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Table S1. Atomization Energies (kcal/mol)

Molecule D, Molecule D, Molecule D,
cH 1) 84.00 S, 101.67 H,CCH 445.79
CHy (3Bl) 190.97 Clp 57.97 HCOOCH3;  785.26
CHy (‘4))  181.50 Sio 192.08 HCOOH 500.98
CH3 (ZA"z) 307.46 sC 171.31 NF3 204.53
CHg 420.11 SO 125.00 PF3 363.87
NH 83.67 “CIO 64.49 SH 86.98
NH; 181.90 CIF 61.36 SiClg 384.94
NH3 297.90 SipHg 530.81 SiF4 574.35
OH 107.06 CH3Cl 394.64 CzoHsg 603.75
OHy 232.60 CH3SH 473.84 CqHg 9 987.2
FH 141.05 HOC! 164.36 C4He © 1001.61
SiH, (A 15179 SO, 257.86 HCOCOH  633.35
SiH, CBy)  131.05 AICI; 306.26 CHiCHO  677.03
SiHj3 227.37 AlF3 426.50 C,H40 650.70
SiHy 322.40 BCl3 322.90 CaHsO 698.64
PH; 153.20 BF3 470.04 H3COCH3  798.05
PH;3 24255 C,Cly 466.28 H3CCH,OH - 810.36
SH, 182.74 CoF4 583.96 C3Hg / 703.20
CIH 106.50 CiHa @ 704.79 C3H48 682.74
HCCH 405.39 C4H40 993.74 H3CCOOH  803.04
H,CCH, 563.47 C4H4S 962.73 H3;CCOCH3  977.96
H3CCH3 712.80 C4HsN 1071.57 C3Hs 853.41
CN 180.58 C4Hg® 1012.37 H3CCHCH,  860.61
HCN 313.20 CaHg € 1004.13 C3Hg 1006.87
co 259.31 CsHsN 1237.69 C,HsOCH3  1095.12
HCO 278.39 CCH 267.83 CqHio® 1303.04
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H,CO 373.73 CCly 312.74 C4Hio? 1301.32
H3;COH 512.78 CF3CN 639.85 Cy4Hg/ 1149.01
Ny 228.46 CF,4 476.32 CqHg ¥ 1158.61
H,NNH, 438.60 CH,OH 400.76 CsHg !/ 1284.28
NO 155,22 CH3CN 615.84 CsHe 1367.56
Oz 119.99 CH3NH; 582.56 CH;CO 581.58 \
HOOH 268.57 CH3NO» 601.27 (CH3),CH 900.75
Fa . 38.20 CHCI3 343.18 (CH3)3C 1199.34
CO, 389.14 CHF3 457.50 H,CCO 532.73
Sip 74.97 CIF3 125.33
Py 117.09 Hy 109.48
a propyne
b trans-1,3-butadiene
¢ 2-butyne .
d bicylobutane
e cyclobutene
fallene

& cyclopropene
h cyclobutane

I isobutane

J transbutane

k isobutene

! spiropentane
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Table S2. Ionization potentials (kcal/mol)

P EA
C 259.7 29.1
S 238.9 47.9
SH 238.9 53.3
Cl 299.1 83.4
Cl, - 2653 55.6
OH 299.1 42.1
0 313.9 33.7
0, 278.9 10.8
P 241.9 17.2
PH 234.1 23.2
PH, 226.3 '29.4
S, 216.0 38.5

Si 187.9 31.9
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Table S3. Barrier Heights (kcal/mol)

Reaction Vfi Vrt
1. Cl+H, »>HCI+H 8.7 5.6
2. OH+H; »>H+H0 5.7 22.0
3. CH;+H,—>H+CHy - 114 14.6
4. OH+CHy — CH; +HO 6.7 20.2
5. H+ CH;0H — CH,OH + H; 7.3 13.8
6. H+Hy,>H,+H 9.6 9.6
7. OH+NHj — H,0 + NH, 32 13.2
8. HCl+CH;—> Cl+CHy 1.8 7.8
9. OH+ CyHg - Hy,O + CyHjs 3.4 20.7
10. F+H, > H+HF | 1.8 33.2
11. OH+ CH; - O+ CHy4 7.8 13.7
12. H+PH; - PH, + H, 32 25.5
13. H+ CIH > HC1 + H’ 18.0 18.0
14. OH+H—->H,+0O 10.1 13.1
15. H + trans-NoH, — Hp + N,H 5.9 41.0
16. H+H,S — H, + HS 3.6 17.4
17. O+ HCl—-> OH +Cl 9.8 9.9
18. CH4 + NH — NH; + CH3 8.4 227
19. CyHg + NH — NH; + C,Hjs 8.0 18.4
20. CyHg + NH,; — CyHs + NH3 104 17.8
21. NH, + CH4— CH3 + NH;3 14.5 17.9
22. s-trans cis-CsHg — s-trans cis-CsHg 38.4 384
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Table S4. Coefficients for other new SAC methods j

Method ] VERSION

vim® v3sh
SAC-MP2/pDZ 1.2638 1.2672
—SAC-MP2/6-3 1+G(2df,p) 1‘.0530 1.0563
SAC-MP2/MG3S 1.0268 1.0300
SAC/3m 1.1478¢
SAC-MP4SDQ/pDZ 1.4281 1.4320
SAC-MP4SDQ/pTZ 1.1569 1.1808
SAC-MP4/pDZ 1.3394 l .3430
SAC-MP4/pTZ 1.0766 1.0803
SAC-CCSD/pDZ 1.4573 1.4613
SAC-CCSD/pTZ 1.1997 1.2036
SAC-CCSD(T)/pDZ 1.3753 1.3790
SAC-CCSD(T)/pTZ 1.1156 1.1193
SAC-MP2/pTZ 1.0219 1.0255
SAC-MP2/6-31G(d) 1.2979 1.3019
SAC-MP2/6-31Gt - 1.3218 1.3258
SAC-MP2/6-31G(d,p) 1.1671 1.1707
SAC-MP2/6-31+G(d,p) 1.1761 1.1796

“Spin-orbit energy is implicitly accounted for in the parameters

bSpin-orbit energy corrections(E, ) should be added. o

“In tables we often use the following shorthand notation: pDZ = cc-pVDZ and pTZ = cc-pVTZ.
9Same as SAC-MP2/6-31+G(d,2p)/3m




© 2003 American Chemical Society, J. Phys. Chem. A, Lynch jp0221993 Supporting Info Page 7

S-7

Table S5. Coefficients for new MCSAC methods

Method VERSION 1 cy c3

MCSAC-MP4SDQApDZ4 v3m 1.3747 0.9511

v3s 1.3734 0.9093
MCSAC-MP4SDQ/pTZ v3m 1.1366 0.8621

v3s 1.1260 0.7771
MCSAC-MP4/pTZ v3m 1.1023 1.1119 0.8192

v3s 1.0917 1.0746 0.9130
MCSAC-CCSD/pDZ v3m 1.3900 0.9366

v3s 1.3886 0.8993
MCSAC-CCSDATZ v3m 1.1472 0.8347

v3s 1.1382 0.7683
MCSAC-CCSD(DHPTZ . v3m .1.1119 0.9676 0.8427

v3s 1.0929 0.9308 1.1310

“In tables we often use the following shorthand notation: pDZ = cc-pVDZ and
pTZ = cc-pVTZ.
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Table S7. Mean unsigned error over Database/3 and cost of SAC methods
Method VERSION Cost
v3m4 v3sb Energy  Gradient Hessian
SAC-MP2/6-31G(d) 15.4 15.3 1.3 4.4 27
SAC-MP2/6-31GT 14.9 14.9 1.3 4.4 27
SAC-MP2/6-31G(d,p) 9.7 9.7 2.0 7.5 57
SAC-MP2/pDZ¢ 9.7 9.7 2.8 8.3 60
SAC-MP2/6-31+G(d,p) 7.6 76 2.2 8.5 91
SAC-MP2/6-31+G(d,2p) 6.0 6.0 4.1 13 160
SAC-MP2/6-31+G(2df,p) 7.8 7.7 89 40 520 |
SAC-MP4SDQ/pDZ 7.1 7.3 4.6 19 840
SAC-MP2/MG3S 7.1 7.0 50 190 2300
" SAC-MP2/pTZ - 6.5 6.3 67 200 2500
SAC-MP4/pDZ 7.1 7.3 12 570 27000
SAC-CCSD/pDZ 7.2 7.3 15 700 34000
SAC-MP4SDQ/pTZ 4.1 4.5 130 730 34000
SAC-CCSD(T)/pDZ 6.9 7.1 26 1300 61000
SAC-MP4/pTZ / 32 34 400 20000 9.5x10°
SAC-CCSD/pTZ 4.1 4.4 530 25000 1.2x106
SAC-CCSD(T)/pTZ 29 3.1 860 41000 2.0x100

aSpin-orbit energy is implicitly accounted for in the parameters
bSpin-orbit energy corrections (Egp) are added for these calculations.

¢In tables we often use the following shorthand notation: pDZ = cc-pVDZ and
pTZ = cc-pVTZ.
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Table S8. Mean unsigned error over Database/3 and cost of MCSAC methods?
Method VERSION , Cost
v3mb v3s¢ Energy Gradient Hessian
MCSAC-MP4SDQ/pDZ4 7.0 72 4.6 26 840
| MCSAC-CCSD/pDZ 6.7 6.9 15 700 34000
MCSAC-MP4SDQ/TZ 3.6 3.7 130 920 34000
MCSAC-MP4/pTZ 32 - 33 400 20000 9.5x103
MCSAC-CCSDHTZ 3.2 3.3 530 25000 1.2x106
MCSAC-CCSD(T)pTZ 29 | 2.8 860 41000  2.0x106

aNote that there are no MCSAC methods in the MCCM/3 suite because we have found,
both in previous work and in the present re-examination, that the best performance-to-
cost ratios are achieved by methods that include at least two different treatments of
electron correlation and at least two different basis sets whereas MCSAC methods are
based on a single basis set.

bSpin-orbit energy is implicitly accounted: for in the parameters.

¢Spin-orbit energy corrections (Egg) are added for these calculations.

4In tables we often use the following shorthand notation: pDZ = cc-pVDZ and

pTZ = cc-pVTZ.
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Table S9. Mean unsigned error (kcal/mol) and cost for MCCM methods
Method VERSION . Cost
v3mé v3sb Energy gradient Hessian
MC-CO 3.1 3.1 51 160 1800
MC-UT 2.3 22 52 170 2100
MCCM-CO-MP2 4.5 4.3 70 210 2500
MC-QCISD 1.7 1.6 56 180 2800
MCCM-UT-MP4SDQ 32 3.1 79 230 3300
MCCM-UT-MP4 22 2.1 79 770 30000
MCG3 1.1 1.0 88 810 32000
MCCM-CO-MP4SDQ 3.1 3.1 140 940 35000
MCCM-UT-CCSD 29 29 82 900 36000
MCCM-UT-CCSD(T) 1.8 1.6 94 1500 63000
MCG2 1.5 1.5 270 10000 4.9x103
MCCM-CO-MP4 1.8 1.6 430 20000 | 9.8x10°
MCCM-CO-CCSD 2.8 2.8 540 26000 1.2x106

MCCM-CO-CCSD(T) 1.5 1.4 880 42000  2.0x100

~
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Table S10. Mean unsigned error (kcal/mol) for other ab initio methods

AE  BH IP _EA All
HF/6-31G(,p) 1833 136 20.7 239 1182
HF/6-31Gt 1527  13.4 18.0 380 1003
HF/6-31G(d,p) 1475 13.0 18.2 38.1 97.1
HF/6-31G(2d,d,p) 1541 128 19.2 384 1011
HF/6-31G(2d,p) 1468  13.0 18.2 393 9638
HF/6-31G(2df) 1472 13.0 18.0 39.6 97.0
HF/6-31G(2df2d,) 1494 128 18.1 39.6 98.3
HF/6-31G(2df,d,p) 1451 129 185 340 95.3
HF/6-31G(2df2d,p) 1462 132 17.9 26.8 95.5
HF/6-31+G(2df) 1479 133 17.8 26.9 96.6
HF/6-31+G(2df,p) 1449 133 17.8 26.9 94.7
HF/6-31+G(2df,2p) 1446 132 17.8 26.9 94.5
HF/aug-cc-pVDZ 154.2 12.5 17.3 25.7 100.1
HF/6-311G(d,p) 1519  12.8 17.8 31.9 99.3
HF/6-311G(2df,p) 1462 129 17.9 32.7 95.9
HF/6-311+G(3df,2p) 1444 131 17.9 269 944
HF/cc-pVTZ - 1466  13.0 17.9 34.7 96.3
MP2/6-31G(,p) 689 7.7 11.6 11.5 45.5
MP2/6-31Gt 406 70 11.5 28.1 293
MP2/cc-pVDZ 349 41 9.7 29.4 25.1
MP2/6-31G(d,p) 242 56 10.8 273 18.9
MP2/6-31G(2d,d,p) 337 49 7.6 225 23.9
MP2/6-31G(2d,p) 20.5 5.3 7.9 22.9 16.0
MP2/6-31G(2df) 28 56 5.6 21.4 172
MP2/6-31G(2df,2d,) 318 5.6 6.4 21.9 22.8

MP2/6-31G(2df,d,p) 20.3 5.0 6.4 16.4 15.3
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Table S10. continued

AE  BH P EA All
MP2/6-31G(2df,2d,p) 190 53 5.1 54 137
MP2/6-31+G(2d) 219 58 4.7 52 155
MP2/6-31+G(2dE,p) 118 5.1 45 5.1 9.1
MP2/6-31+G(2df2p) 99 44 44 5.0 738
MP2/6-311G(d,p) 256 48 104 193 189
MP2/6-311G(2df,p) 127 41 44 133 100
MP2/6-311+G(3df.2p) 907 43 3.8 34 75
MP2/cc-pVTZ 79 39 41 142 7.1
MP3/6-31G(d,p) 357 62 101 280 261
MP3/6-311G(d,p) 394 5.0 08 203 274
MP3/6-311G(2df,p) 237 44 30 140 167
MP3/cc-pVTZ 209 41 27 149 150
CCD/6-31G(d) s42 76 113 287 378
CCD/6-31+G(d) ss8 76 105 122 375
MP4SDQ/6-31G(dp) 362 57 110 284 263
MP4SDQ/6-311G(d,p) 395 43 106 205 274
MP4SDQ/6-311G(2df,p) 249 39 38 146 175
MP4SDQ/cc-pVTZ 23 35 35 155 158
CCSD/ec-pVTZ 245 28 38 158 170
QCISD/6-31+G(d) 533 55 105 116 354
QCISD/6-31G(d,p) 375 47 112 . 286 269
QCISD/6-311G(d,p) 409 34 108 207 280
MP4/6-311G(d,p) 308 33 109 201 218
MP4/6-311G(2df;p) 143 27 38 139 107
QCISD(T)/6-31G(d,p) 316 38 115 287 231

QCISD(T)/6-311G(d,p) 336 25 11.0 203 23.4




