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Table S1: Acidity, and the Corresponding Effects of Solvation on the Acidity (A,), of Uracil in a Variety of Media (kJ mol™).

Gas-Phase Geometries® Solvent-Phase Geometries®

Onsager PCM Onsager PCM
Solvent System e Acidity! Awn®  Acidity! Agn’  Acidity? Agy®  Acidity’ A’
gas 1 1389.4 1389.4 1389.4 1389.4
argon (Ar) 1.43 13914 -2.0 1334.7 54.7 1391.3 -1.9 13353 54.1
krypton (Kr) 1.519 1391.7 -2.3 13274  62.0 1391.6 -2.2 1328.0 61.4
heptane (C7H¢) 1.92 13929 -35 1302.5 86.9 1392.8 -34 1303.5 85.9
benzene (CsHp) 2.247 1393.6 -4.2 1289.2 100.2 13935 -4.1 1290.4  99.0
ether (CH;CH,OCH,CH3) 4.335 1396.1 -6.7 1251.9 137.5 13959 -6.5 1254.0 1354
chloroform (CHCls) 49 1396.5 -7.1 1247.3 142.1 1396.3 -6.9 1249.6  139.8
tetrahydrofuran (THF) 7.58 1397.5 -8.1 12349 154.5 13974 -8.0 1237.9 151.5
ethanol (CH;CH,OH) 24.55 1399.1 -9.7 1219.6  169.8 1398.9 -9.5 1223.6 165.8
methanol (CH;0H) 32.64 1399.2 9.8 1217.9 171.5 1399.1 -9.7 1222.0 1674
dimethylsulfoxide (DMSO) 46.7 13994 -10.0 1216.3 173.1 1399.3 -99 1220.3 169.1
water (H,0) 78.39 1399.6 -10.2 1214.8 174.6 1399.4 -10.0 1219.0 170.4

*The N1 acidities were obtained from Onsager or PCM B3LYP/6-311+G(2d,p) single-point calculations on B3LYP/6-31+G(d,p)
geometries optimized in the gas phase. °The N1 acidities were obtained from Onsager or PCM B3LYP/6-311+G(2d,p) single-point
calculations on B3LYP/6-31+G(d,p) geometries optimized in the solvent phase. ‘Dielectric constant of the surrounding media.
dAcidi‘[y is defined as the deprotonation enthalpy. Aoy is defined as the difference in the gas and solvent phase acidities, where a
negative value implies a decrease in acidity upon solvation.



Table S2: Acidity of the Uracil-Water O2(N3) Complex (kJ mol™) Calculated in a Variety of Media Using PCM and Geometries
Obtained With Different Basis Set.”

6-31+G(d,p) Geometries 6-31G(d) Geometries
Gas Phase " Solvent Phase © Gas Phase " Solvent Phase ©
el Acidity® A Acidity® Ay Acidity® Agn'  Acidity®  Ag

Gas 1 1369.1 1369.1 1371.0 1371.0
Ar 1.43 1317.8 513 13184 50.7 13199 51.1 13204 50.6
Kr 1.519 13109 58.2 1311.6  57.5 1313.0 58.0 1313.6 574
C7Hi6 1.92 1288.0 81.1 1289.6  79.5 1290.2  80.8 1291.1 799
CeHg 2247 12753 93.8 1277.1  92.0 1277.7  93.3 1278.8 922
CH;CH,OCH,CH; 4.335 1240.3 128.8 1243.1 1279 1244.8 126.2
CHCl; 49 1236.0 133.1 1238.8 132.2 1240.9 130.1
THF 7.58 1224.5 144.6 1227.5 1435 1230.1 140.9
CH;CH,OH 24.55 1209.8 159.3 1213.3 157.7 1217.0 154.0
CH;0H 32.64 1207.8 161.3 1211.6 159.4 12152 155.8
DMSO 46.7 1207.1 162.0 1210.4 160.6 1214.0 157.0
H,O 78.39 1203.9 165.2 1208.8 162.2 1212.6 158.4

“See Figure 2 for the structure of the uracil-water O2(N3) complex, where XH = H,O. "The N1 acidities were obtained from PCM
B3LYP/6-311+G(2d,p) single-point calculations on B3LYP geometries optimized in the gas phase. “The N1 acidities were obtained
from PCM B3LYP/6-311+G(2d,p) single-point calculations on B3LYP geometries optimized in the solvent phase. ‘Dielectric
constant of the surrounding media. °Acidity is defined as the deprotonation enthalpy. ‘A is defined as the difference in the gas and
solvent phase acidities, where a positive value implies an increase in acidity upon solvation.
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Table S3: Calculated (N1) Acidities (kJ mol ") of Uracil Complexes with Hydrogen Fluoride, Water, and
Ammonia in Ether and Water.*”

Ether® Water?
O2(N3) O4(N3) O04(C5) Acidity® Axu' Additivity® A" Acidity® Axu' Additivity! A"
1251.9 1214.8
HF 1213.1 38.8 11812  33.6
HF 1219.8  32.1 11843 305
HF 12223 296 11913 23.5
H,0 12404 115 12040 108
H,0 12432 8.7 12047  10.1
H0 12412 107 1207.1 7.7
NH; 12584  -6.5 1218.1 33
NH; 12582  -6.3 12172 24
NH; 12484 35 1210.6 4.2
HF HF 11857 66.2 68.4 2.2 11583  56.5 57.1 -0.6
HF H,O 12035 484 49.5 -1.1 1173.0 418 41.3 0.5
HF NH;  1210.5 414 423 -0.9 1177.1 377 37.8 -0.1
H,0 HF 12146 373 41.1 -3.8 11844 304 34.3 3.9
H,0 H,0  1231.1 208 22.2 -1.4 1197.6 172 18.5 -1.3
H,0 NH;  1237.7 142 15.0 -0.8 1200.7  14.1 15.0 -0.9
NH; HF 12234 285 23.1 5.4 1190.8  24.0 20.2 3.8
NH; H0 12529 -1.0 4.2 -5.2 12178 -3.0 4.4 7.4
NH; NH; 12582 -6.3 -3.0 -3.3 12194 -4.6 0.9 -5.5
HF HF 12012 507 61.7 -11.0 11727 42.1 54.0 -11.9
HF H0 12125 394 42.8 3.4 1178.6 362 38.2 2.0
HF NH; 12182 33.7 35.6 -1.9 1181.5 333 34.7 1.4
H,0 HF 12206 313 38.3 -7.0 1189.0 258 33.6 7.8
H,0  H,0 12348 17.1 19.4 2.3 1199.4 154 17.8 2.4
H,0O NH; 12425 94 12.2 2.8 1202.7  12.1 14.3 2.2
NH; HF 12407 112 23.3 -12.1 1204.1  10.7 21.1 -10.4
NH; H,0 12512 0.7 4.4 -3.7 12145 0.3 5.3 -5.0
NH; NH; 12583 -6.4 2.8 -3.6 12154 -0.6 1.8 2.4

*The N1 acidities were obtained from PCM B3LYP/6-311+G(2d,p) single-point calculations on gas-phase
B3LYP/6-31+G(d,p) geometries. "See Figure 2 for site notation. “Dielectric constant of 4.335
implemented. “Dielectric constant of 78.39 implemented. °Acidity is defined as the deprotonation
enthalpy. "The effect of XH on the acidity of uracil, which is calculated as difference in the acidity of free
uracil and the uracil-XH complex. #The additive effects of two small molecules, which is calculated as
the sum of the individual Axy. "The deviation from additivity, which is calculated as Axy minus
Additivity.



Table S4: Calculated (N9) Acidities (kJ mol ') of Guanine in Complexes with Hydrogen Fluoride,
Water, and Ammonia in Ether and Water.*®

Ether® Water*

06-N7 N3(N2) O6(N1) Acidity® Axu' Additivity® A" Acidity® Axu' Additivity!® A"

H,0 1254.1 112 12214 47

HF 1232.7 326 11989 272

NH; 12648 0.5 1229.7  -3.6

H,0 12552 10.1 12212 49

HF 1241.8 235 1208.8 17.3

NH; 1268.5 -3.2 12314 -53

H,0 12573 8.0 12194 6.7

HF 12416 23.7 1206.4 19.7

NH; 12707 -5.4 12299 -3.8
H,0  H,0 1245.0 20.3 21.3 -1.0 1217.1 9.0 9.6 -0.6
H,0 HF 12329 324 34.7 2.3 12073 188 22.0 3.2
H,0  NH; 12582 7.1 8.0 -0.9 12274 -13 -0.6 -0.7
HF H,0 12269 38.4 42.7 -4.3 1199.5  26.6 32.1 -5.5
HF HF 12152 50.1 56.1 -6.0 1189.7 36.4 44.5 -8.1
HF NH; 1239.9 254 29.4 -4.0 12094  16.7 21.9 5.2
NH;  H,0 12555 9.8 10.6 -0.8 12256 0.5 1.3 -0.8
NH; HF 1241.8 235 24.0 -0.5 12142 119 13.7 -1.8
NH;  NH; 12682 2.9 2.7 -0.2 12352 -9.1 -8.9 -0.2
H,0 H,0 12488 16.5 19.2 2.7 12167 9.4 11.4 2.0
H,0 HF  1233.0 323 34.9 2.6 12052 209 24.4 -3.5
H,0 NH; 12603 5.0 5.8 -0.8 1228.1 2.0 0.9 2.9
HF H,0 12305 3438 40.6 -5.8 1198.6 27.5 33.9 -6.4
HF HF 12134 519 56.3 4.4 11854  40.7 46.9 -6.2
HF NH; 12418 235 272 -3.7 12069 19.2 23.4 4.2
NH; H,0 12586 6.7 8.5 -1.8 12239 22 3.1 -0.9
NH; HF 12405 248 24.2 0.6 12102 159 16.1 -0.2
NH; NH; 12705 -52 -4.9 -0.3 12333 -72 7.4 0.2
H,0 H,O 12497 156 18.1 2.5 12168 9.3 11.6 2.3
H,0 HF 12341 312 33.8 2.6 12053 208 24.6 -3.8
H,0 NH; 12618 3.5 4.7 -1.2 12259 0.2 1.1 -0.9
HF H,0 12360 293 31.5 2.2 1204.0 22.1 24.0 -1.9
HF HE 12223 43.0 472 -4.2 1195.8 303 37.0 -6.7
HF NH; 12503 15.0 18.1 3.1 12166 9.5 13.5 -4.0
NH; H,0 12623 3.0 4.8 -1.8 12263  -0.2 1.4 -1.6
NH; HF 12480 173 20.5 3.2 12164 9.7 14.4 -4.7
NH; NH; 12735 -82 -8.6 0.4 12344  -83 9.1 0.8
H,0  H,0 H,O0 12403 25.0 29.3 -4.3 12126 135 16.3 2.8
H,0  H,0 HF 12253 400 45.0 -5.0 1201.5 246 29.3 -4.7
H,0 H,0  NH; 12513 140 15.9 -1.9 12212 49 5.8 -0.9
H,0 HF H,0 12292 36.1 42.7 -6.6 1203.9 222 28.7 -6.5
H,0 HF HF 12135 518 58.4 -6.6 11925 336 41.7 -8.1
H,0 HF NH;  1240.7 24.6 29.3 -4.7 1213.0  13.1 18.2 -5.1
H,0  NH; H,0 12528 125 16.0 3.5 12225 3.6 6.1 2.5
H,0  NH; HF  1239.6 257 31.7 -6.0 1213.6  12.5 19.1 -6.6
H,0  NH; NH; 12635 18 2.6 -0.8 12303 -4.2 -4.4 0.2
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HF
HF
HF
HF
HF
HF
HF
HF
HF
NH;
NH;
NH;
NH;
NH;
NH;
NH;
NH;
NH;

H,O
H,O
H,O
HF
HF
HF
NH;
NH;
NH;
H,O
H,O
H,O
HF
HF
HF
NH;
NH;
NH;

H,O
HF
NH;
H,O
HF
NH;
H,O
HF
NH;
H,O
HF
NH;
H,O
HF
NH;
H,O
HF
NH;

1222.1
1207.6
1232.9
1211.7
1189.4
1223.0
1234.7
1222.6
1244.8
1249.8
1231.8
1261.1
1238.1
1218.6
1250.1
1262.4
1247.3
1272.7

43.2
57.7
32.4
53.6
75.9
423
30.6
42.7
20.5
15.5
33.5
4.2
27.2
46.7
15.2
2.9
18.0
-7.4

50.7
66.4
37.3
64.1
79.8
50.7
37.4
53.1
24.0
18.6
343
5.2
32.0
47.7
18.6
53
21.0
-8.1

-7.5
-8.7
-4.9
-10.5
-3.9
-8.4
-6.8
-10.4
-3.5
-3.1
-0.8
-1.0
-4.8
-1.0
-3.4
-2.4
-3.0
0.7

1195.1
1184.5
1203.0
1186.8
1168.0
1195.5
1204.8
1197.1
1212.0
1219.8
1206.3
1228.7
1210.5
1195.3
1220.0
1229.6
1218.6
1237.5

31.0
41.6
23.1
39.3
58.1
30.6
21.3
29.0
14.1
6.3
19.8
-2.6
15.6
30.8
6.1
-3.5
7.5

-11.4

38.8
51.8
28.3
51.2
64.2
40.7
28.6
41.6
18.1
8.0
21.0
-2.5
204
33.4
9.9
2.2
10.8
-12.7

-7.8
-10.2
-5.2
-11.9
-6.1
-10.1
-7.3
-12.6
-4.0
-1.7
-1.2
-0.1
-4.8
-2.6
-3.8
-1.3
-3.3
1.3

*The N9 acidities were obtained from PCM B3LYP/6-311+G(2d,p) single-point calculations on gas-phase
B3LYP/6-31+G(d,p) geometries. "See Figure 3 for site notation. “Dielectric constant of 4.335

implemented. “Dielectric constant of 78.39 implemented. °Acidity is defined as the deprotonation

enthalpy. "The effect of XH on the acidity of uracil, which is calculated as difference in the acidity of free
uracil and the uracil-XH complex. ®The additive effects of two small molecules, which is calculated as
the sum of the individual Axy. "The deviation from additivity, which is calculated as Axy minus

Additivity.



Table S5: Calculated (N9) Acidities (kJ mol ') of 8-oxoguanine in Complexes with Hydrogen Fluoride, Water, and Ammonia in

Ether and Water.*®
Gas® Ether? Water®

O6(N7) OB8(N7) N3(N2) O6(N1) Acidity' Axy® Additivity” A" Acidity’ Axy® Additivity"” A’ Acidity’ Axy®  Additivity"” A’

H,0 14018 6.6 12648 32 12219 26

HF 1379.6  28.7 1246.6 214 1206.5  18.0

NH, 1421.1  -12.8 1277.1 9.1 1230.7  -6.2

H,0 1389.1 192 12559 12.1 1213.0 115

HF 1360.1 483 1229.6 384 11924  32.1

NH; 14129  -46 12747 6.7 12298  -5.3

H,0 1387.8  20.5 12588 9.2 12205 4.0

HF 13703 38.1 12439  24.1 12064  18.1

NH, 1407.1 12 12719 -39 12303 -5.8

H,0 13981 103 12613 6.7 12189 5.6

HF 1371.1 372 12408 272 1201.6  22.9

NH;, 14175 9.1 12739  -59 12283 38
H,0 HF 1359.5 489 54.9 6.0 12374 306 41.6 -11.0 1200.0 24.5 34.7 -10.2
HF H,0 13564 519 47.9 40 12398 282 335 -5.3 1201.4  23.1 29.5 6.4
HF HF 13365 718 77.0 52 12226 454 59.8 -14.4 1189.1 354 50.1 14.7
H,0 H,0 1382.8 255 27.1 -1.6 12576 104 12.4 2.0 12196 49 6.6 1.7
H,0 HF 1366.0 42.3 44.7 2.4 12437 243 273 -3.0 1207.4  17.1 20.7 3.6
H,0 NH; 14014 7.0 7.8 0.8 12688 -0.8 -0.7 -0.1 12274 2.9 -3.2 -0.3
HF H,0 1361.5 468 49.2 2.4 12409 271 30.6 -3.5 1205.7 188 22.0 3.2
HF HF 13435 649 66.8 -1.9 12277 403 455 -5.2 11948 29.7 36.1 6.4
HF NH, 13813 27.1 29.9 2.8 12550 13.0 17.5 4.5 12169 7.6 12.2 4.6
NH, H,0 14013 7.1 7.7 0.6 12679 0.1 0.1 0.0 12261  -16 2.2 0.6
NH; HF 1385.0 234 25.3 -1.9 12564 116 15.0 3.4 12170 75 11.9 4.4
NH; NH; 14177 =93 -11.6 23 12785 -105 -13.0 2.5 12340 9.5 -12.0 2.5
H,0 H,0 13936 147 16.9 22 12615 6.5 9.9 3.4 1219.6 49 8.2 3.3
H,0 HF 1370.5 378 43.8 6.0 1243.8 242 30.4 -6.2 12059  18.6 25.5 6.9
H,0 NH; 14113 2.9 2.5 04 12710 -3.0 2.7 -0.3 12263  -1.8 1.2 0.6
HF H,0 13751 332 39.0 5.8 12466 214 28.1 -6.7 1207.4  17.1 23.6 6.5
HF HF 13512 572 65.9 8.7 12305 375 48.6 -11.1 11958  28.7 40.9 12.2
HF NH; 13928 156 19.6 4.0 12574  10.6 15.5 4.9 12157 8.8 14.2 5.4
NH, H,0 14117 -34 2.5 0.9 12717 -37 2.4 -1.3 12262 -1.7 0.6 1.1

NH, HF 1387.4  21.0 24.4 -3.4 12545 135 18.1 -4.6 1213.8 10.7 16.7 6.0
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H,0O
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HF
HF
HF
HF
H,0
H,0
HF

H,0
H,0
H,0
HF
HF
HF
NH;
NH;
NH;
H,0
H,0
H,0
HF
HF
HF
NH;
NH;

HF
HF
H,0
H,0

HF
HF
HF
HF

H,0

H,0
HF
NH;
H,0
HF
NH;
H,0
HF
NH;

NH;

H,0
HF
NH,
H,0
HF
NH;
H,0
NH;
H,0
HF
NH,
H,0
HF
NH,
H,0
HF
NH;

H,0

H,0

1429.3
1370.2
1354.3
1388.2
1341.8
1325.1
1360.6
1393.3
1377.6
1410.8
1380.9
1356.4
1398.3
1353.2
1328.2
1371.0
1403.8
1420.6
1378.6
1353.1
1397.5
1362.3
1335.8
1381.9
1397.3
1372.5
1414.8
1342.3
1326.3
1339.3
1323.8
1320.1
1302.7
1339.8
1353.8
1332.2
1353.7

-21.0
38.2
54.0
20.2
66.6
83.2
47.8
15.1
30.7
-2.4
27.4
51.9
10.0
55.2
80.1
374
4.6
-12.3
29.8
55.2
10.9
46.1
72.5
26.5
11.0
35.8
-6.4
66.1
82.1
69.0
84.6
88.2
105.7
68.6
54.5
76.2
54.6

-21.9
39.7
57.3
20.4
68.8
86.4
49.5
15.9
335
-3.4
29.5
56.4
10.1
58.6
85.5
39.2

5.7

-13.7
30.8
57.7
11.4
48.4
75.3
29.0
11.5
38.4
-7.9
75.4
93.0
68.4
86.0
97.5
115.1
78.2
65.2
92.1
58.2

0.9
-1.5
-3.3
-0.2
2.2
-3.2
-1.7
-0.8
-2.8
1.0
-2.1
-4.5
-0.1
-3.4
-5.4
-1.8
-1.1
1.4
-1.0
-2.5
-0.5
-2.3
-2.8
-2.5
-0.5
-2.6
1.5
9.3
-10.9
0.6
-1.4
-9.3
-9.4
-9.6
-10.7
-15.9
-3.6

1282.9
1247.9
1235.7
1259.5
1223.9
1212.0
1237.3
1265.7
1255.0
1277.3
1251.5
1233.7
1261.1
1227.6
1211.1
1238.7
1268.7
1279.1
1253.1
1235.2
1264.7
1240.8
1222.9
1253.6
1265.8
1249.9
1276.4
1229.6
1217.8
1231.6
1220.7
1215.1
1202.3
1230.5
1233.4
1219.0
1238.5

-14.9
20.1
323
8.5
441
56.0
30.7
23
13.0
93
16.5
343
6.9
40.4
56.9
29.3
-0.7
-11.1
14.9
32.8
33
27.2
45.1
14.4
2.2
18.1
-8.4
384
50.2
36.4
47.3
52.9
65.7
37.5
34.6
49.0
29.5

-15.0
213
36.2
8.2
47.6
62.5
34.5
2.5
17.4
-10.6
18.8
393
6.2
45.1
65.6
325
0.0
-12.6
15.9
36.4
33
30.8
51.3
18.2
2.8
233
-9.8
50.8
65.7
42.7
57.6
69.0
83.9
55.9
483
68.8
40.2

0.1
-1.2
-3.9
0.3
-3.5
-6.5
-3.8
-0.2
-4.4
1.3
-2.3
-5.0
0.7
-4.7
-8.7
-3.2
-0.7
1.5
-1.0
-3.6
0.0
-3.6
-6.2
-3.8
-0.6
-5.2
1.4
-12.4
-15.5
-6.3
-10.3
-16.1
-18.2
-18.4
-13.7
-19.8
-10.7

1234.4
1210.4
1199.9
1218.8
1192.0
1182.1
1202.7
1226.0
1217.6
1234.6
1209.9
1195.9
1216.4
1191.3
1179.0
1199.9
1224.9
1232.2
1215.4
1202.0
1223.7
1205.3
1192.0
1215.2
1224.5
1213.6
1232.5
1196.8
1186.5
1197.8
1188.2
1186.1
1174.9
1199.1
1196.7
1186.0
1200.4

-9.9
14.1
24.6
5.7
325
424
21.8
-1.5
6.9
-10.1
14.6
28.6
8.1
33.2
45.5
24.6
-0.4
=17
9.1
22.5
0.8
19.2
325
9.3
0.0
10.9
-8.0
27.7
38.0
26.7
36.3
38.4
49.6
25.4
27.8
38.5
24.1

-10.0
15.5
29.6
5.7
36.1
50.2
26.3
-1.3
12.8
-11.1
17.1
344
7.7
37.7
55.0
28.3
0.3
-9.1
9.6
26.9
0.2
23.7
41.0
14.3
-0.2
17.1
-9.6
38.7
52.8
33.5
47.6
54.1
68.2
443
40.3
57.6
35.1

-0.1
1.4
5.0
0.0
3.6
7.8
4.5
0.2
5.9

-1.0
2.5
5.8

-0.4
4.5
9.5
3.7
0.7

-1.4
0.5
4.4

-0.6
4.5
8.5
5.0

-0.2
6.2

-1.6

11.0

14.8
6.8

11.3

15.7

18.6

18.9

12.5

19.1

11.0
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NH;
NH;
NH;
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NH;
NH;
NH;
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HF

H,O
H,O
H,0
H,0
H,0
H,0

H,0O
H,0
H,0
HF
HF
HF
NH;
NH;
NH;
H,0O
H,0O
H,0O
HF
HF
HF
NH;
NH;
NH;
H,0
H,0
H,0
HF
HF
HF
NH;
NH;
NH;
H,O
H,0
H,0

HF
HF

HF
H,0
HF
NH;
H,0O
HF
NH;
H,0
HF
NH;
H,0
HF
NH;
H,0O
HF
NH;
H,0
HF
NH;
H,0
HF
NH;
H,0
HF
NH;
H,0O
HF
NH;
H,0

NH;
H,0

NH;
H,0

NH;

1332.2
13344
1311.2
1351.3
1375.6
1353.3
1393.1
1359.8
1336.8
1377.5
1393.9
1372.4
1409.5
1357.4
1334.7
1374.8
1340.5
1316.5
1358.7
1376.6
1354.6
1392.6
1392.9
1369.8
1410.0
1377.5
1353.5
1395.0
1410.0
1388.0
1426.5
1362.4
1339.5
1379.6
1347.8
1324.0
1365.7

76.1
73.9
97.1
57.1
32.8
55.0
15.2
48.6
71.6
30.8
14.4
35.9
-1.1
51.0
73.6
33.6
67.9
91.9
49.6
31.7
53.7
15.7
15.4
38.5
-1.7
30.8
54.9
13.3
-1.6
20.4
-18.1
46.0
68.9
28.8
60.5
84.4
42.6

85.1
87.3

114.2

67.9
374
64.3
18.0
55.0
81.9
35.6
18.1
45.0
-1.3
59.5
86.4
40.1
77.1

104.0

57.7
40.2
67.1
20.8
18.0
44.9
-1.4
35.6
62.5
16.2
-1.3
25.6
-20.7
50.0
76.9
30.6
67.6
94.5
48.2

-9.0
-13.4
-17.1
-10.8

-4.6

-9.3

-2.8

-6.4
-10.3

-4.8

-3.7

-9.1

0.2

-8.5
-12.8

-6.5

-9.2
-12.1

-8.1

-8.5
-13.4

-5.1

-2.6

-6.4

-0.3

-4.8

-7.6

-2.9

-0.3

-5.2

2.6

-4.0

-8.0

-1.8

-7.1
-10.1

-5.6

1224.5
1221.4
1205.8
1231.8
1251.1
1236.2
1263.2
1239.9
1224.5
1251.7
1264.7
1250.7
1274.8
1238.5
1223.2
1249.4
1226.4
1209.8
1237.9
1252.6
1239.6
1262.1
1262.9
1247.0
1274.3
1251.9
1235.5
1263.8
1274.9
1260.1
1285.3
1241.5
1226.1
1252.5
1231.1
1215.5
1242.8

43.5
46.6
62.2
36.2
16.9
31.8
4.8
28.1
43.5
16.3
33
17.3
-6.8
29.5
44.8
18.6
41.6
58.2
30.1
15.4
28.4
59
5.1
21.0
-6.3
16.1
325
4.2
-6.9
7.9
-17.3
26.5
41.9
15.5
36.9
52.5
25.2

60.7
66.5
87.0
53.9
19.1
39.6
6.5
34.0
54.5
21.4
6.0
26.5
-6.6
373
57.8
24.7
522
72.7
39.6
24.2
44.7
11.6
6.8
273
-5.8
21.7
42.2
9.1
-6.3
14.2
-18.9
28.0
48.5
15.4
429
63.4
30.3

-17.2
-19.9
-24.8
-17.7
2.2
-7.8
-1.7
-5.9
-11.0
-5.1
-2.7
-9.2
-0.2
-7.8
-13.0
-6.1
-10.6
-14.5
-9.5
-8.8
-16.3
-5.7
-1.7
-6.3
-0.5
-5.6
-9.7
-4.9
-0.6
-6.3
1.6
-1.5
-6.6
0.1
-6.0
-10.9
-5.1

1189.7
1188.4
1175.9
1196.3
1213.8
1202.8
1222.8
1204.5
1192.7
1213.6
12234
1214.6
1231.4
1204.1
1193.2
1212.0
1194.1
1181.9
1203.1
1214.7
1207.0
1222.1
1221.2
1210.3
1230.2
1212.6
1201.5
1222.0
1230.5
1221.3
1238.6
1204.3
1193.2
1213.0
1196.0
1184.4
1205.3

34.8
36.1
48.6
28.2
10.7
21.7
1.7
20.0
31.8
10.9
1.1
9.9
-6.9
20.4
313
12.5
30.4
42.6
214
9.8
17.5
24
3.3
14.2
-5.7
11.9
23.0
2.5
-6.0
32
-14.1
20.2
313
11.5
28.5
40.1
19.2

524
55.7
73.0
46.3
12.2
29.5
2.8
26.3
43.6
16.9
2.4
19.7
-7.0
27.6
44.9
18.2
41.7
59.0
323
17.8
35.1
8.4
34
20.7
-6.0
17.5
34.8
8.1
-6.4
10.9
-15.8
21.1
38.4
11.7
35.2
52.5
25.8

17.6
19.6
24.4
18.1
1.5
7.8
1.1
6.3
11.8
6.0
1.3
9.8
-0.1
7.2
13.6
5.7
11.3
16.4
10.9
8.0
17.6
6.0
0.1
6.5
-0.3
5.6
11.8
5.6
-0.4
7.7
-1.7
0.9
7.1
0.2
6.7
12.4
6.6




H,O
H,O
H,0
H,0
HF
HF
HF
HF
HF
HF
HF
HF
HF
HF

H,0
H,0
H,0
HF
HF
HF
HF
HF
HF
HF
HF
HF
NH;
NH;
NH;
NH;
NH;
NH;
NH;
HF
HF
HF
HF
H,0
H,0
H,0
HF
HF
HF
HF
HF
HF
HF

NH;
NH,
NH;
H,0
H,0
H,0
HF
HF
HF
NH;
NH;
NH,
H,0
H,0
HF
HF
NH;
NH;
NH;
H,0
H,0
HF
HF
H,0
HF
HF
H,0
H,0
HF
HF
HF
NH;
NH,

NH,

1380.2
1358.0
1396.0
13354
1311.9
1353.0
1320.2
12954
1338.3
1353.8
1331.1
1369.9
1385.3
1401.6
1370.6
1387.4
1401.7
1379.6
1417.3
1337.2
1316.5
1322.3
1300.6
1316.9
1322.2
1301.1
1318.0
1296.2
1301.6
1278.2
1318.8
1315.8
1352.1

28.1
50.4
12.3
73.0
96.5
554
88.2
113.0
70.0
54.6
77.3
384
23.0
6.8
37.7
20.9
6.7
28.7
-9.0
71.2
91.9
86.1
107.8
91.4
86.2
107.2
90.4
112.1
106.7
130.2
89.6
92.6
56.2

30.7
57.6
11.3
79.1
106.0
59.7
96.7
123.6
77.3
59.8
86.7
40.4
26.2
6.8
43.8
24.4
6.9
33.8
-12.5
85.7
112.6
103.3
130.2
105.6
96.3
123.2
107.8
134.7
125.4
152.3
106.0
115.4
69.1

-2.6
-7.2
1.0
-6.1
-9.5
-4.3
-8.5
-10.6
-7.3
-5.2
-9.4
-2.0
-3.2
0.0
-6.1
-3.5
-0.2
-5.1
3.5
-14.5
-20.7
-17.2
-22.4
-14.2
-10.1
-16.0
-17.4
-22.6
-18.7
-22.1
-16.4
-22.8
-12.9

12543
1240.3
1264.2
1219.2
1203.7
1230.7
1208.6
1192.0
1220.5
1232.8
1219.3
1242.5
1260.3
1270.7
1250.2
1261.0
1271.7
1258.3
1281.1
1225.6
1211.7
1214.7
1200.4
1216.3
1219.3
1204.5
1213.6
1198.7
1201.7
1185.3
1213.0
1216.4
1237.1

13.7
27.7
3.8
48.8
64.3
373
594
76.0
47.5
35.2
48.7
25.5
7.7
-2.7
17.8
7.0
-3.7
9.7
-13.1
42.4
56.3
533
67.6
51.7
48.7
63.5
544
69.3
66.3
82.7
55.0
51.6
30.9

14.9
35.4
23
54.3
74.8
41.7
69.2
89.7
56.6
41.2
61.7
28.6
9.2
-3.4
24.1
11.5
-3.9
16.6
-16.5
57.5
78.0
72.4
92.9
69.9
64.3
84.8
75.7
96.2
90.6
111.1
78.0
83.1
50.0

-1.2
-1.7
1.5
-5.5
-10.5
-4.4
-9.8
-13.7
9.1
-6.0
-13.0
-3.1
-1.5
0.7
-6.3
-4.5
0.2
-6.9
34
-15.1
-21.7
-19.1
-25.3
-18.2
-15.6
-21.3
-21.3
-26.9
-243
-28.4
-23.0
-31.5
-19.1

1213.8
1204.7
1221.3
1187.9
1176.5
1196.5
1179.3
1166.7
1188.6
1198.1
1189.8
1206.0
1220.6
1228.7
1212.8
1221.3
1229.2
1221.3
1236.1
1193.4
1183.4
1184.4
1173.7
1186.4
1187.5
1176.7
1185.0
1173.7
1174.9
1161.7
1183.7
1189.2
1203.6

10.7
19.8
3.2
36.6
48.0
28.0
45.2
57.8
35.9
26.4
34.7
18.5
3.9
-4.2
11.7
32
-4.7
32
-11.6
31.1
41.1
40.1
50.8
38.1
37.0
47.8
39.5
50.8
49.6
62.8
40.8
353
20.9

11.3
28.6
1.9
41.7
59.0
323
55.8
73.1
46.4
31.9
49.2
22.5
43
-5.1
18.4
9.0
-5.5
11.8
-14.9
443
61.6
58.4
75.7
56.4
53.2
70.5
59.7
77.0
73.8
91.1
64.4
67.2
40.5

0.6
8.8
-1.3
5.1
11.0
43
10.6
15.3
10.5
5.5
14.5
4.0
0.4
-0.9
6.7
5.8
-0.8
8.6
-3.3
13.2
20.5
18.3
24.9
18.3
16.2
22.7
20.2
26.2
242
28.3
23.6
31.9
19.6
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*The N9 acidities were obtained from B3LYP/6-311+G(2d,p) single-point calculations on gas-phase B3LYP/6-31+G(d,p) geometries.

"See Figure 6 for site notation. “Gas-phase single-point calculations. pCM single-point calculations using a dielectric constant of
4.335. °PCM single-point calculations using a dielectric of 78.39. fAcidity is defined as the deprotonation enthalpy. ®The effect of



XH on the acidity of uracil, which is calculated as difference in the acidity of free uracil and the uracil-XH complex. "The additive
effects of two small molecules, which is calculated as the sum of the individual Axy. 'The deviation from additivity, which is
calculated as Axy minus Additivity.
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