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I. STATIONARY POINTS IN ACAC PES

Table S1. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of GM computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C 0.114994 1.114431 0.419781 1 53 (97) 14 946 (936) 27 1490 (1497)

O 0.912576 1.409955 -0.598424 2 118 (119) 15 1004 (942) 28 1495 (1505)

H 0.947076 0.570389 -1.152146 3 151 (153) 16 1014 (1014) 29 1507 (1512)

O 0.518145 -0.948617 -1.417858 4 185 (189) 17 1036 (1048) 30 1658 (1655)

C -0.220211 -1.145674 -0.429529 5 232 (229) 18 1049 (1058) 31 1697 (1704)

C -0.881173 -2.482281 -0.238742 6 374 (364) 19 1068 (1071) 32 3013 (2855)

H -1.964186 -2.359012 -0.211457 7 390 (390) 20 1190 (1200) 33 3074 (3095)

H -0.605318 -3.149473 -1.049741 8 507 (507) 21 1289 (1290) 34 3079 (3099)

H -0.577206 -2.912628 0.715851 9 555 (567) 22 1391 (1384) 35 3155 (3178)

C -0.463523 -0.117426 0.549888 10 645 (650) 23 1394 (1399) 36 3158 (3187)

H -1.105673 -0.314563 1.394059 11 653 (656) 24 1420 (1433) 37 3194 (3208)

C -0.077199 2.236268 1.378546 12 794 (803) 25 1470 (1470) 38 3200 (3218)

H 0.889213 2.539729 1.780600 13 925 (921) 26 1485 (1494) 39 3250 (3258)

H -0.498652 3.093677 0.854224

H -0.735725 1.948458 2.193025

Eelec = −345.17690986 hartree (0.0 cm−1)
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Table S2. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(T)-I computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C -0.139141 0.000000 1.200074 1 68i (77i) 14 945 (943) 27 1493 (1504)

O 1.182941 0.000000 1.262170 2 118 (117) 15 1026 (948) 28 1497 (1505)

H 1.485515 0.000000 0.297310 3 149 (151) 16 1026 (1028) 29 1513 (1512)

O 1.183331 0.000000 -1.248444 4 184 (190) 17 1035 (1048) 30 1651 (1649)

C -0.068098 0.000000 -1.232146 5 238 (227) 18 1047 (1052) 31 1692 (1699)

C -0.812086 0.000000 -2.539567 6 374 (366) 19 1069 (1070) 32 2926 (2796)

H -0.516409 -0.878500 -3.111787 7 400 (402) 20 1190 (1197) 33 3079 (3099)

H -1.890064 0.000000 -2.402001 8 506 (500) 21 1290 (1288) 34 3081 (3100)

H -0.516409 0.878500 -3.111787 9 561 (568) 22 1384 (1371) 35 3159 (3187)

C -0.804051 0.000000 0.002250 10 643 (643) 23 1395 (1398) 36 3168 (3191)

H -1.882107 0.000000 -0.004573 11 654 (648) 24 1415 (1431) 37 3191 (3207)

C -0.808931 0.000000 2.528931 12 792 (785) 25 1470 (1474) 38 3195 (3209)

H -0.496668 0.879093 3.092295 13 944 (935) 26 1490 (1481) 39 3258 (3263)

H -0.496668 -0.879093 3.092295

H -1.890050 0.000000 2.424226

Eelec = −345.17655832 hartree (77.2 cm−1)
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Table S3. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(T)-II computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C 0.148366 0.000000 1.205805 1 158i (140i) 14 945 (947) 27 1495 (1497)

O -1.174224 0.000000 1.274414 2 38 (93) 15 1012 (988) 28 1500 (1499)

H -1.481134 0.000000 0.311110 3 128 (133) 16 1030 (1012) 29 1516 (1530)

O -1.185844 0.000000 -1.241238 4 183 (192) 17 1031 (1040) 30 1656 (1648)

C 0.065349 0.000000 -1.226882 5 233 (237) 18 1051 (1060) 31 1692 (1694)

C 0.829432 0.000000 -2.521649 6 372 (361) 19 1068 (1065) 32 2932 (2647)

H 1.472404 -0.879040 -2.572634 7 388 (394) 20 1189 (1207) 33 3074 (3095)

H 0.137032 0.000000 -3.358060 8 518 (526) 21 1296 (1298) 34 3085 (3102)

H 1.472404 0.879040 -2.572634 9 562 (573) 22 1390 (1385) 35 3156 (3178)

C 0.805378 0.000000 0.005099 10 642 (652) 23 1397 (1404) 36 3166 (3184)

H 1.884550 0.000000 -0.008603 11 657 (660) 24 1411 (1424) 37 3197 (3213)

C 0.838054 0.000000 2.531403 12 797 (809) 25 1466 (1470) 38 3200 (3217)

H 1.471438 0.880482 2.628644 13 921 (922) 26 1485 (1495) 39 3246 (3254)

H 1.471438 -0.880482 2.628644

H 0.100270 0.000000 3.328615

Eelec = −345.17477759 hartree (468.0 cm−1)
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Table S4. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(T)-III computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C 0.158071 0.000000 1.181680 1 154i (136i) 14 949 (946) 27 1499 (1498)

O -1.161280 0.000000 1.242711 2 57i (72i) 15 1025 (1004) 28 1499 (1504)

H -1.461267 0.000000 0.270809 3 132 (135) 16 1030 (1027) 29 1522 (1532)

O -1.176013 0.000000 -1.254083 4 181 (192) 17 1046 (1040) 30 1650 (1644)

C 0.077782 0.000000 -1.246365 5 238 (234) 18 1050 (1055) 31 1688 (1687)

C 0.809694 0.000000 -2.560251 6 370 (358) 19 1076 (1064) 32 2826 (2559)

H 0.509149 -0.878481 -3.129963 7 399 (408) 20 1188 (1204) 33 3081 (3100)

H 1.888865 0.000000 -2.431949 8 517 (518) 21 1297 (1297) 34 3085 (3102)

H 0.509149 0.878481 -3.129963 9 567 (574) 22 1380 (1365) 35 3166 (3184)

C 0.819750 0.000000 -0.020126 10 648 (648) 23 1396 (1401) 36 3167 (3191)

H 1.898203 0.000000 -0.031326 11 651 (650) 24 1408 (1422) 37 3190 (3207)

C 0.846082 0.000000 2.507677 12 794 (790) 25 1465 (1475) 38 3197 (3213)

H 1.479870 0.880341 2.604302 13 935 (936) 26 1493 (1484) 39 3254 (3260)

H 1.479870 -0.880341 2.604302

H 0.107949 0.000000 3.304522

Eelec = −345.17454518 hartree (519.0 cm−1)
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Table S5. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(H) computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C -0.978305 -0.246820 -0.650513 1 1057i (921i) 14 953 (953) 27 1492 (1500)

O -1.562772 -0.485616 0.469230 2 81 (53) 15 986 (979) 28 1495 (1502)

H -0.676907 -0.273955 1.253628 3 88 (57) 16 1032 (1039) 29 1565 (1567)

O 0.418453 0.022490 1.650044 4 157 (156) 17 1036 (1043) 30 1621 (1629)

C 1.033406 0.269105 0.548472 5 194 (198) 18 1052 (1060) 31 1648 (1670)

C 2.465792 0.682232 0.646379 6 282 (285) 19 1067 (1062) 32 1870 (1685)

H 2.536596 1.583343 1.254665 7 410 (417) 20 1191 (1189) 33 3080 (3098)

H 3.029286 -0.100744 1.152786 8 536 (531) 21 1295 (1223) 34 3081 (3099)

H 2.897738 0.867864 -0.333205 9 541 (539) 22 1345 (1347) 35 3164 (3190)

C 0.365195 0.147787 -0.676334 10 576 (580) 23 1401 (1409) 36 3164 (3190)

H 0.867775 0.351183 -1.607107 11 663 (645) 24 1412 (1422) 37 3192 (3207)

C -1.793208 -0.410039 -1.891996 12 762 (740) 25 1486 (1496) 38 3192 (3208)

H -1.214502 -0.186724 -2.784100 13 784 (756) 26 1491 (1496) 39 3269 (3282)

H -2.164949 -1.432892 -1.943039

H -2.657615 0.251196 -1.841063

Eelec = −345.17343253 hartree (763.2 cm−1)
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Table S6. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(HT)-I computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C 0.132445 0.016302 1.140669 1 1024i (845i) 14 942 (944) 27 1492 (1500)

O -1.155326 0.009741 1.126535 2 112i (65i) 15 983 (982) 28 1497 (1504)

H -1.383233 0.003723 -0.028549 3 83 (42) 16 1026 (1025) 29 1567 (1569)

O -1.161441 -0.000178 -1.237403 4 148 (149) 17 1034 (1042) 30 1623 (1630)

C 0.121709 0.006244 -1.257524 5 198 (203) 18 1055 (1061) 31 1652 (1669)

C 0.785301 0.004053 -2.597245 6 281 (285) 19 1063 (1065) 32 1872 (1692)

H 0.467412 -0.878633 -3.151120 7 408 (416) 20 1190 (1197) 33 3080 (3098)

H 1.868419 0.009989 -2.509889 8 541 (539) 21 1298 (1219) 34 3081 (3099)

H 0.458461 0.878837 -3.158388 9 543 (541) 22 1347 (1346) 35 3162 (3181)

C 0.849953 0.014956 -0.059940 10 576 (583) 23 1399 (1407) 36 3165 (3190)

H 1.927595 0.020398 -0.061417 11 659 (649) 24 1414 (1424) 37 3191 (3207)

C 0.809092 0.025288 2.474648 12 771 (752) 25 1478 (1495) 38 3199 (3215)

H 1.440286 0.908605 2.567135 13 784 (770) 26 1492 (1498) 39 3264 (3278)

H 1.449377 -0.850667 2.574363

H 0.064661 0.024716 3.265304

Eelec = −345.17248921 hartree (970.2 cm−1)
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Table S7. Coordinates, harmonic frequencies, and energy (the value in parenthesis is

relative to the GM in cm−1) of TS(HT)-II computed using MP2/aVTZ level of theory. The

harmonic frequencies from the 4-(9,11,11,8) PES are shown in parenthesis.

Atom x y z Mode Freq. Mode Freq. Mode Freq.

C 0.129447 -0.005040 1.207402 1 1051i (865i) 14 935 (938) 27 1497 (1499)

O -1.156174 -0.006631 1.190245 2 114i (53i) 15 979 (981) 28 1498 (1504)

H -1.380164 -0.002151 0.008383 3 107i (48i) 16 1024 (1016) 29 1569 (1571)

O -1.156126 0.002907 -1.173444 4 140 (144) 17 1027 (1034) 30 1626 (1628)

C 0.129497 0.004636 -1.190535 5 204 (208) 18 1057 (1065) 31 1651 (1678)

C 0.807608 0.010896 -2.524862 6 279 (285) 19 1059 (1067) 32 1870 (1679)

H 1.444494 -0.867579 -2.624466 7 404 (413) 20 1190 (1202) 33 3080 (3097)

H 0.063276 0.013126 -3.315604 8 541 (536) 21 1306 (1224) 34 3080 (3098)

H 1.442222 0.891787 -2.617366 9 549 (561) 22 1349 (1348) 35 3161 (3180)

C 0.851898 0.000731 0.008452 10 577 (586) 23 1396 (1406) 36 3161 (3181)

H 1.930043 0.002122 0.008479 11 653 (653) 24 1417 (1427) 37 3199 (3215)

C 0.807507 -0.009549 2.541763 12 772 (752) 25 1479 (1498) 38 3199 (3216)

H 1.442118 0.870566 2.641397 13 784 (784) 26 1479 (1498) 39 3259 (3275)

H 1.444389 -0.888799 2.634298

H 0.063145 -0.013701 3.332468

Eelec = −345.17157419 hartree (1171.0 cm−1)
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Fig. S1: Fitting errors vs. ab initio energies for (a) full symmetry PES and (b)

4-(9,11,11,8) PES. Only 5450 points are shown in the plots; the remaining 4 are off-scale

because they were added to fix holes and therefore they have extremely high energies.
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