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Abstract Geometries and combination energies are predicated at B3LYP/6-31G d and MP2/6-31G d level for
thymine-BH, complexes and 5 geometries have been obtained. Then single point energy calculations using larger
basis sets 6-311 + G 2df and aug-cc-pVDZ and vibrational analysis and natural bond orbital analysis are car-
ried out on the 5 optimized conformers. The outcome indicates that the conformers with the boron atom combined
with O directly are relatively stable ones a and b with the combination energies of 90.4 and 88. 0 kJ/mol

B3LYP/6-31G d BSSE corrected . The fact is that the nitrogen atom offers electron to the empty atomic orbital
of boron which produces the conformers ¢ and d . Only one conformer is found which is formed because two
carbon atoms offer 1 electron to the empty orbital of boron. The charge transference exists in all the conformers.
The combination energies have a good line relation with their charge transference. The calculated results show that
when the complex forms their IR spectrum moved to the red side and the frequency shifts are relative to the stabili-
ties of the complexes.
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. Distance from boron atom to C5 — C6 bond.

.Y which is the atom in the adenine fragment is the closest atom to boron X and X' are the atoms attached to Y.
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Fig. 1  Optimized structures of thymine-BH; system
1 BH,
Table 1  Principal structure parameters of free CsN,0,Hs BH; and C5N, 0, Hs-BH; complex
Structural CsN, 0, Hs/BH, a
parameters" B3LYP®  MPp2° B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2
R N1-C2 0.1390 0.1386 0.1392 0.1386 0.1356 0.1353 0.1415 0.1450 0.1379 0.1375 0.1397 0.1398
R NI -C6 0.1380 0.1380 0.1374 0.1375 0.1383 0.1384 0.1432 0.1433 0.1384 0.1387 0.1369 0.1364
R C2-N3 0.1387 0.1386 0.1394 0.1396 0.1361 0.1362 0.1375 0.1374 0.1440 0.1444 0.1386 0.1384
R C2-08 0.1217 0.1225 0.1212 0.1220 0.1255 0.1259 0.1206 0.1213 0.1207 0.1215 0.1214 0.1220
R N3 -C4 0.1408 0.1404 0.1370 0.1366 0.1418 0.1412 0.1408 0.1405 0.1469 0.1467 0.1405 0.1401
R C4-C5 0.1468 0.1462 0.1447 0.1444 0.1468 0.1462 0.1479 0.1474 0.1461 0.1457 0.1481 0.1479
R C4-07 0.1222 0.1230 0.1258 0.1262 0.1217 0.1226 0.1216 0.1225 0.1210 0.1218 0.1217 0.1224
R C5-C6 0.1352 0.1355 0.1357 0.1358 0.1352 0.1355 0.1339 0.1343 0.1352 0.1354 0.1368 0.1375
R C5-C9 0.1501 0.1497 0.1502 0.1497 0.1501 0.1496 0.1501 0.1496 0.1502 0.1497 0.1506 0.1503
RB-Y ° _ _ 0.1611 0.1638 0.1627 0.1647 0.1830 0.1773 0.1872 0.1796 0.2290¢ 0.2042¢
R B-H17 0.1193 0.1200 0.1201 0.1194 0.1218 0.1215 0.1202 0.1203 0.1200 0.1202 0.1195 0.1197
R B-H18 0.1193 0.1200 0.1218 0.1214 0.1200 0.1215 0.1206 0.1206 0.1202 0.1203 0.1197 0.1200
R B-HI19 0.1193 0.1200 0.1218 0.1214 0.1218 0.1198 0.1201 0.1202 0.1201 0.1202 0.1196 0.1198
A B-Y-X _ _ 120.6 120.2 123.2 118.2 108.6 108.1 105.7 106.1 _ _
AB-Y-X _ _ 121.4 120.9 106.9 107.2 106.2 106. 1 _ _
A HBH 120.0 120.0 113.5 114.2 113.7 114.2 116.5 115.9 116.9 116.1 118.9 117.1
D aYXb _ 180.0 0.0 179.9 0.0 -24.6 -28.5 30.7 34.0 -167.0 9.1
D aYX'b _ _ 180.0 -179.9 20.0 23.5 -31.2  -35.2 4.7 -4.6
a. Length of bonds is in nanometer bond angles and dihedral angles are in degree.
b. B3LYP represents the B3LYP /6-31G d level and MP2 represents the MP2/6-31G d level.
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Table 2 Total energies combination energies of different geometries of thymine-BH; system

Geome- B3LYP/6-31G d

MP2/6-31G d

B3LYP/6-311 + G 2df MP2/6-311 + G 2df

B3LYP/aug-cc-pVDZ

‘ //631G d //6-31G d //B3LYP/631G d
e E\/a. . D* E\p/a. u. D E\/a. u. D E\/a. u. D E\p/a. u. D
a -480.78581 95.78  -477.91100 102.50 —480.94387 85.20  -478.05837 91.34  —481.00355 87.65
90.36 96.78 82.45 86.70 82.52
b ~480.78462 92.66  -477.90956 98.72  —480.94288 82.59  -478.05687 87.41  -481.00242  84.69
87.98 92.90 79.78 83.09 79.01
¢ -480.75563 16.55  -477.88154 25.17  —480.91735 15.58  -478.03304 24.83  -480.97692  17.76
13.24 21.45 13.09 21.48 14.99
d -480.75441 13.35  -477.88084 23.31  —480.91600 12.27  -478.03204 22.21  -480.97588  15.03
10. 10 19.48 9.98 19.06 12.12
e -480.75311  9.96  -477.88007 21.31  —480.91491 9.16  -478.02956 15.71  -480.97401  10.11
7.87 17.87 7.96 12.74 8.07

# Binding energies D

are in kJ/mol. Data in the second line of every geometries are the BSSE corrected binding energies.
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Table 3 Frequency shifts in complexes at BSLYP/6-31G d  level
Units a b c d e
vem ' It v/cm™! 1 v/cm ™! 1 v/em™! 1 v/cm™! ! v/em™! 1
£t 684 0.06 653 0.06 293 0.13 260 0.23 121 0.03
BH;
2758  1.00 2603 -155 ¢ 0.31 2614 -144 0.21 2635 -123 0.30 2642 -116 0.23 2569 -189 0.03
2756 1.00 2470 -286 0.31 2473 -283 0.24 2605 -151 0.31 2632 -124 0.31 2682 -74 0.14
2593  0.00 2442 -151 0.11 2444 -149 0.08 2524 -69 0.13 2540 -53 0.08 2691 98 0.17
CsN, 0, H;
3640 0.14 3629 -11 0.16 3591 -49 0.08 3591 -49 0.16 3630 -10 0.21 3632 -8 0.15
3603 0.90 3511 -92 0.23 3532 -71 0.26 3513 -90 0.15 3581 22 0.14 3600 -3 0.11
1845 1.00 1802 -43 1.00 1810 -39 0.4 1880 35 1.00 1875 30 1.00 1854 9 1.00
1793  0.74 1714 -79 0.58 1752 -41 1.00 1813 20 0.94 1829 36 0.90 1809 16 0.69
a. f, is the stretching vibration frequency of B — X in complex
b. I is the relative intensity of IR
c. Numbers in parentheses are variations of vibration frequencies of complexes compared with their components.
3.4 0.205 0.195 0.139. 2
B3LYP/6-31G d NBO
a ~ e BH, B O a b
BH, B N
a ~ d B C

e 0. 288 0.282 e
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