 0.000 631 0000 623 0268 6.68 0.000
10'(nm*) 663 0.000 663 0.000 660 0000 770 0015 7.1 0000 7.0l 0000 694 0.000

Table S9: The six low-lying transitions energies (eV) with their respective oscillator strength (f) obtained at
SA(6)-CASPT2(18,13) level for “I molecule (between parenthesis is reported the nature of the state).

1,4-dioxane ‘Water

Gas-Phase ASEC-DIP ASEC-FEG C-PCM ASEC-DIP ASEC-FEG C-PCM

AE f AE f AE f AE f AE f AE f AE f

(nm*) 4.03 0104 4.01 0.109 399 0108 4.01 0.109 373 0.130 3.63 0.125 4.01 0.109
(nm*) 454 0.001 458 0.119 457 0.125 457 0.124 469 0.048 461 0.054 455 0.000
4l(nm*) 455 0.136 462 0.001 458 0.001 458 0.000 4.88 0.001 4.80 0.001 4.57 0.127
(nm*) 495 0.005 499 0.005 498 0.005 498 0.005 525 0.006 519 0.006 496 0.005
(nm*) 544  0.050 544 0067 545 0056 544 0059 529 0408 522 0356 542 0.055




Table S10: Charge distribution (e) for YA base in gas phase, dioxane and water obtained at MP2/cc-pVDZ
level.

Atom  Gas Dioxane Water
PCM ASEC-DIP ASEC-FEG PCM ASEC-DIP ASEC-FEG
N1 -0.67 -0.69 -0.70 -0.70 -0.72 -0,84 -0.88
C2 0.57 0.58 0.58 0.57 0.59 0,69 0.69
N3 -0.67 -0.69 -0.70 -0.69 -0.71 -0,86 -0.87
C4 0.45 0.46 0.45 0.44 0.46 0,53 0.54
C5 -0.02 -0.03 -0.01 -0.02 -0.03 -0,06 -0.08
C6 0.58 0.60 0.60 0.61 0.62 0,71 0.77
N7 -0.35 -0.36 -0.37 -0.37 -0.38 -0,38 -0.39
S8 0.21 0.23 0.23 0.22 0.26 0,28 0.28
c9 -0.29 -0.29 -0.28 -0.28 -0.29 -0,31 -0.33
N10  -0.67 -0.69 -0.71 -0.72 -0.72 -0,77 -0.80
HI11 0.30 0.31 0.33 0.34 0.34 0,37 0.41
H12 034 0.36 0.38 0.38 0.38 0,42 0.45
H13  0.20 0.21 0.21 0.21 0.22 0,22 0.22
H14  0.01 0.01 0.00 0.00 0.01 0,00 0.00

Table S11: Charge distribution (e) for “C base in gas phase, dioxane and water obtained at MP2/cc-pVDZ
level.

Atom  Gas Dioxane Water
PCM ASEC-DIP ASEC-FEG PCM ASEC-DIP ASEC-FEG
N1 -0.70 -0.74 -0.75 -0.75 -0.79 -0.86 -0.92
C2 0.92 0.94 0.94 0.93 0.95 1.03 1.06
N3 -0.73 -0.74 -0.75 -0.74 -0.74 -0.78 -0.79
C4 0.36 0.36 0.36 0.36 0.36 0.38 0.40
C5 0.05 0.04 0.04 0.03 0.03 0.02 0.00
C6 0.57 0.59 0.60 0.62 0.63 0.68 0.72
N7 -0.35 -0.36 -0.37 -0.37 -0.38 -0.39 -0.39
S8 0.20 0.22 0.20 0.19 0.24 0.24 0.26
c9 -0.34 -0.33 -0.32 -0.32 -0.32 -0.31 -0.31
N10  -0.69 -0.70 -0.73 -0.74 -0.72 -0.76 -0.77
o111  -0.56 -0.59 -0.60 -0.61 -0.63 -0.71 -0.75
H12 0.31 0.32 0.34 0.35 0.34 0.36 0.37
H13  0.36 0.37 0.40 0.41 0.39 0.42 0.42
H14  0.38 0.39 0.41 0.41 0.40 0.44 0.46
H15 0.21 0.22 0.22 0.22 0.23 0.23 0.23
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Table S12: Charge distribution (e) for G base in gas phase, dioxane and water obtained at MP2/cc-pVDZ
level.

Atom  Gas Dioxane Water
PCM ASEC-DIP ASEC-FEG PCM ASEC-DIP ASEC-FEG

N1 -0.67 -0.67 -0.67 -0.69 -0.67 -0.71 -0.71
C2 0.74 0.75 0.76 0.77 0.78 0.85 0.84
N3 -0.66 -0.67 -0.69 -0.69 -0.70 -0.81 -0.82
C4 0.37 0.37 0.35 0.36 0.36 0.40 0.40
C5 0.01 0.02 0.02 0.03 0.02 0.01 0.02
C6 0.62 0.63 0.63 0.63 0.63 0.71 0.70
N7 -0.34 -0.37 -0.38 -0.38 -0.41 -0.44 -0.45
S8 0.20 0.22 0.21 0.22 0.24 0.25 0.26
c9 -0.28 -0.28 -0.27 -0.28 -0.27 -0.26 -0.27
010 -047 -0.50 -0.52 -0.52 -0.53 -0.63 -0.64
N1l -0.74 -0.76 -0.77 -0.79 -0.79 -0.85 -0.81
H12  0.31 0.33 0.36 0.36 0.36 0.41 0.40
H13 034 0.35 0.36 0.36 0.36 0.40 0.40
H14  0.38 0.39 0.41 0.42 0.41 0.46 0.47
H15 0.20 0.20 0.20 0.20 0.21 0.21 0.21

Table S13: Charge distribution (e) for “U base in gas phase, dioxane and water obtained at MP2/cc-pVDZ
level.

Atom  Gas Dioxane Water
PCM ASEC-DIP ASEC-FEG PCM ASEC-DIP ASEC-FEG
N1 -0.60 -0.60 -0.61 -0.62 -0.60 -0.65 -0.66
c2 0.73 0.74 0.76 0.76 0.76 0.84 0.84
N3 -0.61 -0.61 -0.63 -0.62 -0.61 -0.65 -0.65
Cc4 0.30 0.30 0.31 0.31 0.30 0.32 0.32
C5 0.09 0.09 0.09 0.09 0.09 0.08 0.07
Cco6 0.58 0.59 0.60 0.60 0.60 0.66 0.67
N7 -0.35 -0.37 -0.39 -0.39 -0.42 -0.45 -0.44
S8 0.24 0.25 0.24 0.24 0.26 0.29 0.29
9 -0.35 -0.34 -0.34 -0.34 -0.32 -0.30 -0.30
010 -0.45 -0.47 -0.49 -0.49 -0.51 -0.58 -0.60
o111  -0.52 -0.54 -0.55 -0.56 -0.56 -0.65 -0.66
H12 0.34 0.35 0.38 0.38 0.36 0.41 0.43
HI13  0.37 0.38 0.40 0.40 0.39 0.44 0.46
H14 022 0.23 0.23 0.23 0.24 0.24 0.24
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Table S14: Charge distribution (e) for “I base in gas phase, dioxane and water obtained at MP2/cc-pVDZ
level.

Atom  Gas Dioxane Water
PCM ASEC-DIP ASEC-FEG PCM ASEC-DIP ASEC-FEG
N1 -0.61 -0.61 -0.61 -0.60 -0.60 -0.63 -0.60
C2 0.44 0.45 0.46 0.45 0.47 0.52 0.51
N3 -0.62 -0.64 -0.65 -0.65 -0.66 -0.72 -0.71
C4 0.45 0.45 0.46 0.46 0.46 0.49 0.49
C5 -0.02 -0.02 -0.02 -0.01 -0.01 -0.03 0.00
C6 0.65 0.65 0.65 0.65 0.66 0.73 0.70
N7 -0.33 -0.36 -0.37 -0.36 -0.40 -0.43 -0.44
S8 0.22 0.24 0.24 0.23 0.26 0.29 0.30
c9 -0.31 -0.31 -0.32 -0.32 -0.30 -0.31 -0.31
Oo10 -048 -0.50 -0.50 -0.51 -0.54 -0.61 -0.63
Hl11 0.35 0.36 0.36 0.36 0.38 0.38 0.38
H12 0.21 0.21 0.23 0.23 0.22 0.24 0.25
H13  0.06 0.06 0.06 0.06 0.07 0.07 0.07
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