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Table 1. Total Energies (E, hartrees), Zero-Point Vibrational Energies (ZPVE, kcal/mol), and Dipole Moments ([t, debyes) for CASSCF/Basis A

Optimized Structures of the Stationary Points on the Singlet and Triplet CH 2 02 Potential Energy Surfaces

E

point

structure group state n.i.f.a

CASSCF/

basis A

MRDCI/

basis A

MRDCI+Q/

basis A

MRDCI/

basis B

MRDCI+Q/

basis B

-188.71115

-188.76416

-188.67992

-118.66765

-118.66818

-118.63683

-188.67286

-188.67277

singlet potential energy surface

-189.03005 -189.06612 -189.13538

-189.08341 -189.11565 -189.18350

-188.98885 -189.02494 -189.09366

-188.98573 -189.01995 -189.08912

-188.98556 -189.02024 -189.08985

-188.97010 -189.00160 -189.07409

triplet potential energy surface

-188.99057 -189.02073 -189.09312

-188.99425 -189.02371 -189.10020

-189.17330

-189.22092

-189.13365

-189.12944

-189.13019

-189.11308

-189.12388

-189.13273

11
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C2 v
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0
C)

Cl
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0

0

3.86

2.71

3.27

2.41

2.23

4.68

18.0

19.4

17.1

16.5

16.6

16.7

16.6

2.09

2.17
z



Table 1. (Continuation)

-188.67080

-188.67189

-188.66900

-188.98918

-188.98731

-188.98515

-189.02078

-189.01911

-189.01746

-189.09450

-189.09389

-189.09180

-189.12987

-189.12917

-189.12524

aNumber of imaginary vibrational frequencies.

bCalculated using CASSCF/basis A vibrational frequencies scaled by 0.8929.

cCalculated at the CASSCF/basis A level.

C-,.

12
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TATS3

Cs
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Cs

1

1

1
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16.7

15.6

2.32

2.03

2.15



Table 2. Total Energies (E, hartrees), Zero-Point Vibrational Energies (ZPVE, kcal/mol), and Dipole Moments (p.,

debyes) for CASSCF/Basis A Optimized Structures of the Stationary Points on the Singlet and Triplet C2 H4 0 2

Potential Energy Surfaces

E

point CASSCF/ MRDCI/ MRDCI+Q/

structure group state n.i.f.a basis A basis A basis A ZPVEb c

I A'

1A'

IA'

'A
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'A

0

0

0

0

1

1

1

1I

singlet potential energy surface

-227.76093 -228.19359 -228.23790
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-227.81168 -228.24051 -228.28426

-227.77013 -228.22097 -228.26874

-227.72356 -228.14444 -228.19135

-227.72949 -228.15247 -228.19967

-227.71330 -228.13633 -228.18328

-227.71248 -228.13931 -228.18702

35.2

34.9

36.1

34.4

34.4

34.1

33.9

33.8

4.31

4.94

2.89

1.65
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4.42

2.40

2.61
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Cl
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Table 2. (Continuation)

SBTS5 C1

TBI

TB2

TB3

TBTS1

TBTS2

TBTS3

TBTS4

Cl

Cl

Cl

Cl

Cl

Cl

1

0

0

0

1

1

1

-227.70600 -228.15304 -228.20284

triplet potential energy surface

-227.71665 -228.14674 -228.19038

-227.71700 -228.14395 -228.18553

-227.71777 -228.14918 -228.19034

-227.71508 -228.14146 -228.18429

-227.71245 -228.13641 -228.17896

-227.71592 -228.13997 -228.18476

-227.71415 -228.14406 -228.18740

aNumber of imaginary vibrational frequencies.

bCalculated using CASSCF/basis A vibrational frequencies, scaled by 0.8929.

cCalculated at the CASSCF/basis A level.

z
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Table 3. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of SA1

Calculated at the CASSCF(8,8)/basis A Level

frequencies

IR

mode sym approx assgnmnt unscaled scaled int

v a' asym CH stretch 3537 3158 0.2

v2 a sym CH stretch 3379 3017 16.6

v3 a' CH 2 scissor 1596 1425 19.3

v4 a' CH 2 rock + CO stretch 1305 1165 10.5

v5 a' CO stretch + CH 2 rock 1238 1105 244.4

v6 a' 00 stretch 955 853 160.1

v7 a" CH 2 wag 843 753 37.3

v8 a" CH2 twist 711 635 9.6

v9 a' OOC deform. 548 489 0.6

I
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Table 4. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of SA2

Calculated at the CASSCF(10,9)/basis A Level

frequencies

IR

mode sym approx assgnmnt unscaled scaled int

vI bl asym CH stretch 3362 3002 58.8

v2 al sym CH stretch 3321 2965 20.3

v3 al CH 2 scissor 1689 1508 7.3

v4 b2 CH 2 wag 1395 1246 1.1

v5 bl CH 2 rock 1304 1164 9.3

v6 al sym CO stretch 1296 1157 42.2

v7 a2  CH2 twist 1119 999 0.0

V8  b2 asym CO stretch 934 834 18.3

V9 al OOC deform. + 00 deform. 754 673 2.4
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Table 5. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of TAl

Calculated at the CASSCF(8,8)/basis A Level

frequencies

IR

mode approx assgnmnt unsealed scaled int

vl asym CH stretch 3483 3109 9.9

v2 sym CH stretch 3338 2981 11.7

v3 CH 2 scissor 1560 1393 5.8

V4 CH 2 rock 1251 1117 11.2

v5 CO stretch 1083 967 89.6

v6 00 stretch 979 874 3.9

v7 CH 2 wag 918 820 20.0

v8 OOC deform. 504 450 1.9

v9 CH2 twist 199 178 6.6
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JL(bL1r#7/1V

Table 6. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of TA2

Calculated at the CASSCF(8,8)/basis A Level

frequencies

IR

mode sym approx assgnmnt unscaled scaled int

vl al" asym CH stretch 3473 3101 17.7

v2 a' sym CH stretch 3336 2979 15.5

v3 a' CH 2 scissor 1589 1419 16.5

v4 a" CH2 rock 1207 1078 7.3

V5 a' CO stretch 1083 967 37.4

V6 a' 00 stretch 891 796 28.0

v7 a CH 2 wag 826 738 6.8

v8 a OOC deform. 455 406 7.3

v9 a" CH 2 twist 168 150 0.0



Table 7. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of SB1 and SB2 Calculated at the

CASSCF(8,8)/basis A Level

SB1 SB2

frequencies frequencies

IR IR

mode sym approx assgnmnt unscaled scaled int unscaled scaled int

vl a' CH stretch 3424 3057 9.5 3421 3055 11.4

V2 a' asym CH3 stretch 3318 2963 14.1 3316 2961 6.9

V3 a" asym CH 3 stretch 3278 2927 5.1 3268 2918 14.0

V4 a' sym CH3 stretch 3224 2879 9.4 3213 2869 16.9

v5 a' CH 2 scissor 1614 1441 16.3 1636 1461 22.2

V6 a" CCH bend 1604 1432 7.8 1613 1440 9.9

v7 a CCH bend + CC stretch 1603 1431 41.7 1581 1412 5.4

Vg a CH3 umbrella +CCH bend 1539 1374 2.1 1544 1379 17.7

v9 a CO stretch 1339 1196 86.6 1351 1206 101.3

v10  a CH3 umbrella 1218 1088 10.2 1238 1105 14.2

19

-- 7



CD

Table 7. (Continuation) -.

a CH 3 rock 1125 1005 0.0 1138 1016 0.1

a' CO stretch + CC stretch 1014 905 21.4 984 879 65.2

vl3 a OOstretch 886 791 181.3 872 779 309.9

vl4 a" OCH bend + COO bend 730 652 17.4 868 775 14.9

a OOC deform. + OCC deform. 687 613 8.5 564 504 10.3

a'' CH3 bend + COO bend 442 395 0.0 247 221 0.5 0

a OOC deform. + OCC deform. 311 278 8.1 333 297 19.6
CH17 os

V18 a"3 torsion 208 186 2.1 142 127 1.5

20C-D

20
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Table 8. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (km/mol) of SB3

Calculated at the CASSCF(l0,9)/basis A Level

frequencies

IR
mode sym approx assgnmnt unscaled scaled int

v1 a ' CH stretch 3303 2949 49.1

v2 a' sym CH3 stretch 3321 2965 20.4

v3 a" asym CH3 stretch 3280 2929 23.5

v4 a' sym CH 3 stretch 3223 2878 10.0

v5 a " CH3 bend 1629 1455 7.6

v6 a' CH 2 scissor 1627 1453 5.7

v7 a' CCH bend 1593 1422 42.5

V8  a' CH3 umbrella 1546 1380 4.0

V9  a' sym CO stretch 1336 1193 41.3

V10  a" OCH bend 1329 1187 0.6

v11  a CCH bend + CC stretch 1222 1091 15.1

V12  a" OCHbend 1119 999 3.6

v13  a' CC stretch 980 875 2.3

V14  a" asym CO stretch 900 804 12.1

V15  a' OOC bend 740 661 2.2

v16  a' 00 stretch 482 430 14.8

v17  a" OOC deform. 396 354 0.3

v18 a" CH 3 torsion 208 186 0.3
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JL((,Lf7-c~cA

Table 9. Harmonic Vibrational Frequencies (cm- 1) and IR Intensities (kn/mol) of SB4

Calculated at the CASSCF(8,8)/basis A Level

frequencies

IR

mode approx assgnmnt unscaled scaled int

Vl OH stretch 3682 3288 21.2

v2 asym CH 2 stretch 3467 3096 4.8

v3 CH stretch 3412 3046 9.8

v4 sym CH 2 stretch 3366 3006 2.9

V5 CC stretch 1798 1605 52.4

v6 CH 2 scissor + HCO scissor 1560 1393 9.6

v7 HCO bend + OOH bend 1424 1271 19.9

V8 OOH bend 1412 1261 39.4

v9 CCH bend + CO stretch 1210 1080 32.3

vl0 CCH bend + OCH bend 995 888 27.3

vl CO stretch 971 867 29.3

vl2 CH 2 wag 831 742 46.9

3 0 stretch 805 719 12.0

vl4 HCCH twist 667 596 0.7

vl5 OOC bend + OCC bend 619 553 6.4

Vl6 OOC bend + OCC bend 335 299 1.2

Vl7 OOH bend 195 174 125.4

v18 OOC bend 172 154 11.4



Table 10. Harmonic Vibrational Frequencies (cm-1 ) and IR Intensities (km/mol) of TB1, TB2 and TB3 Calculated at the CASSCF(8,8)/basis A

Level

TB1 TB2 TB3

frequencies frequencies frequencies

IR IR IR

mode approx assgnmnt unscaled scaled int unscaled scaled int unscaled scaled int

vl CH stretch 3365 3005 24.4 3376 3014 19.4 3377 3015 29.5

v2 asym CH3 stretch 3311 2956 17.0 3293 2940 18.6 3292 2939 20.5

v3 asym CH3 stretch 3268 2918 25.2 3262 2913 21.3 3267 2917 21.2

v4 sym CH3 stretch 3209 2865 16.9 3199 2856 17.7 3207 2864 11.6

V5  CH 2 scissor 1633 1458 3.2 1632 1457 3.2 1630 1455 2.8

v6 CH 2 scissor 1623 1449 6.4 1618 1445 6.6 1619 1446 7.9

v7 CH 3 umbrella 1570 1402 11.0 1571 1403 12.5 1568 1400 9.9

v8 CCH bend 1475 1317 18.4 1446 1291 33.3 1463 1306 26.4

v9  CC stretch + CH3 bend 1219 1088 11.4 1240 1107 11.7 1215 1085 7.4

Vl0 CO stretch+ CC stretch 1163 1038 23.8 1176 1050 25.7 1181 1055 23.4

23
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CD

Table 10. (Continuaton)

vll CC stretch+ CH3 bend 1143 1021 26.9 1148 1025 12.7 1139 1017 2.5

v 00 stretch 989 883 23.6 1041 930 53.0 923 824 10.4

CO stretch+ CC stretch 915 817 13.2 935 835 12.8 882 788 24.6v13 C

OCH bend + COO bend 705 629 13.4 773 690 12.4 703 628 9.4

vl5 OOC deform. 534 477 1.7 513 458 5.9 521 465 5.3

CCO deform. 371 331 4.4 319 285 0.4 377 337 5.3

CH3 torsion 219 196 0.6 199 178 0.7 189 169 2.5 0

v8 CH3 bend + OOC bend 162 145 1.5 93 83 0.2 131 117 0.1

24
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Table 11. MRDCl+Q Calculated Vertical Excitation Energies (eV) for Formaldehyde

and Acetaldehyde Carbonyl Oxides a

H2 COO CH3 (H)COO

state transition basis A basis B syn anti

13 A' nOO CO 1.65 1.64 2.00 1.95

13A" 7roI -+*Co 2.05 2.09 2.41 2.36

1 1 A" nO1 C -*cO 2.13 2.14 2.42 2.31

2 1A' nOO *71*CO 3.60 3.96 4.83 4.39

23A" OOO>*cO 6.33 6.38 6.22 6.24

21A" GOO-*co 6.88 6.80 6.37 6.48

23 A' nCO *CO 7.63 7.19 7.60 8.10

aAt the CASSCF/basis A optimized equilibrium geometries.
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