This journal is © The Owner Societies 2002


Table 1S  Geometry (Bond Lengths in Angstroms, Angles in Degrees)  of  5,6-Dihydrouracil

Calculated with the MP2, B3LYP, mPW1PW and HF methods and D95V** basis set. Experimental Data Are from the X-ray Crystal Structure of Dihydrouracil (ref 18).

parametera
exptl
MP2
B3LYP
mPW1PW
HF



N1-C2
1.335
1.378
1.374
1.367
1.361

C2-N3
1.395
1.408
1.409
1.401
1.388

N3-C4
1.364
1.393
1.390
1.384
1.379

C4-C5
1.515
1.516
1.522
1.513
1.512

C5-C6
1.507
1.525
1.531
1.523
1.523

C6-N1
1.464
1.460
1.462
1.453
1.452

C2-O7
1.222
1.228
1.223
1.218
1.198

C4-O8
1.211
1.227
1.220
1.215
1.194

C5-Hb
0.99
1.093
1.095
1.093
1.084

C6-Hb
1.02
1.095
1.098
1.093
1.085

N1-H13
0.84
1.012
1.012
1.009
0.996

N3-H14
0.86
1.014
1.015
1.012
0.998

N1-C2-N3
116.1
113.8
114.3
114.4
114.9

C2-N3-C4
126.7
127.8
127.7
127.7
127.2

N3-C4-C5
115.1
114.0
114.4
114.3
114.9

C4-C5-C6
112.6
111.3
112.1
111.9
111.6

C5-C6-N1
110.3
108.4
109.2
109.1
108.9

C6-N1-C2
122.1
119.9
121.4
121.3
120.9

O7-C2-N3
119.5
121.4
121.1
121.1
121.0

H14-N3-C4
117.0
116.5
116.9
116.9
117.0

O8-C4-C5
123.9
124.5
124.1
124.1
123.8

H13-N1-C6
118.0
118.3
118.8
119.0
118.6

N1-C6-C5-C4
-45.4
-53.2
-49.6
-50.2
-49.8

N1-C2-N3-C4
11.1
10.4
9.1
9.7
8.3

C2-N3-C4-C5
3.0
   5.9
3.3
3.6
3.2

C6-C5-C4-N3
26.2
 27.0
27.1
27.3
26.9

O7-C2-N3-C4
168.9
168.5
170.0
169.5
170.9

O8-C4-N3-C2
-176.4
      -173.5
      -175.4
-175.1
-175.7

H14-N3-C2-O7

   -0.2
   -1.2
-1.3
-0.6

H14-N3-C4-O8

          -5.0
   -4.3
-4.5
-4.3

H13-N1-C2-O7

  13.9
  11.2
11.3
11.5

a The atom numbering is shown in Scheme 1.bThe average value of two C-H bond lengths  at the same carbon atom 

Table.2S Experimental Wavenumbers (
[image: image1.wmf]n

~

, cm-1) and  Integral  Intensities  (I) of  Infrared Bands of  Dihydrouracil (DHU) in Ar and N2 Matrixes and Vibrational Spectra of  Solid DHU Compared with the Theoretical  Harmonic Frequencies  (
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, cm-1), Infrared Intensities (AIR, km/mol) and Raman Scattering Activities, (BR Å4/amu). Calculations Performed with mPW1PW and MP2 methods. Vibrational Assignment Based on the Calculated Potential Energy Distribution (PED).  

No
Ar matrix
N2 matrix
Solid
mPW1PW/D95V**
          MP2/D95V**
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3468

3479


90
3467
117
3236e s
3212e br
3479
56
82
3478
57
76
((N1H13)(100)

Q2
3438
102
3426
101
3086e s
3108e w
3453
76 
72
3455
79
66
((N3H14)(100)

Q3






3001
5
68
3036
5
55
((C5H10)(74), ((C5H9)(25)

Q4




2995 m

2966
20
94
3013
18
77
((C6H11)(87), ((C6H12)(11)

Q5





2979 s
2921
6
77
2954
5
82
((C5H9)(75), ((C5H10)(24)

Q6




2903 s
2926 s
2875
48
121
2915
47
105
((C6H12)(88), ((C6H11)(11)

Q7

Q8
 1819
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1720

1733

1748

1753


1201
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1717

1726

1737

1748

1758


972


1690e vs

1753 vs
1709e m

1668e vs

ov
1744

1733
492

551
21

14
1766

1733
614

319
24

35
1231 + 581 or 1269 + 547

((C2O)(71)

((C4O)(81)


1516
6










2 x  758 (Q25) = 1516 

Q9
1485
43
1488
37
1492 s
1488 s
1499
62
8
1495
19
7
sciss CH2(C6)(95)

Q10
1445
118
1449
85

1450 sh
1464
113
2
1443
105
3
wag CH2(C6)(20), sciss CH2(C5)(20),

((N1H)(17), ((N1C2)(15)

Q11
1417
16
1419
19
1429 m
1422 s
1428
35
8
1427
37
6
sciss CH2(C5)(79)

Q12
1401
25
1406
19


1416
92
1
1392
97
5
((N1H)(20), ((N3H)(18),

((N3C4)(12), ((C2N3)(9)

Q13
1386
99
1391
66
1382 s
1385 w
1403
77
2
1379
100
1
((N1H)(28), ((N3C4)(16)

Q14
1367

1358
40
1363
39
1370 sh

1369
45
2
1354
40
5
((N3H)(38), wag CH2(C6)(25)

Q15
1327
23
1329
25
1330 m
1329 m
1340
34
4
1336
50
5
wag CH2(C5)(35), twist CH2(C6)(25)

Q16
1269

1262
69
1269
61
1291 s
1294 m
1279
82
2
1263
88
3
wag CH2(C5)(28), ((N3C4)(15),

twist CH2(C5)(14), ((N3H)(14)

Q17
1231

1228
57
1228
39
1238 s
1240 m
1240
33
5
1224
57
4
twist CH2(C6)(55),((C6C1)(11)

Q18
1190

1185
104


1190
73
1206 m
1208 w
1192
25
4
1196
35
4
twist CH2(C5)(58)

Q19
1115
76
1114
74
1142 m
1144 m
1128
54
4
1111
63
3
((C6N1)(36), ((N1H)(13),((C2N3)(11)

Q20


1065
2
1060 w
1060 w
1062
1
2
1059
1
2
rock CH2(C6)(44), rock CH2(C5)(24)

Q21


998
3
1007 w
1010 m
995
4
3
984
4
3
((R1)(31), ((C5C6)(14)

Q22
946
5
948
2
968 w
969 w
948
0
1
934
3
1
rock CH2(C5)(23), ((C5C6)(14),

((R1)(12), ((N1C2)(11)

Q23


934
3
940 w
939 w
939
5
1
927
2
1
((C6C1)(19), ((C5C6)(16)

Q24
793
3


796 m
796 s
797
4
7
788
1
7
((C4C5)(29), rock CH2(C6)(22)

Q25


758
43
762
43
758e s
764e m

743e s
757
43
0
728
39
1
((C2O)(100)

Q26
707
4
712
5
710 m
696 m
713
5
11
695
3
12
((C4O)(19), ((R1)(15),

((N1C2)(10), ((N3H)(10)

Q27
659
113
669
89
822e m

670
116
2
667
140
2
((N3H)(82)

Q28
581
18
587
22
600 m
594 w
580
9
1
572
7
2
((C4O)(39), rock CH2(C5)(13)

Q29
547
23
551
23
575e m
563 m
542
54
1
524f
15
1
((CO)rock(68)                               g

Q30
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509

518


36
533
55
690e sh

670e sh

534
49
2
545
98
1
((N1H)(66), ((CO)rock(10)           h

Q31




501 m
509 vs
484
5
3
473
2
4
((R3)(26), ((R2)(26),((C2N3)(14)

Q32
438
27
444
26
478 m
470 m
435
19
2
430
20
2
((R2)(37), ((R3)(32)

Q33
384
26
387
24
420e m
403 w
374
20
1
363
17
1
((CO)sciss(60), ((R2)(11)

Q34




255 w
256 s
231
5
1
243
5
1
((R3)(46), ((R1)(35), ((R2)(12)

Q35




172 s
168 m
140
1
0
137
2
1
((R2)(79), ((R1)(20)

Q36




124 m

98 m
120 vs
115
3
0
107
2
1
((R3)(60), ((R1)(28)

lattice vibration

a I, integral absorbances of absorption bands normalized in such a way that the observed intensity sum of all bands is equal to the calculated, at the MP2 level, intensity sum of the corresponding modes. Abbreviations: br, broad; m, medium; ov, overlapped bands; s, strong; sh, shoulder; v, very;  w, weak; , stretching, , in-plane bending; out-of-plane bending; , torsion; rock, rocking; sciss, scissoring; twist, twisting; wag, wagging; ring deformations (R1,  R2, and R3) as in ref [15].  b Frequencies scaled by 0.98 except for the modes  Q1-Q8, which are scaled by 0.94. c Frequencies scaled by 0.96 except for the modes  Q1-Q6, which are scaled by 0.94. d PED from MP2 calculations, contributions lower than 10% not included. e Effect of the hydrogen bonding in solid, see text. f Reordered  frequencies. g Different PED values from DFT calculations: ((CO)rock(54) + ((N1H)(33). h DFT: ((N1H)(40) + ((CO)rock(22). 
Table.3S  Comparison of  Theoretical  Harmonic Frequencies  (
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, cm-1), Infrared Intensities (AIR, km/mol) and Raman Scattering Activities,

(BR, Å4/amu) Calculated with HF, DFT (B3LYP and mPW1PW) and MP2 methods. 

Nr
HF/D95V**
B3LYP/D95V**
mPW1PW/D95V**
MP2/D95V**
PED (%)
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AIR
BR
MP2/D95V**

Q1
3498
62
72
3429
49
86
3479
56
82
3478
57
76
((N1H13)(100)

Q2
3483
102
56
3405
69
75
3453
76
72
3455
79
66
((N3H14)(100)

Q3
2986
13
66
2963
6
70
3001
5
68
3036
5
55
((C5H10)(74), ((C5H9)(25)

Q4
2963
34
92
2930
22
95
2966
20
94
3013
18
77
((C6H11)(87), ((C6H12)(11)

Q5
2912
11
79
2888
7
72
2921
6
77
2954
5
82
((C5H9)(75), ((C5H10)(24)

Q6
2879
61
107
2843
49
116
2875
48
121
2915
47
105
((C6H12)(88), ((C6H11)(11)

Q7
1782
1050
5
1707
483
20
1744
492
21
1766
614
24
((C2O)(71)

Q8
1802
374
22
1695
502
14
1733
551
14
1733
319
35
((C4O)(81)

Q9
1490
26
8
1492
30
8
1499
62
8
1495
19
7
sciss CH2(C6)(95)

Q10
1460
127
1
1444
86
2
1464
113
2
1443
105
3
wag CH2(C6)(20), sciss CH2(C5)(20),

((N1H)(17), ((N1C2)(15)

Q11
1427
24
6
1423
31
6
1428
35
8
1427
37
6
sciss CH2(C5)(79)

Q12
1419
80
4
1396
74
3
1416
92
1
1392
97
5
((N1H)(20), ((N3H)(18),

((N3C4)(12), ((C2N3)(9)

Q13
1395
84
1
1384
86
2
1403
77
2
1379
100
1
((N1H)(28), ((N3C4)(16)

Q14
1372
117
2
1355
71
1
1369
45
2
1354
40
5
((N3H)(38), wag CH2(C6)(25)

Q15
1342
64
4
1324
27
5
1340
34
4
1336
50
5
wag CH2(C5)(35), twist CH2(C6)(25)

Q16
1267
97
4
1266
85
3
1279
82
2
1263
88
3
wag CH2(C5)(28), ((N3C4)(15),

twist CH2(C5)(14), ((N3H)(14)

Q17
1225
79
4
1221
46
4
1240
33
5
1224
57
4
twist CH2(C6)(55),((C6C1)(11)

Q18
1183
36
4
1181
45
4
1192
25
4
1196
35
4
twist CH2(C5)(58)

Q19
1100
63
3
1107
52
4
1128
54
4
1111
63
3
((C6N1)(36), ((N1H)(13),((C2N3)(11)

Q20
1064
5
2
1055
1
2
1062
1
2
1059
1
2
rock CH2(C6)(44), rock CH2(C5)(24)

Q21
978
7
2
983
4
2
995
4
3
984
4
3
((R1)(31), ((C5C6)(14)

Q22
933
2
2
935
1
1
948
0
1
934
3
1
rock CH2(C5)(23), ((C5C6)(14),

((R1)(12), ((N1C2)(11)

Q23
916
5
3
923
5
1
939
5
1
927
2
1
((C6C1)(19), ((C5C6)(16)

Q24
786
5
3
786
4
6
797
4
7
788
1
7
((C4C5)(29), rock CH2(C6)(22)

Q25
774
80
1
744
38
0
757
43
0
728
39
1
((C2O)(100)

Q26
700
2
11
700
4
12
713
5
11
695
3
12
((C4O)(19), ((R1)(15),

((N1C2)(10), ((N3H)(10)

Q27
652
143
1
663
113
2
670
116
2
667
140
2
((N3H)(82)

Q28
580
11
1
573
10
2
580
9
1
572
7
2
((C4O)(39), rock CH2(C5)(13)

Q29
534
26
1
538
57
1
542
54
1
524e
15
1
((CO)rock(68)                              f 

Q30
545
91
1
527
44
2
534
49
2
545
98
1
((N1H)(66), ((CO)rock(10)          g

Q31
479
4
2
440
4
4
484
5
3
473
2
4
((R3)(26), ((R2)(26),((C2N3)(14)

Q32
433
25
2
433
19
2
435
19
2
430
20
2
((R2)(37), ((R3)(32)

Q33
374
26
1
370
19
1
374
20
1
363
17
1
((CO)sciss(60), ((R2)(11)

Q34
228
5
1
230
5
1
231
5
1
243
5
1
((R3)(46), ((R1)(35), ((R2)(12)

Q35
138
1
0
139
1
0
140
1
0
137
2
1
((R2)(79), ((R1)(20)

Q36
109
3
0
115
2
0
115
3
0
107
2
1
((R3)(60), ((R1)(28)

a Frequencies scaled by 0.92.b Frequencies scaled by 0.98 except for the modes  Q1-Q8, which are scaled by 0.94. c Frequencies scaled by 0.96 except for the modes  Q1-Q6, which are scaled by 0.94. d PED from MP2 calculations, contributions lower than 10% not included. e Reordered modes. f Different PED values from DFT calculations: ((CO)rock(54) +  ((N1H)(33). g DFT: ((N1H)(40) + ((CO)rock(22). 
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