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Table S1: Optimized geometries in Cartesian coordinates and normal mode frequencies of
all species calculate at M062X /aug-cc-pVTZ level of theory

compound | cartesian coordinate(A) frequency(cm™1)
O -1.167369 0.192586  0.000105 | 538.3305  697.3217  929.575
O 0.006904 -0.459273 -0.000058 | 1022.7741 1260.7685 1432.8735
CH-,00 C 1.0564173  0.202791  -0.000096 | 1629.6696 3139.9976 3290.8134
H 0986317 1.284825  0.000206
H 1972367 -0.368079 -0.000004
CO C 0.00 0.00 -0.640774 | 2272.4229
O 0.00 0.00 0.480581
O 0.00 0.00 0.116356 | 1619.135 3870.5222  3973.6259
WM H 0.00 0.762511  -0.465425
H 0.00 -0.762511  -0.465425
O -0.721097 1.208374  0.198852 | 75.6097 111.6637  136.8406
O -1.210084 0.107856  -0.404976 | 168.4595 190.9485  541.7498
C -1.166233 -0.966006 0.210963 | 699.3429  930.6858  1039.4746
CI-CO H -0.76154  -0.977327 1.21611 1262.0199 1437.1265 1636.1261
H -1.553608 -1.827074 -0.316513 | 2226.3558 3144.1455 3292.5125
O 1.643938 -0.603723 -0.058612
C 1.935083 0.483396 -0.007914
O -0.185313 1.182386  0.188343 | -449.1088 273.4263  341.9915
O -1.057837 0.257581  -0.349913 | 454.6682 576.2288  695.8124
C -0.911602 -0.863959 0.216346 | 778.9603  981.9863  1099.8722
TSuncat H -0.653526 -0.907604 1.265532 | 1242.6743 1414.2409 1575.3033
H -1.331049 -1.706682 -0.318346 | 1835.2116 3155.3252 3290.8577
O 1.137298 -0.757176 -0.11308
C 1.383501 0.389285  -0.00801
O -0.824533 1.224417  0.000262 | 51.5768 104.7025 138.576
O 1.328516  -0.7387 0.000698 | 178.5905 183.3187  679.2347
C 2088384 0.188163 -0.000442 | 697.2965  1225.1999 1279.0935
PCuncat H 1.724619  1.227979  -0.000441 | 1407.9795 1537.037 1858.9497
H 3.179573  0.034758  -0.001482 | 2439.7529 2963.8966 3042.9404
O -1.737651 -0.898334 -0.000371
C -1.260858 0.151537  -0.000022
O -0.828205 -0.067364 1.17843 62.0548 81.9293 101.173
O -1.356913 0.753725  0.231276 | 116.056 127.8849  157.5479
C -1.174581 0.487317 -0.964119 | 167.4058  177.7876  225.6515
H -0.619612 -0.402924 -1.248902 | 480.0927  561.7726  654.2646
RCWM H -1.613098 1.195509 -1.656012 | 711.619 910.1248  1095.7788
O 1.556385 1.063613  -0.407607 | 1291.7234 1469.7402 1628.5819
C 1.904256  0.536457  0.524016 | 1649.9132 2236.1548 3116.5923
O 0.282091 -2.065056 -0.357754 | 3271.166  3587.3124 3938.7121
H -0.048772 -1.548728 0.400373
H 0.676568 -2.865841 -0.009598
O 0.051584  -0.374701 1.046528 | -463.0239 28.1729 143.1803
O 0.274318 0.962535  0.74705 156.4858  176.8795  267.0026
C 0.237083 1.130381 -0.512347 | 346.9112  371.6368  472.493
H -0.477141 0.580148  -1.11108 | 477.0026  591.4821 702.9409
TS3WM H 0.700425 2.048718  -0.852084 | 803.759 984.2778  1141.2631
O 1.529032 -0.402658 -0.79227 | 1257.156  1415.1492 1569.0308
C 1.25611 -1.190621 0.04203 1620.5791 1824.4079 3149.7681
O -2.373587 -0.297794 -0.402875 | 3286.4159 3776.1718 3944.7605
H -1.814201 -0.625401 0$43823
H -3.21902 -0.741086 -0.316224




compound | cartesian coordinate(A) frequency(cm™1)
O -1.203961 1.221072  -0.000508 | 11.39 48.7386 68.197
O 0.689567 -1.065309 -0.000476 | 78.921 107.1714  135.1259
C 1.827017 -1.453401 0.000058 | 158.8111  166.1379  177.0222
H 2668665 -0.746085 0.000639 | 272.6641  446.1401  686.4288
pCciWM H 2.055685 -2.5306563 0.000037 | 696.0605 1236.8254  1288.4091
O -2.3923 -0.76018  0.000517 | 1410.2356 1540.74 1615.4512
C -1.786137 0.220293  -0.000005 | 1847.5811 2442.7889 2975.6081
O 1.937228  1.508857  0.000232 | 3072.5832 3817.8255 3946.6627
H 1.111876 1.009114  -0.000136
H 1.674224 2.430752  0.00102
O 0473282 -1.185947 0.185804 | 110.0291  170.8853  222.4337
O 1.083024 -0.076841 -0.324213 | 227.221 435.8778  535.2058
C 0.797367 1.017543  0.168923 | 683.1509  714.847 895.9319
H 0.087788  1.067178  0.986579 | 1080.0972 1270.1542 1455.3823
CI-WM H 1.290426 1.872939 -0.275681 | 1640.6278 1662.7099 3140.6972
O -1.853691 0.211905 -0.016529 | 3286.5343 3550.2406 3937.0225
H -1.231877 -0.53787  0.057151
H -2.59146  -0.100441 -0.542076
O 1.069794 0.205387  0.001228 | 32.4226 71.0477 106.1902
C 211628 -0.200261 -0.001545 | 132.3502 207.4264 1619.5945
WM-CO O -2.155208 -0.15651 0.000322 | 2264.1188 3868.2754  3969.2895
H -1.268897 0.211247  0.004109
H -2.745472  0.599302 -0.00724
C 0.042979  1.107502  0.934391 | -406.8409 26.77 118.7138
O 0.097857  1.549267  -0.263843 | 132.97 146.7253 168.493
O 0.127698  0.462375 -1.116642 | 213.6647  422.4229  442.7815
C -1.246802 -0.364958 0.198741 | 515.9257  610.6998  627.9782
H 0668854 0.275185  1.238241 | 852.4864  999.0864  1159.3541
TS1V M H -0.308195 1.830762  1.664005 | 1246.6414 1400.1414 1562.1243
O -1.766837 -1.347422 0.013363 | 1619.0598 2212.0645 3118.9463
O 1.892731 -1.177628 0.234543 | 3243.2466 3656.4514 3940.5954
H 1467426 -0.720941 -0.510432
H 2583258 -1.733013 -0.129982
O -0.959775 -1.178806 -0.426468 | -704.3882  29.0273 59.9997
O 0.303556  -0.227113 -0.126437 | 101.5592  121.4006  179.4117
C -1.84507  -1.003569 0.385182 | 194.9272  265.3927  345.3013
H -1.708013 -0.310084 1.213311 | 452.0085 508.9288  529.6087
H -2.772976 -1.563645 0.254391 | 588.5608  673.9222 1191.6442
TS2W M O 3.041136  -0.079318 0.069624 | 1252.1809 1483.1487 1640.5889
C  2.02769 0.411404  0.119791 | 1772.7735 2205.8478 3074.61
O -1.658296 1.689114  -0.002217 | 3201.9046 3581.0038 3941.071
H -0.783691 1.276319 -0.133598
H -1.644006 2.519385  -0.479961
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compound | cartesian coordinate(A) frequency(cm™1)
O  0.444324 -0.902456  0.9069 22.6468 46.2999 64.6629
O 0.189388  0.453902  1.061897 | 84.75 91.2857 114.1249
C  -0.104147 1.084109  0.041509 | 162.2417 166.3993 173.8039
H -0.137451 0.576535  -0.915446 | 218.832 243.3605 282.6463
H -0.276549  2.143674 0.166808 310.9418 425.4682 524.0827
O  2.609511 0.518132 -0.668328 | 550.8073 730.6268 743.3693
RCWD C  2.952387 -0.51362 -0.376344 | 860.5341 887.9578 1117.4914
O -1.695367 -1.532813  -0.507637 | 1258.3039  1452.155 1642.1093
H -0.885495 -1.45759 0.061519 | 1671.4995 1676.0722  2233.8615
H -2.051988 -2.413001 -0.382117 | 3156.5146  3189.0347  3300.7458
O -2.54948 1.02219 -0.384317 | 3528.5178  3925.3923  3937.8836
H -3.23911 1.20795 0.2558
H -2.485858 0.047858  -0.445671
C 0.479116 -0.796993  1.18376 -378.4092  35.2788 46.7069
O  0.485825 -1.738595  0.319249 71.1015 98.6406 127.784
O 0.108609  -1.174407  -0.903825 | 156.146 173.0673 186.9048
C 1425569  0.45239 -0.084113 | 228.873 257.6012 344.4801
H -0.330298 -0.076906  1.211583 | 410.2165 474.9591 515.769
H 1.03867 -1.012105  2.090622 602.4895 665.2213 868.2031
O  1.969526 1.22628 -0.686715 | 895.268 986.2511 1185.148
TS1WP O -0.898588 1.926437  0.551946 | 1229.9366 1392.3819  1563.46
H -1.594165 1.385302 0.137521 1628.1726  1643.2565  2260.416
H -0977102 2.806787  0.181595 | 3130.2921  3249.1125  3260.7863
O -2.295033 -0.210421 -0.36964 3633.5404  3938.4316  3942.8978
H -3.049185 -0.612539 -0.801416
H -1.478743 -0.65728 -0.705908
O  1.504931 0.009816 -0.120973 | 84.5182 126.783 148.4515
H 0.556624 -0.005585  0.063449 193.5486 355.6011 606.3369
H 1.934985  -0.061144 0.732492 | 1618.9862 1635.644 3772.5038
WD O -1.386115 -0.007941  0.111671 | 3859.7328  3944.091 3958.8595
H -1.723819 -0.73758 -0.413414
H -1.718313  0.789302 -0.308107
C 0992857  1.136948  -0.159209 | 41.8972 97.4679 160.7208
O 1.280777  0.110797  0.45911 216.8151 231.5149 271.3756
O  1.25365 -1.072317  -0.279911 | 287.3066 293.4652 449.2527
H 0.793221 1.07351 -1.221611 | 478.4996 525.5963 720.3005
H 1.00602 2.0581 0.406997 | 835.8207 863.729 972.4596
CI-WD O -1.439344  1.293205 0.049914 1110.752 1255.3886  1447.9704
H -1.566177 0.317571  0.074398 | 1632.9366  1661.7728  1685.7502
H -2.131023 1.63671 -0.518922 | 3156.7731  3185.4551  3299.8708
O -1.359331 -1.393706 -0.02343 3409.448 3920.9668  3928.4911
H -1.57138 -1.978283  0.706059
H -0.37381 -1.433131  -0.137133
C  1.253842 -0.668707  0.00903 75.3634 83.555 118.0603
O  2.254045 -0.166202  -0.009127 | 140.3226 145.8441 179.8125
O -0.617154 1.564124  0.082974 | 196.5079 233.8935 283.9718
H -1.2943 0.878975  -0.006124 | 479.6977 634.0547 1616.8034
WD-CO H -0.934349  2.319359 -0.414857 | 1636.6889  2291.1837  3748.3335
O -1.88453 -0.96527 -0.100884 | 3814.9842  3939.9421  3940.5497
H -2.350563 -1.407693 0.611614
H -0.962733 -1.239611

-0.02852
00




compound | cartesian coordinate(A) frequency(cm™1)
C  1.185705 -1.428046  0.355514 -695.0639  24.8734 48.4629
O 0370809  -1.315019  -0.54306 68.9148 88.1388 156.1938
O -0.805242  -0.282763  -0.136603 | 197.3566 218.5549 255.0682
H 1.045487  -0.899265 1.295618 | 264.5364 270.6748 295.4385
H 2.012205 -2.122339  0.22088 419.5113 450.2917 484.6648
C  -2463041 0.416642 0.184463 511.6433 548.5754 674.3575
TS2W P O  -3.495035 -0.031478  0.103648 753.4014 897.0326 1182.2755
O 2907983  0.257264  0.203728 | 1236.7701  1467.6657  1640.7576
H 2258071  0.983153  0.077597 | 1664.4845  1742.7227  2197.8419
H 3.532255  0.3316 -0.520927 | 3102.8511  3222.3925  3310.2472
O 0.80272 1.873533 -0.185862 | 3448.4461  3920.4339  3931.0703
H 0.463658 2.584472 0.360246
H 0.10246 1.178502 -0.208081
O -0.505154 -1.089726  0.520283 -465.5737  32.1004 33.4086
O -1.002737 -1.015933  -0.777157 | 58.4753 156.224 160.2531
C -0.847173 0.17122 -1.21489 185.4797 191.7129 223.0056
H 0.044144  0.742292  -0.965817 | 276.1872 332.6902 352.3984
H -1.476406 0.407368  -2.065338 | 357.2672 473.5419 573.361
O -1.677566  0.948266 0.43159 592.6946 706.9192 709.9714
C  -1.317825  0.255937 1.317582 836.6575 990.0953 1195.6367
TS3WDP O  2.278863 -0.997462  0.159689 1256.1617  1411.2642  1569.3577
H 1.374029 -1.224616  0.42614 1613.3883  1636.5582  1821.3764
H 2853808  -1.691253  0.485719 | 3100.9262  3256.4572  3674.2295
O 1.698357  1.674794  -0.219024 | 3711.6971  3932.73 3942.03
H 1.708175 2.199733 0.583377
H 2.152146 0.844016 -0.003278
O 0.982127 1.492283 0.493312 75.9137 85.6545 92.0472
O -0.528791 -1.103665 1.11698 117.9353 122.4304 128.1177
C -0.566304 -1.875569  0.193457 | 155.5737 185.2245 189.6703
H -1.519836  -2.195714  -0.249263 | 205.5041 227.0916 237.0734
H 0.352327  -2.29342 -0.239205 | 287.7149 326.6071 390.8546
O 2151601  -0.387333 -0.168516 | 625.1711 682.1884 687.8876
pcwWp C 1.547014 0.540765 0.155564 747.4373 1221.7799  1279.3576
O -2.022754  1.199019 0.334642 1409.27 1540.0337  1640.3607
H -1.729514  0.471527  0.902316 | 1646.9701  1836.0966  2440.9566
H -1.45799 1.935751  0.584785 | 2994.7219  3082.2735  3603.4949
O -0.541224  -0.02794 -1.6927 3762.5981  3907.3388  3931.4774
H -0.704773  0.204356 -2.608439
H -1.152145 0.507414 -1.154068
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Table S2: Bimolecular rate constant k; in (cm?® molecule! sec!') for HyO catalyzed channel
corresponds to TS1 within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 2.43x1071 | 2.11x1072* | 2.47x107%° | 3.71x10~*
216 2.82x10719 | 2.97x107%* | 2.75x107%° | 5.08x10~%*
219 3.26x10719 | 4.13x107%* | 3.06x107%° | 6.89x 1024
224 4.12x1071 | 7.04x10724 | 3.63x1072° | 1.13x10~ %
235 6.66x1071 | 2.11x10723 | 5.15x1072° | 3.09x 102
250 1.20x107"® | 8.06x10723 | 7.91x1072° | 1.07x 10?2
259 1.66x10718 | 1.68x10722 | 1.00x10~% | 2.09%x 1072
265 2.03x10718 | 2.66x1072%2 | 1.16x107" | 3.20x10~%2
278 3.06x10718 | 6.79%x10722 | 1.57x107 | 7.58x10~%?
280 3.25x10718 | 7.79%x 10722 | 1.64x107 | 8.59x10~%?
290 4.34x10718 | 1.50x10721 | 2.02x10719 | 1.57x10~ 2
298 5.39x10718 | 2.46x1072" | 2.37x10710 | 2.48x10~%!
300 5.68x10718 | 2.77x1072" | 2.46x10710 | 2.76x 102!
310 7.33x10718 | 4.93x1072 | 2.97x10°1 | 4.69x 10~
320 0.32x 10718 | 8.47x1072! | 3.54x10719 | 7.72x 10~
330 1.17x1077 | 1.41x10720 | 4.19%10719 | 1.23%x1020
350 1.78x10717 | 3.60x107%° | 5.70x107" | 2.92x 10720
375 2.83x10717 | 1.02x10719 | 8.05x107 | 7.60x10~%
400 4.29%x10717 | 25510719 | 1.10x 1078 | 1.77x 107"
425 6.22x10717 | 5.76x10719 | 1.45x10718 | 3.74x 101
450 8.72x10717 | 1.20x10718 | 1.87x10718 | 7.33x 1019
A75 1.19%x10716 | 2.32x107® | 2.36x107'® | 1.35%x107'8
500 1.57x10716 | 4.23x107*® | 2.93x10718 | 2.34x107'8
550 2.60x10716 | 1.21x10717 | 4.31x107® | 6.15x10~ '8
600 4.02x10716 | 2.95%x10717 | 6.04x107® | 1.40x10~'7
650 5.90x10716 | 6.36x107'7 | 8.18x 1078 | 2.84x10~17
700 8.31x10716 | 1.24x10716 | 1.07x107'7 | 5.29%x 10~
750 1.13x107% | 2.25%x10716 | 1.37x107'7 | 9.14x 1017
800 1.50x107 | 3.82x107%6 | 1.73x10717 | 1.49x10716
850 1.94x107 | 6.14x 10716 | 2.13x 10717 | 2.32x 10716
900 2.46x1071% | 9.45%10716 | 2.59%x 10717 | 3.45x 1016
950 3.07x1071 | 1.40x10715 | 3.11x10717 | 4.97x10~1¢
1000 3.78x107% | 2.00x107% | 3.70x10717 | 6.93x 10716
1100 5.49%1071% | 3.78x1071° | 5.08 %1077 | 1.25x10~1°
1200 7.68x1071 | 6.55%1071° | 6.75x10717 | 2.09x10~1°
1300 1.04x107" | 1.06x10~™ | 8.76x10~17 | 3.28x10~1°
1400 1.36x107™ | 1.62x107™ | 1.11x10716 | 4.88x1071°
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Table S3: Bimolecular rate constant k, in (cm?® molecule! sec') for HyO catalyzed channel
corresponds to TS2 within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 9.02x107" | 7.84x1072* | 9.17x1072° | 5.63x10~%°
216 1.06x1071 | 1.11x1072 | 1.03x1071 | 8.57x10726
219 1.23x1078 | 1.56x107% | 1.16x107" | 1.29%x 1072
224 1.58%x1071 | 2.71x10723 | 1.39x 10719 | 2.48x 102"
235 2.65x10718 | 8.36x1072% | 2.05x107 | 9.60x10~%
250 4.99%x10718 | 3.35x1072% | 3.28x107 | 5.04x 1024
259 7.06x10718 | 7.16x107%22 | 4.26x107 | 1.25%x10723
265 8.81x107™ | 1.16x1072' | 5.03x10719 | 2.21x10"%
278 1.38x107'7 | 3.06x1072! | 7.05x10~1 | 7.07x 1023
280 1.47x1077 | 3.53x1072" | 7.41x10719 | 8.37x 10723
290 2.02x10717 | 6.98x10721 | 9.40x 1071 | 1.89x 1022
298 2.56x10717 | 1.17x10720 | 1.13x107*® | 3.49x10722
300 2.72x10717 | 1.33x10720 | 1.18x 107 ¥ | 4.05x10722
310 3.60x10717 | 2.42x10720 | 1.46x107'® | 8.30x 1022
320 4.69x10717 | 4.27x10729 | 1.78x1078 | 1.63x10~
330 6.04x10717 | 7.29% 1072 | 2.16x 10718 | 3.08x 102!
350 9.63x107Y7 | 1.95%107' | 3.09%x107'8 | 9.91x10~%!
375 1.63x10716 | 5.85x107" | 4.62x107"® | 3.63x10~2°
400 2.60x10716 | 1.54x107'8 | 6.65x107® | 1.14x10~ "
425 3.96x10716 | 3.67x1078 | 9.24x 10 '® | 3.18x 10~ 1?
450 5.82x10716 | 7.99% 10718 | 1.25% 10717 | 7.96x 101
A75 8.27x1071 | 1.62x107'7 | 1.65x10717 | 1.82x10~'®
500 1.14x1075 | 3.07x107'7 | 2.13x107'7 | 3.87x10~'8
550 2.03x1071% | 9.46x10717 | 3.37x10717 | 1.44x 10~
600 3.36x1071% | 2.46x10716 | 5.05%x10717 | 4.42x10~"7
650 5.22x10715 | 5.63x10716 | 7.24x 10717 | 1.16x 1016
700 7.74x1071% | 1.16x107"° | 1.00x 107 | 2.68x 10716
750 1.10x107™ | 2.20x107% | 1.34x10716 | 5.60x 10716
800 1.52x107" | 3.89x107" | 1.76x10716 | 1.08x10~1°
850 2.05x10714 | 6.48x1071° | 2.25%x10716 | 1.95x10~1°
900 2.69x107 | 1.03x107"* | 2.83x10716 | 3.32x10~1°
950 3.45%107™ | 1.57x10* | 3.50x 10716 | 5.39x101°
1000 4.37x107™ | 2.32x1071 | 4.28%x10716 | 8.38x1071°
1100 6.67x107 | 4.59x10714 | 6.17x10716 | 1.83x10~™
1200 9.72x107™ | 8.29x10 | 8.55%x 10716 | 3.58x 10~ 4
1300 1.36x107 | 1.39x10713 | 1.15x107'% | 6.41x 10~
1400 1.85%1071 | 2.19%x1071 | 1.51x10715 | 1.07x 10713
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Table S4: Bimolecular rate constant k, in (cm?® molecule! sec') for HyO catalyzed channel
corresponds to T'S3, within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 6.37x107%% | 5.53x107% | 6.48x1072° | 1.14x 10?7
216 8.39x10724 | 8.81x1072 | 8.18x107% | 1.71x10~%"
219 1.09%x1072% | 1.39x1072® | 1.03x1072* | 2.55x 10727
224 1.68x107% | 2.87x1072% | 1.48x10724 | 4.81x10~%7
235 4.05x10723 | 1.28x10727 | 3.13x1072* | 1.77x10~%¢
250 1.19x107%22 | 7.98x1072%7 | 7.83x10724 | 8.76x 10726
259 2.14%x1072%2 | 2.17x107%6 | 1.29%10723 | 2.09x10725
265 3.09x10722 | 4.06x10726 | 1.77x107% | 3.62x10~%
278 6.52x10722 | 1.45%1072% | 3.34x10°%% | 1.10x10~%*
280 727x10722 | 1.74x107?° | 3.66x1072% | 1.29x10~%*
290 1.23x1072 | 4.24x107% | 5.71x10723 | 2.80x 10~
298 1.82x1072 | 8.28x107% | 7.99x1072 | 5.02x 1024
300 2.00x1072' | 9.74%x107?° | 8.66x1072% | 5.78x 10~
310 3.16x10721 | 2.12x107%* | 1.28x107%2 | 1.14x10~%
320 4.86x1072" | 4.42x10724 | 1.85x10722 | 2.15x 102
330 7.30x107%' | 8.80x1072* | 2.61x107%2 | 3.93x10~%3
350 1.54x107%0 | 3.12x1072 | 4.93x10722 | 1.18x10722
375 3.51x1072° | 1.26x1072%2 | 9.99x10722 | 3.99x10~%?
400 7.28x107%0 | 4.33%x10722 | 1.86x1072! | 1.16x10"%!
425 1.39x107 | 1.20x 102" | 3.25x1072' | 3.01x10~2!
450 2.50x1071 | 3.43x1072' | 5.36x1072! | 7.06x 102!
A75 4.24x107% | 8.28 %1072 | 8.44x1072' | 1.52x10720
500 6.85x10719 | 1.84%x 10720 | 1.28x107%0 | 3.04x10~20
550 1.59% 10718 | 7.41x107%0 | 2.64x1072° | 1.02x 10~
600 3.28x10718 | 2.41x10719 | 4.93x10720 | 2.86x 10~ 1?
650 6.13x107 " | 6.61x1071 | 8.50x1072° | 6.90x 10~
700 1.06x1077 | 1.59%x 107" | 1.37x1071 | 1.49x10~'8
750 1.73x107Y7 | 3.45%1071® | 2.11x10719 | 2.93x10~'8
800 2.69x10717 | 6.86x10718 | 3.10x107 | 5.35x10~'®
850 4.01x10717 | 1.27x10717 | 4.40x10719 | 9.17x 108
900 5.76x10717 | 2.21x10717 | 6.07x107 | 1.49x10~Y7
950 8.04x10717 | 3.66x10~17 | 8.15x10719 | 2.33x 10717
1000 1.09%x10716 | 5.80x107'7 | 1.07x107"® | 3.49x10~'7
1100 1.89%10716 | 1.30x10716 | 1.75x10"*® | 7.15x10~'7
1200 3.06x10716 | 2.61x10716 | 2.70x107'® | 1.32x10° 16
1300 4.69x10710 | 4.78x10716 | 3.96x10718 | 2.27x 1016
1400 6.86x10710 | 8.14x10716 | 5.59%x 1078 | 3.64x 1016
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Table S5: The total bimolecular rate constant k; in (cm® molecule! sec!) for HyO catalyzed
and uncatalyzed channel, within the temperature range of 213-1400 K

Temp (K) | kis/ ket Kot

213 6.03x10719 [ 3.77x1072* | 6.03x 1019
216 6.95x10719 | 5.17x107%* | 6.95x10~ 1
219 7.99%1071 | 7.03x107%* | 7.99x 10~
224 1.00x1078 | 1.15x10%3 | 1.00x 1018
235 1.59%x 1071 | 3.19x 10723 | 1.59x 1018
250 2.81x10718 | 1.12x10722 | 2.81x10° '8
259 3.84x10718 | 2.22x1072% | 3.84x 1078
265 4.68x10718 | 3.43x10722 | 4.68x107'8
278 6.99x 10718 | 8.30x1072% | 6.99x 108
280 7.41x10718 | 9.44x10722 | 7.41x107 '8
290 9.83x1071® | 1.76x1072' | 9.83x 1078
298 1.22%x10717 | 2.83x1072! | 1.22x10™Y7
300 1.28%10717 | 3.17x107%! | 1.28x 10~ 17
310 1.65x1077 | 5.53x1072! | 1.65x10~'7
320 2.08x10717 | 9.37x1072! | 2.08%x 1017
330 7.48x10717 | 1.55%10720 | 7.48x10~Y7
350 1.18x10710 | 3.93x10720 | 1.18x 10716
375 1.97x10716 | 1.13x10719 | 1.97x 10716
400 3.12x10716 | 2.92x10719 | 3.12x 10716
425 4.74%x1071 | 6.95x10719 | 4.74x 10716
450 6.93x10716 | 1.54x10718 | 6.94x 1016
475 9.83x10716 | 3.18x10718 | 9.86x 1016
500 1.36x107% | 6.24x107® | 1.37x10715
550 2.44%x1071% | 2.07x10717 | 2.46x10~1
600 4.10x1071 | 5.84x10717 | 4.15x1071°
650 6.53x1071° | 1.45%10716 | 6.67x1071°
700 9.98x10715 | 3.22x10716 | 1.03x 10~
750 1.48x107™ | 6.55x 10716 | 1.54x10~14
800 2.12x10714 | 1.24x107"° | 2.25x 10~
850 2.98x107M | 2.19x10715 | 3.20x 1014
900 4.10x107 | 3.68x10715 | 4.47x10~14
950 5.52x10714 | 5.91x107% | 6.12x 10~
1000 7.32x10714 | 9.11x107 | 8.24x 10~
1100 1.23x1071 | 1.96x107 | 1.43x10713
1200 1.96x1071 | 3.80x107 | 2.34x10713
1300 2.98x1071 | 6.76x10"'* | 3.66x 10713
1400 4371071 | 1.12x10713 | 5.49x 10713
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Table S6: Relative energies (AE) including ZPE in kcal mol® for all the species with respect
to the isolated reactants at the CCSD(T)/CBS level of theory in the presence of H,O as a
catalyst.

Species | AE
CI-CO -1.48
PCunear | -121.43
RCeat -8.50
TS1car 3.48
TS200: 3.38
TS3ca 7.43
PC,., | -125.26
Product | -119.22
CI-WM | -6.75
WM-CO | -0.40

1 Concentration of precursors

A general scheme for the catalyzed channels can be expressed as follows.

CI+CO+X kl CI-CO+X 2~ RCu —“> products (path A)
1 )
kl k? kum

CI+CO+X 2 CI-X+CO 2 RC.t+ ——— products (path B)
~1 —2
kl k2 kum

CI+CO+X ? X-CO+CI ? RC..y —— products (path C)
~1 )

where, CI=CH,00; X= WM and WD (WM=H,0 and WD= (H,0),

The K¢q for path A can be expressed as below.

pathA [CI - CO]
= emeo] .
and
[CT — CO] = K" [C1)[CO) (2)
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Similarly, the concentration of CI-X and X-CO can be calculated from path B and path C,

which can be expressed as below.

[CT — X] = KP4"P[C01)[X] (3)
and
[X — CO) = KE"[X][CO] (4)

Consequently, the concentration of different precursors molecules has been tabulated in the

below Tables.

Table S7: Concentration of different bimolecular species in in molecules cm™3 | calculated
using the ke, values of path A, B, and C for HyO catalyzed channel

Temp (K) | kPa™A KPaih B KPeThe [H20] [CO] [cy [CI-CO] [CLWM] | [WM-CO]
280 9.67x10~2° | 4.03x10~ 21 | 1.92x10~ 2% | 2.58x1077 | 1.00x107® | 5.00x10% | 4.83x10~7 | 5.20x10' | 4.95x107
290 9.13x10725 | 2.64x10~2' | 1.96x10723 | 4.78x10'7 | 1.00x10'3 | 5.00x10% | 4.57x10~7 | 6.31x10' | 9.36x107
298 8.76x10~25 | 1.92x1072' | 1.99x10723 | 7.73x10'7 | 1.00x10'3 | 5.00x10% | 4.38x10~7 | 7.43x10' | 1.54x10%
300 8.68x10~25 | 1.78x102' | 2.00x10723 | 8.58x10'7 | 1.00x10'3 | 5.00x10% | 4.34x10~7 | 7.64x10' | 1.72x10%
310 8.30x10~25 | 1.24x102' | 2.05x10723 | 1.46x10'® | 1.00x10'3 | 5.00x10% | 4.15x10~7 | 9.02x10' | 2.99x10%
320 7.98x10~25 | 8.78x10722 | 2.10x10°23 | 2.35x10'® | 1.00x10'® | 5.00x10% | 3.99x10~7 | 1.03x10%2 | 4.93x10%

Table S8: Concentration of different bimolecular species in in molecules cm™ | calculated

using the k., values of path A, B, and C for (HyO), catalyzed channel

Temp (K) | k224 Kpah B Kpahe [H20] [CO] [c1) [CI-CO] [CI-WD] | [WD-CO]
280 9.67x10~ 20 3.05x10~ 19 7.95x10~ 22 5.00x10% 1.00x 1013 2.05x 1012 4.83x10~ 7 3.12 1.63%x10%
290 9.13x107 25 1.42x1071° 6.78x 1024 5.00x10* 1.00x 1013 5.91x 104 4.57x10~7 4.19 4.01x10%
298 8.76x10~ 25 7.97x10720 6.02x10 24 5.00x10* 1.00x 1013 1.36x10° 4.38x10~7 5.42 8.19x10%
300 8.68x 10725 6.94x10720 5.85x107 24 5.00x10* 1.00x 1013 1.62x10° 4.34x10~7 5.62 9.48x10%
310 8.30x10~ 25 3.56x10720 5.11x10724 5.00x10* 1.00x 1013 4.06x10%° 4.15x10~7 7.22 2.07x10°
320 7.98x10~ 25 1.91x10~20 4.51x10 24 5.00x10% 1.00x 1013 9.04x10%° 3.99x107 8.62 4.08x10°
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Figure S1: Gibbs free energy profile for CH,OO + CO reaction in presence of HyO calculated

CI-CO, CI-WM and WM-CO are pre-reactive complexes.

-111.38 e, FH4+COo+WM
at CCSD(T)/CBS//M062X/aug-cc-pVTZ level of theory, where CI=CH,OO0 , FH=CH,O;
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Table S12: Bimolecular rate constant kj, in (cm?® molecule! sec!) for (Hy0), catalyzed channel
corresponds to TS1 within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 5.77x1071 | 3.20x1072* | 2.94x107'7 | 3.71x10~*
216 5.29x107 | 4.51x1072* | 3.03x107'7 | 5.08x 10~
219 4.87x107™ | 6.32x1072* | 3.13x107'7 | 6.89x 10~
224 4.26x107™ | 1.09x10723 | 3.28x107'7 | 1.13x107%
235 3.24x1071 | 3.31x1072% | 3.62x107'7 | 3.09%x10723
250 2.32x107 | 1.30x10722 | 4.09x107'7 | 1.07x10~%2
259 1.93x1071 | 2.75x10722 | 4.37x10~17 | 2.09x 1022
265 1.73x107M | 4.41x10722 | 4.57x10717 | 3.20x 10722
278 1.37x1071* | 1.15x1072! | 4.99x10~'7 | 7.58x 10722
280 1.33x107™ | 1.32x1072' | 5.06x107'7 | 8.59x 10722
290 1.13x107™ | 2.58x1072' | 5.39x107'7 | 1.57x1072!
208 1.01x107™ | 4281072 | 5.66x 10717 | 2.48x 102!
300 9.78x1071 | 4.84x1072' | 5.73x10717 | 2.76x 102!
310 8.53x107% | 8.72x1072' | 6.07x107'7 | 4.69x10~%!
320 7.52x1071 | 1.52x1072° | 6.42x10717 | 7.72x10"%!
330 6.67x1071 | 2.57x107%° | 6.77x107'7 | 1.23x10720
350 5.39x1071 | 6.72x1072° | 7.49%107'7 | 2.92x10%
375 4.28%1071 | 1.96x1071 | 8.42x 10717 | 7.60x10~20
400 3.52x1071 | 5.03x1071 | 9.40x 10717 | 1.77x 10719
425 2.97x1071% | 1.17x10718 | 1.04x10716 | 3.74x10~%
450 2.58x1071 | 2.49%x10718 | 1.15x10716 | 7.33x10~ %
475 2.28x1071% | 4.92x1078 | 1.26x10716 | 1.35x 1018
500 2.05x1071% | 9.16x1078 | 1.37x10716 | 2.34x 1018
550 1.72x107 | 2.72%x 10717 | 1.62x10716 | 6.15x 10718
600 1.52x1071° | 6.86x1077 | 1.89x 10716 | 1.40x10~'7
650 1.38x1075 | 1.52x10716 | 2.18x10716 | 2.84x 10717
700 1.29%1071° | 3.06x10716 | 2.51x10716 | 5.29%x 107
750 1.23x107"° | 5.66x10716 | 2.86x1010 | 9.14x 107
800 1.20x107 | 9.80x 10716 | 3.24x 10716 | 1.49x 10716
850 1.17x1071 | 1.61x107 | 3.65x10716 | 2.32x 10716
900 1.17x107% | 2.51x1071 | 4.10x10716 | 3.45%x 10716
1000 1.18x1071° | 5.48x107" | 5.10x10716 | 6.93x 10716
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Table S13: Bimolecular rate constant k;, in (cm® molecule! sec!) for (H0), catalyzed channel
corresponds to TS2 within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 2.38x1071 [ 1.32x10721 | 1.22%x107* | 5.63%x10~26
216 2.01x1071 | 1.71x10721 | 1.15x10~ ™ | 8.57x10~26
219 1.71x1071 | 2.21x10721 | 1.09x 10714 | 1.29x10~2°
224 1.31x10~M | 3.34x1072! | 1.01x107'* | 2.48x10~2°
235 7.64x10712 | 7.82x 102! | 8.53x10~1 | 9.60x10~2°
250 3.96x10712 | 2.22x10720 | 6.98x 1071 | 5.04x 1024
259 2.77x10712 | 3.94%x10720 | 6.27x107 | 1.25%x10723
265 2.22%10712 | 5.66x10720 | 5.87x107 | 2.21x10723
278 1.41x10712 | 1.18x1071 | 5.14%x1071° | 7.07x 1023
280 1.32x10712 | 1.31x10719 | 5.04x1071® | 8.37x 102
290 9.69%x10713 | 2.21x10719 | 4.61x107° | 1.89x 1022
208 767x10713 | 3.26x10710 | 4.32x 1071 | 3.49x10~22
300 7.25%x10713 | 3.59x 1071 | 4.25x 1071 | 4.05x 10722
310 5.54x10713 | 5.66x107 | 3.94x 1071 | 8.30x 10722
320 4.31x10713 | 8.71x10719 | 3.68x 10> | 1.63x 102!
330 3.41x10713 | 1.31x1078 | 3.46x 107> | 3.08x10~2!
350 2.23x10713 | 2.78x 10718 | 3.09x 107> | 9.91x 10~
375 1.40x1071 | 6.42x10718 | 2.76x1071° | 3.63%x10~2Y
400 9.45x10714 | 1.35%10717 | 2.52x107 | 1.14x10~19
425 6.71x1071* | 2.63x10717 | 2.35x1071> | 3.18x10~1?
450 4.98x107 | 4.81x10717 | 2.21x107*° | 7.96x 1019
475 3.83x1071 | 8.29%x10717 | 2.12x1071 | 1.82%x 10718
500 3.05x10714 | 1.37x1076 | 2.04x10~1 | 3.87x10718
550 2.08%107M | 3.28%1076 | 1.96x1071 | 1.44x1077
600 1.54x107™ | 6.97x10716 | 1.92x1071° | 4.42%x10717
650 1.22x1071 | 1.34x 10715 | 1.92x1071® | 1.16x 10716
700 1.01x107 | 2.38x10715 | 1.95%10715 | 2.68x 1016
750 8.62x10715 | 3.96x1071% | 2.00x107*® | 5.60x 1016
800 7.63x1071° | 6.25x107 | 2.06x 1071 | 1.08x 10715
850 6.91x1071° | 9.45x1071% | 2.15x107*° | 1.95x10~1°
900 6.38x1071 | 1.38x107™ | 2.24%x1071° | 3.32x1071°
1000 5.72x1071% | 2.66x 10~ | 2.48x 1071 | 8.38x 10715
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Table S14: Bimolecular rate constant k;, in (cm?® molecule! sec!) for (H0), catalyzed channel
corresponds to TS3, within temperature range 213-1400 K

Temp (K) path A path B path C uncat
213 1.77x10718 [ 9.78x107% | 9.01x10"%2 | 1.14x 10727
216 1.85%107 | 1.58x1072% | 1.06x1072" | 1.71x10~%7
219 1.94x1078 | 2.52x10728 | 1.25x 1072 | 2.55%x10~%7
224 2.09x1071® | 5.35%x10728 | 1.61x1072! | 4.81x10~%7
235 2.44x10718 | 2.50x10727 | 2.73x1072! | 1.77x1072%6
250 2.95x10718 | 1.66x10726 | 5.20x1072! | 8.76x 1026
259 3.27x10718 | 4.65%x10726 | 7.40x1072! | 2.09x10~%
265 3.49x 10718 | 8.92x10726 | 9.24x1072! | 3.62x10~%
278 3.98x107™® | 3.33x107% | 1.45%x1072° | 1.10x 10~
280 4.06x10718 | 4.04x1072% | 1.55x1072° | 1.29x 10~
290 4.46x10718 | 1.01x1072* | 2.12x10720 | 2.80x10~%*
298 4.78%1071 | 2.03x1072* | 2.69x1072° | 5.02x 10~
300 4.87x1071 | 2.41x1072* | 2.85x1072° | 5.78x 10~
310 5.29%10718 | 5.41x107%* | 3.76x107%° | 1.14x10~23
320 5.72x10718 | 1.16x10723 | 4.89x10720 | 2.15x10~%
330 6.16x107"® | 2.37x10723 | 6.25%x1072° | 3.93x10~%
350 7.08x10718 | 8.84%x1072% | 9.85x10720 | 1.18x10~ %2
375 8.30x107 ' | 3.80x1072? | 1.63x107"9 | 3.99x 1022
400 9.58x1071® | 1.37x1072' | 2.56x 10719 | 1.16x10~%!
425 1.09%10717 | 4.30x1072! | 3.83x107" | 3.01x 10~
450 1.24x10717 | 1.19%1072° | 55010719 | 7.06x 1072
A75 1.39%x107'7 | 3.00x107%0 | 7.66x10~ % | 1.52x10~2°
500 1.55%x10717 | 6.92x10720 | 1.04x10~® | 3.04x 1020
550 1.89x10717 | 2.98x1071 | 1.78 %10 | 1.02x 10~ 19
600 2.27x10717 | 1.03x10718 | 2.83x107'8 | 2.86x 10~
650 2.70x10717 | 2.97x10718 | 4.26x107'8 | 6.90x10~ "
700 3.16x10717 | 7.48x10718 | 6.13x107® | 1.49x10~ '8
750 3.67x10717 | 1.69x107'7 | 8.51x107® | 2.93x10~'®
800 4.24x10717 | 3.47x107'7 | 1.15x107'7 | 5.35x10'®
850 4.85%x107Y | 6.63x107'7 | 1.51x10717 | 9.17x107'®
900 5.52x10717 | 1.19x10716 | 1.94x10717 | 1.49x10~'"
1000 7.03x10717 | 3.27x10716 | 3.05x10717 | 3.49x10~'7
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Table S15: The total bimolecular rate constant k; in (cm?® molecule! sec!') for (HyO), cat-
alyzed and uncatalyzed channel, within the temperature range of 213-1400 K

Temp (K) | kiatf ket Kyot

213 2.39x1071 | 3.77x107%* | 2.39x 101!
216 2.02x10~1 | 5.17x1072* | 2.02x 101!
219 1.71x107 | 7.03x1072* | 1.71x 10~ 11
224 1.32x1071 | 1.15x1072% | 1.32x10~ 1!
235 7.68x10712 | 3.19x10723 | 7.68x 1012
250 3.99x10712 | 1.12x10722 | 3.99x 102
259 2.80x10712 | 2.22x1072% | 2.80x 102
265 2.24x10712 | 3.43x10722 | 2.24x 10712
278 1.43x10712 | 8.30x10722 | 1.43x10712
280 1.34x1072 | 9.44x10722 | 1.34x 10712
290 9.85x10713 | 1.76x1072! | 9.85%x 10~ 13
298 7.82x10713 | 2.83x1072! | 7.82x 10713
300 7.39x10713 | 3.17x1072! | 7.39x10"13
310 5.66x10713 | 5.53x1072! | 5.66x10~13
320 4.42x10713 | 9.37x1072' | 4.42x10713
330 3.51x10713 | 1.55%10720 | 3.51x10~ 13
350 2.31x10713 | 3.93x10720 | 2.31x10° 13
375 1481071 | 1.13x10719 | 1.48x 10713
400 1.01x107 | 2.92%x1071 | 1.01x 10713
425 7.25%x107 | 6.95x107° | 7.25x10~4
450 547x1071 | 1.54x 1078 | 5.47x10~™
A75 4.30x10~ | 3.18x10718 | 4.30x 10~
500 3.49x 10714 | 6.24x10718 | 3.49%x 10~
550 2.50x10714 | 2.07x10717 | 2.51x 10~
600 1.99x107 ™ | 5.84x1077 | 1.99x 104
650 1.72x107™ | 1.45%x10710 | 1.74x 1014
700 1.63x107™ | 3.22x10716 | 1.66x10714
750 1.67x107™ | 6.55x10716 | 1.74x 1014
800 1.85x107™ | 1.24x10715 | 1.98x 1014
850 2.18x1071 | 2.19x1071% | 2.40x 10~
900 2.67x10714 | 3.68x107"° | 3.03x10~™
1000 4.24x1071% 1 9.11x107'® | 5.15x 10~
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Table S16: Relative energies (AE) including ZPE in kcal mol® for all the species with respect
to the isolated reactants at the CCSD(T)/CBS level of theory in the presence of (H2O)s as
a catalyst.

Species | AE
CI-CO | -1.48
PClunear | -121.43
RCeat -13.42

TS1cat -0.74
TS2.0t -3.21
TS3cat 3.54

PC.a -128.84
Product | -119.22
CI-WD | -11.84
WD-CO | - 1.84

522



6e—0TX9TT  gOTXTI0'8 ¢z OTXLED ¢z 0TX9E6 | 6e—0TXOTT  gOTXTIO'8 3z OTX¥89 g7 0TXTLS | e—0TX9TT  gOTXTIO'8 3z OTXLV'T 57 0TXLOT 000T
6e—0IX0T'T  gOIXE0F 3z 0TXCO'T  g-0IXTI'6 | ge—O0TXOT'T  gOIXE0FT  3z-0IX¥T9 gz OIX6V'T | ge—OIXOT'T  gOIXE0V  4g-0IX06C ¢z OIXIV'6 006
6e—0IXFO T gOTX89T 1z 0TX9ET ¢z 0TX60°6 | ge—O0IXVO'T  gOIX89T 1z 0IX86'S gz OIXL0T | ge—O0IXPOT  gOIX89C g 0IX8ET ¢z 0IXER' 0g8
07-HE6'6 gOTXO0LT 5z 0TX06'T ¢z—OTXET'6 | OV-HE66 QOTXO0LT  5z-0TX9L'G ¢z OTXTI0€ | OV-HE66 gOTXO0LT 5z 0TXE€0L  ¢z—0TX0E'8 008
0V-a79°6 SOTXTOT  $z-0IXZ8C ¢z—0IXLT6 | OV-HV96 QOTXTOT  5z-0TX89'G ¢z OIX89F | OF-AF96 SOTXTOT ¢z O0IXTTT ¢z OIXEYL 052
0V-H99°6 LOTXTOG 1z OIX9PF o OIXVPS6 |  OP-HIS6 LOIXTIOE 5z OIXSH'S ¢z 0TXE82L |  0F-H99°6 LOTXT9G g OIX0ET ¢z OTX6EL 00L
0V-HTL6 LOTXTRE 5z 0TX0LL 57— 0TX00'T | OF-HIL6 JOTXTT 5z OTXLE'S 4z OTXEV'T | OF-HIL6 LOTXTRE 7 OTX88F ¢z 0TXZO'L 099
6e—0TXTOT  ,0TX8TT ¢z OIX8F'T 3z OTXLOT | e—0TXZOT  ,0IX8CT 3z 0TXLEG 5z 0IXG6T | 6e—O0TXZOT  ,0IX8TT gz OTX6LT ¢z OTXIL'O 009
6e—0IXTTT  gOIXLEF gz 0TX9Z'E€ g OIX6L'T | e OIXCI'T  gOIXLET g OIXLF'G 1z 0IX90°L | ge—OIXCL'T  gOIXLET gz OIXLV'E ¢z OIX6V9 055
6e—0IX0E'T  gOTX09'T ¢z 0IX8G'8  pg_OTXLET | ge—0IX0ET  gOIX09T  pg_OTXELS ¢z 0IXG0T | ge—0TX0ET  OIX09'T  1z—0TX8TT  ¢z_0IX9€'9 00
6e—0TXGF'T  OTX8T'8 7z 0IXTGT 3z 0TX0ST | ge—OTXGH'T  gOTX8T'8 3z 0TXG6'G 7 0IXTYE | e OTXGH'T  cOIX8T8 15 0TXGLT ¢z OTXGE9Q oLy
6e—0IXGOT  GOIXBB6'E 7z O0TX88'C g 0IX99T | e 0TXGOT  OIX66'E€  pg-0IXVT9 gz OIXLIL | g 0IXGOT  OIXB6'€  1z-0IX9F'9 ¢z OTX6E9 0S¥
6e—0IXE6 T  OTXOLT 7z 0IXT6'C  pg—0TX68T | ge—0IXE6'T  OIXOLT  pz_0IX¥99 7z OIX8YT | ge—O0IXEET  OTXILT  z—0TX69T  ¢z_0IX8Y'9 447
6e—0TXEET  $0TX00°L  1z-OIXPET 37 0TX0CT | 6e—O0TXEET  $0TX00°L 3z O0TX6T'L gz OTXTITT | e OTXEET  H0IX00L  z-0TXTOC  ¢z—OTXEYQ 00¥
6e—0IXG6'T  L0IXOVT 17 OIXEV'E  1g-0IX¥IT | 6e-0IXG6C  $0IXIVT 1z 0IXG6L 17 OIXETT | g 0IXG6C  $0IXIV'C  -OIXPLT ¢z 0IX689 GLE
6e—0IXTHE  gOIXFFL  z_OIXTIOT  g_0TXLTE | 6e—0IXT6E€  gOIXFFL 1z 0IXE06 17— 0IXGYE | ge_0IXT6'E€  OIXPVL  r_O0IXVTL g OIXLEL 0g€
6e—O0TXPT'S  OTXIST  z-0TX0LT  3z-0TXT0F | ge—OTXPT'G  ¢OTXIGT gz 0TXTOT  g—OTX90'T | e—OTXPT'G  ¢OIXIGT  gr-0TX99C ¢z OTX0LL 0g€
6e—0IX009  gOIXSET (7 0TXG9T g OIXIET | 6e-01X009  ¢OIXSET g OIXOT'T g OIXIBT | ge—0IX009  OTX8ET  gr-OIXFF'G ¢z 0TX86'L 0ze
6e—0IX80°L  Z0TXTEL  z—OTX0E8 g OIXIT'G | e 0IX80L  0IXTEL gz OIX6TT g 0IX9G'E | ge_OIXBOL  OTXCEL  ,1-OTXLT'T ¢z 0IX0E'8 o1€
6e—0TX6F'8  Z0TXTL'E  gr-O0TXPGT 37 0TXG8C | e OTX6V'8  Z0TXTL'E gz 0TX0ET (g OTX¥6'9 | e OTX6V'8  0TXCLE ;1 0TXEIT ¢z 0TX89'8 00€
6e—0TXT88  Z0TXETE  r_O0IXGLT  37-0TXT09 | e-0TXT8'8  Z0IXET'E gz OIXEET (g OIXLEL | e—O0TXT88  0IXETE  ,1_0IXTL'E  ¢z_0TX9L8 86¢
ge—0IXE0T  Z0TXO08T  r-0IXB6C pg—0TX8L'O | ge OIXE0T  ZO0IX08T gz OIXEV'T - OIXTH'T | g OIXED'T  OTX08T  ,;-0IX68'9 ¢z OIXEL'6 06T
ge—O0IX8TT  [0IX8T'8  r_0IXIT9 g 0TXG6'L | ge—0IX8TT  [0IX8T'8  gg_OIX6GT _0IXG0'E | ge—0IX8TT  [0IX8T'8  o;_0IX09T ¢z 01XLY6 08¢
ge—OTXVET  (0TXVOL  1-0IXB0L  3z-0TXTC'8 | ge—OTXVET  [0IXPOL gz 0IXEDT 47 0IX8L'E | ge OIXPET  [OIXPOL  or-OTXGET ¢z OTX8L'6 8L¢
ge—OIXPRT  [OIXIET g OTX86'T g OTXVOT | g OTXPRT  (OIXIET gz OIXIET g OIXSOT | g OTX¥8T  (OIXIET ;- OIXLV'L 37 0TXLO'T gozT
ge—0IX9T'T  [OIXEET g OIX6TE€ g OTXLL'T | ge-OIX9T'C  [OIXEET  gg_0TXL0T gr—OIX98T | ge_0OIX9T'T  (OIXEET  ¢r_OIXSH'T 3z OIXZI'T 65T
2e—0TX6LT raee g1-0TX0V'L gz OTXTV'T | ge OTX6LT 4o ez—-0TX9ET  gr-OIXEVV | g 0TX6LT raege ¢1-0TX0T¥  3z-0TX0C'T 0S¢
ge—0IX6VF 0r'T 21-0IX0€'E gz 0IX00C | ge—OIX6VF or'1 ee—0IXT0'E  ,1-O0IX6LC | gg-OIX6VF 0r'1 p1-0IXG6'T 7 OTX6ET 6T
ge—0IXL9'9  [_0TXZ6T or-OIXCT'T  ¢z—0TX69T | ge—01XL99 [_OIXT6T gg—OTXELE ,;_OIX60'8 | ge—0TXLO9 [ 0IXZ6T g-0IXOP'T 3z OTXLG'T Ve
ge—0IXTL'8  [_0TXEST  ¢r_OIXPOC  gg—OTXOL'E | ge—OIXZI'8 [_OIXEST gz OIXETF  r_OIXEST | ge—OTXTL'8 [_O0IXESGT ¢_OIX8L'E 3z 0TXLY'T 612
ge—O0IXLT'6  [—0TXZOT gr-OTXL6C gg-OIX6EE | g OIXLI'6 [_OIXZOT g OIXIF¥Y o;-OIX8CT | ge-OIXLI'6 -OTXCOT gr-OTXLT'S 3z OTXELT 912
26-O0IXFOT 7 OTXLL'O  o; OIXGEY  ¢p OTXTLE | ;¢ OIXPOT o OIXLLO ¢z OTXZLY  o; OIXEV'E | ,e OIXPOT 7 OTXLL9 ¢ 0IXZY'8 3z OTX08'T €12
" uny ghay Thay " Tumny ghay Tbay " uny zhay Tbaxy (51) duray,
D HIVd g HLVd V HIVd

MOOFT-€1¢ Jo o8uel amjeradurs) oY)
urgim 1S J, 03 sSpuodseriod [puuryd pozATRIRD NAONEV 10§ ATo@m z—o[noarow @Eov Un B JURISUOD 9YRI TR[MDA[OULI], LTS O[RL

S23



6e—0TXTT'9  GOTX6S'E  z—O0TXLE'Y  ¢z—0TX9E6 | ge—OTXTIT'O OIX68'E  1z—0TXT89  z—0TXTL'S | e—OTXIT'9  (OIX68'E g O0TXLF'T 1z—0TXLO'T 0001
6e—0IXT0'9  ¢0IX0TE  5g—0IXGOT gz—O0IXTT'6 | ge—0IXI0'9 ¢OIX0TT 1g—0IX¥T9 ¢g—OIX6V'T | 6e—0IXI0'9 (OIX0GT 1g—0IX06'C ¢z—OIXIV'6 006
6e—0TX0T'9  GOTX8ST  g_0TX9ET  gz—0TX60'6 | ge—OTXOT'9 GOIXSGT  1z—0IX86'G ¢g—0TXL0T | ge—0TX0T'9 GOTXSST  1z—OTXSET ¢z 0OTXES'S 098
6e—0TXEE9  OTX60T  1g—0TX06'T ¢z—OTXET'6 | ge—OTXEE'D OIX60'T  3z—0TXIL'C  z—OTXTO'E | e—O0TXEE'9  (OTX60T g—0TXE0'L ¢z—OTX0E'S 008
6e—0TXGL'O  GOTX60'L 1g—0IXT8G gz—O0TXLG'6 | ge—0TXGL'O  gOIX60'L 1g—0IX8G'G ¢g—OTX89F | e 0TXGL'O  GOIX60'L gz—0IXTTT ¢z—0TXGY'L 082
6e—O0TXEV'L  GOTX9ET  1g_0IX9FT gz OTXFL6 | e OTXEFL  gOTXOET  1g_OIXCGH'G g OTXTYL | o OTXEFL GOTX9ET ¢z OTXO0ET gz OTX6EL 002
6e—0TXEG'S  OTX6V'G  1g—0TX0L'L  3z—0TX00'T | ge—OTXES'S OIX6F'T  1z—0TXLE'S  1g—OTXEV'T | e—0TXEG'S  GOTX6V'G ¢z—OTX88F  ¢z—0TXT0'L 059
ge—0TXVO'T  GOTXO0ET  gz—OIXSF'T  3z—OTXL0T | ge—OTXPOT  gOIXO0ET 5g—0TXLE'G 3g—0IXG6'C | ge—OTXPO'T  gOIXO0ET  gz—OTX6T'T  ¢z—OTXIL'Y 009
ge—0TXGET  ,0TX00'9  ¢z—0TX9Z'E  z—OTX6T'T | ge—OTXGET  ,0TX00°9  1g—0TXLF'G  1z—0TX90'L | ge—O0TXGET  ,0TX00'9 gz—OTXLF'E  ¢z—0TX6V'9 05
ge—O0TXT6'T  ,0TXSET  ¢z—0TX8G'S 1z OTXLET | g OTXP6'T ,0TX8ET  1z—O0TXEL'C ¢z 0TXG0'G | ge—OTXFE'T ,0TX8EG  1z—0TXSTT  ¢z_0TX9E9 00
ge—O0TXVP'G  L0TXOFT  £g—0IXGET  3g—0TX0C'T | ge—OIX¥FE  ,0IXOF'T  1g—0IXG6'S ¢g—O0IXTYE | ge—O0IXPFE ,0IXOP'T  g—0IXGL'G  ¢z—0TXCE'Y oLy
ge—0TX8T'E  g0TXO0LL  £z—0TX88C  1z—0TX99'T | ge—OTXST'E  OIXOLL  3z—0IXVT9 gz—O0TXLYL | ge—OIXST'E  gOIXO0LL 1g—0TX9F'9  ¢z—0TX6E9 0S¥
ge—OTXVET  GOIXLE'E £g—0IXG6'C  3z—O0IX68'T | go—OIXVET  gOIXLE'E  5g—0IXV99  7z_OTX8YT | ge OIXVET  OIXLE'E  g—0IX69'T  ¢z—OIXST'9 47
ge—0TXLT9  GOTXS88'T  1p—OIXVET  1z—0TX08T | ge—0TXLTO gOIXS8'T  1g—OIX6TL zg—OIXTTF | ge-0TXLT'9 GOIXSST z—0IXT0'E ¢z—0TXEY'Y 00%
ge—0TXL9'6  ¢0TX80'8  [z—0TXTV'E 17— 0TXVIT | ge—0TXLI6 OIX80'8  1z—0TXG6L 1z—OTXET'T | ge—0TXL96 cOTX80'8 g —OTXPLT ¢z—0TX689 qLE
16-0TXT9T  OIXB0'E  g—OIXIOT 5g—0IXLZ'E | ,6—0IXTYT OIX80'E  3z—0IXE06  1g—0IXGYE | ,e—0IXTIT OIXS0'E 4 _OIXFGL z—0IXLTL 0ge
16-0TX29C  OIXSTT  g—0TX0LG  pg—0IXG0F | ,6-0TXT9T  OIXSET gz—0TXTOT  g—0IX90'T | ,g—0TXT9T OIXSTT -0IX99C ¢z OTXOLL 0ge
16—0IXTV'E  0TXE6L  g—0TXGOT  g_0TXIGT | e OTXPF'E  OTXT6L gg—OTXOT'T  g—OTXTI6'T | ,e—O0TXFV'E  0TXT6L g —O0TXFF'S  ¢z—0TX86'L 03¢
16-0TX097  $0IXGLT  gg—0TX0E'8  5g—0IXIT'S | ,o—0IX09F ;O0IXGLF gz O0IX6T'T g—0IX9S'E | ,—0TX09F OIXGLFT ,—OIXLT'T  ¢z—OTX0E'8 01€
16-0TX0€9  (0TX9LT  r-OTXPST  5z—0TXGR'G | ,o-0TX0E8'9  (0TX9LT gz 0TX0ET  z—OIX¥6'9 | ,—0TX08'9 OIXILG ,;—0IXEYT ¢z 0TX89'8 00€
16—0TXBL9  0TX9V'E  —O0TXCLT  g—0TXT0'9 | ,g—0TXTL'O OTXIV'T gz OTXEET (g—OTXL6'L | ,e—0TXTL'9 H0TX9V'G  , —0TXTT'E  ¢z—0TX9L'S 86%
16-0TXG8'8  [OIXFCT  r_0IX66'C pg—0TX8L'Y | ;o 0IXG8'8  OIXFST ¢z OIXEF'T  —OIXGF'T | ,—0TXS8'S OIXFST ,;—0IX63'9 z—OIXEL'6 065
0g—0TX8T'T  ¢0TXST'S  r_OIXIT9 1z 0TXSE'L | gp—OTXSTT ¢OIXGT'S  ¢z—0IX6ST g —0TXGO'E | gg—0TXSTT ¢OIXSE'S or—0TX09'T  ¢z—0TXLY'6 08%
0g—0TX8ET  (0TXGZL  -0TX60'L 7—0TXTT'S | ge—OTXS8E'T  OIXGTL gz OTXEIT  —_OTX8S'E | ge—0TX8E'T  ¢OTXSTL o;—0TXGE'T ¢z_OTX8L'6 8L%
0g—0TX9E'G  ¢OTXL6'G g—0IX86'T gz OIXFOT | ge—0TX9EC ¢OIXLET gz—OIXI6T g —0TXSO'T | gg—0IX9ET ¢OIXL6'T or—O0TXLFL 5g—0IXL0'T 9z
0g—0TX60'E  gOTXTIET g—0TX6T'E gz OTXLT'T | ge—0TX60'E ¢OIXTE'T  ¢z—0TXL0G gr-OTX9S'T | ge_0TX60'E ¢OIXIET or—OTXCGHT 5p—0TXGT'T 622
0g—0TX9LT  0TXEV'6 g —0TXO0V'L ¢z OTXTF'T | gg_OTXOLT OIXEF'6 z—0TX9IET gr—OTXEVT | ge—0TX9LF  OIXEV'6 ¢ —0TX0TF  1z—0TX0T'T 05
ce—0TX90'T  Z0TX6SC  ,1—0IX0E'E gz—0IX00T | gg—0TX90'T Z0IX69C gz—0IXZO'E ,1—0TX6T'C | ¢g—0IX90'T 0IX69C 5;—0IXG6'C 5g—0IX6E'T geT
cg—0TXG0'G  [0TX86'S or—OTXGI'T gz 0TX69C | gg—0TXC0G [0TX86'S ¢z_OIXELE  ,1_0TX60'S | ge—0TXG0C [0TXS6'S ¢r_OTXOF'T 5z 0TXLGT jgdd
ce—0TXF8G  [0TX9E'G o _0TXFOG ¢z—OTXOT'E | gg—OTX¥8C (0TX9E'S ¢z OTXETT o;—O0TXEST | ¢e_O0TXF8T [OTX9E'S ¢ _OTXST'E  1z_0TXLI'T 61
ce—OTX8V'E  [0TX68'E  o1—0IXL6'G gz—OIX6E'E | go—OIXSF'E [0IX68'E gz OIXIFT o—0IX8ET | ¢g—OIXSF'E  [0TX68'E g —0TXLT'C g_OIXELT 91z
cg—0IX6CF  [0TX6LG  o;—0TXSEF ¢z OTXTLE | gg—0TX6TT  [0IX6LT  gz—0IXTLTY  ;—O0IXEV'E | ¢e—0IX63F [0IX6LT ¢ —01XTS'8  ,z—0IX08'T £1g
W Tuny gboy Thox " Tuny gboy Thox| " uny| gboy Ty (51) duag,
O HLVd g HLvd V HLVd

MOOFT-C1 Jo o8uel ainjeroduwo) oY)
urym gGQJ, 03 Spuodsalion [puueyd pazATejyed ¢(()eH) 10§ ATo@m 7 O[Io[OW @Eov ur B JURISTOD 0YRI TR[NOO[OULID], QTS O[(RL,



5-0TXZGL  ,0TXBLY ¢z OTXLEY ¢z OTX9E6 | 13- 0TXCGL  L0IX6LT 3z OTXFRY gz 0TXTL'8 | 13-0TXCGL  ,0TX6LT 3z OTXLF'T 457 0TXLO'T 000T
w—0IX6T'G  LOIXI6T  3g-0IXZ0T ¢z OIXEI'6 | - 0IX6L'G  LOIXIET 1z OIX¥E9 g OIX6F'T | 1 0IX6T°G  ,0IXIBT 3z 0IX06C ¢z OIXIV6 006
w=0IX8CF  LOIXITT g 0IX9ET ¢z 0IX60'6 | 13— 0TX8TF  LO0IXIT'T 1z 0IX86'C gz 0IXL0T | 15-0IX8CF  ,O0IXITT 3z OIX8ET ¢z 0IXEYS 0g8
1—0TXZGE  G0TXE09 5z 0TX06'T ¢z OTXET6 | 15-0TXTIE  GOTXE0Y 5z 0TXOL'G ¢z OTXTOE | 15_0TXTIE  oOTXEDY 5z O0TXE0L ¢z OTX0E'Q 008
15-0IXL8T  g0IXTO'E  3z-0TXT8CT ¢z OTXLT6 | 13- 0IXL8T  o0IXTOE  3z-0IX8G'G ¢z OIX89T | 13_0IXL8C  OIXTOE ¢z O0IXTTT gz OIXCYL 052
w—0IXVET  gOIXLET g 0IXOPF ¢z OIXPG6 | - 0IXFET  GOIXLET 1z OIXCP'S gz OTXT8L | 1p-O0IXPET  gOIXLET ¢z OIX0EE ¢z OTXEEL 00L
—0TX68'T  OTXEGE g 0TXO0LL  3z—0IX00T | 1p—0TX68'T  OTXES'S  1g—OIXLES 3z OIXEFT | 15_0IX68T  cOIXELS ¢z OIX88F ¢z 0IXTOL 09
15-0IXEGT  GOIXTI6T gz OTXSP'T 5z O0TXLOT | 13- 0IXEGT  GOIXTIET 5z OTXLE'G 5z 0IXG6T | 1p-0IXEGT  GOTXIBT 7z OTX6L'T gz OIXILD 009
w—0IXETT  OIXCGF'S g 0IX9TE 3z OIX6TT | - 0TXELT  LOIXGH'S 1z OIXLP'G 7 0TX90L | 15— 0IXELT  0IXSGP'S 7z OIXLV'E ¢z OIXEV'9 055
ep—0TX¥86  LOIXITT ¢z OIX8G'8 g OTXLET | g5 O0IXFR6  p0IXITT  3g_OIXELG  gz—0TXG0T | gp—OIX¥86  $0IXITT  15_0IX8TT ¢z 0IX9E'9 00
ep—0TXZ8'8  ¢0IXGO'S 7z OTXTET 5z 0TX0ST | 75— 0IXE88  ¢0IXG0'G 3z 0IXG6'S ¢z OTXT8E | gp_0IXTYE  (OTXG0G 17 0TXGLT ¢z OIXGED oLy
er—0IX06'L  gOIXIBT 7z OIX88T 1z 0IX99T | 75 O0IX06'L  gOIXIET 3z OIXVE9 gz OIXLOL | 75— 0IX06'L  ¢OIXIBT 17 0IX9V9 ¢z OTXEE9D 0S¥
ep—0TX80'L  LOIXLF'O 77— 0IXTES 3z OTX68T | 75— 0IX80°L  Z0TXLF'O 1z 0IX¥99 7z OTX8IT | £ 0IX80°L  0IXLF'9  (z_0IX69'T ¢z OTX8F'9 447
ep—0TXGE'9  ZO0IXTI6T 1z OTXVET 5z 0TX0TT | zp—0TXGE9  ZOIXTIET 3z OTX6T'L gz OIXITT | gp_0IXGE9  LOIXIBT  z_0TXT0'G  ¢z—OTXED9 00¥
er—OTXTIL'G  (OTXLLY 17— OIXTV'E 3z OIXVOC | gp-OIXIL'G  (OIXLLT 3z 0IXG6L 1z OIXELT | g5 OIXILG  [O0IXLLT g -OIXPLT ¢z 0IX68°9 GLE
ep—0TXGT'G 6.6 02—0IXTOT 3z 0TXLTE | £ 0IXGT'G 6.6 pe—0IXE0'6  17-0TXG9E€ | 75— OIXGT'G 6.6 61-0IXFE'L ¢z OTXLT'L 0g€
zp—0TXGLY 1€°C 06—0TX0L'T  $z-0TXZ0V | gp—OTXGLY 1€°C ez—0TXZ0T  z—0TX90'T | zp—0TXGLT 1€°C g1—0TX99°C ¢z 0TXO0L'L 0g€
zp—0TX9G'¥ co'1 06-0TXS9F 5z O0IXIGT | £p—0IX9GF q0'T ez—0TXOT'T  z—OIXTI6T | £p—0TX9G¥ G0'1 g1—OIXFI'G ¢z OTX86'L 0ze
er—0TX6ET  [_OIXVST  z—0IX0E'8 3z OIXITG | g5 0IX6ET [_O0TXVST gz OIXBLT  z—0IX9GE | zp_OIX6ET  (_OIXFGF 1 OIXLT'T ¢z 0IX0E'8 o1€
ep—0TXTTF  [_OIXG8T  r_OIXPGT 5 0IXE8'G | 75 0IXTEF  [_0TXG8T gz 0IX0ET  z—O0IX¥6'9 | gp—0IXTTH [(_OIXGRT ,1_0IXEIT ¢z—0IX89'8 00€
ep—O0IXBTT  _0IXEST  4r_0TXGLT  5z-0TXT0°9 | zp—OIXBTF [_0IXEGT 7 OTXEET g OIXLEL | gp—OIX6TF [_OTXEGT ,7-0TXTL'E  gz—OIX9LQ 86¢
ep—0IXL0F 7 OIX80L  ;-0IX66C 3z 0IX8LY | 75 O0IXL0F 7 OIX80L gz OIXEVT g_O0IXTHT | g5 0IXL0F 7 OIX80'L ,1_0IX629 ¢z OIXET6 06T
er—0TXE6'E 7 OIXEST  r-OIXIT'O 3z OIXG6L | gp—OIXEE'E 7 0TXEST  gzOIXBST  r_0TXGOE | gp_OIXEE'E  7_0IXEST  o_0IX09T ¢z 0TXLI6 08¢
zp—0IX06'€ - O0IXV0T 1-0TX60L $z-0TXTT'8 | 73— 0IX06'€ 7 OIXVOC 7 OIXEYT r_OIX8GE | 75 0IX06'€ 7 OIXVOT or-OTXGE6'T ¢z OIX8L6 8L¢
er—OTXEL'E ¢ OIXLOT g OIXS6T gz OIXVOT | gp-OIXELE ¢ OIXLIT g OIXI6T gr-0IX80T | £ OIXELE ¢ OIXL9F o OIXLVL 3z 0IXL0T gozT
ep—0TXGOE ¢ 0IXGTT gr-O0IX6TE gz OIXLTT | zp—0IXG9E ¢ 0TXSTT ¢z-0IXL0C gr—0TX98T | £5_0IXG9€ ¢ _OIXSGTT g—O0IXSFT 1z OIXTIT 65T
zp—0TXGG'E 5 0IXE0L gr-OTXO0V'L gz OTXIF'T | z5-0TXGGE 3 0IXE0L ¢z 0TX9ET  gr-OTXEVT | zp—0IXGGE€ 3 0IXE0L ¢r-0IX0CF 57— 0TX0T'T 0S¢
er—0TX6E'E ¢ 0IX82'8  ,; O0IX0E'E ¢z 0IX00C | gp-OIX6EE ¢ 0IX8T'8 g7 0IXCOE  ,1-0IX6LT | £ 0IXBEE ¢ OIX8E'8 37 0IXG6C 1z OIX6ET 6T
ep—0TX8T'E ¢ OIXPF'T  r-OIXTLT gz 0IX69C | zp—0IX8TE g OTXFFT gz OIXELE ,1_0IX60'8 | z5_0IX8Z'E ¢ OIXFPT  g_O0IXOF'T 1z OIXLGT Ve
wp—0IXVT'E o 0IX0T'9 o O0TXV0T gz OTXOT'E | zp-OIXVTE o OTX0T'9 ¢z OTXETT  or_OTXEGT | zp—O0IXVTE ¢ 0IX0T'9 ¢ OIX8T'E 57 0TXLO'T 61¢
er—0IXITE 9 0IX8G'E  g; OIXLET gz OIX6EE | gp-OIXICE o 0IX8YE g7 OIXIFT ;- 0IX8TT | £ 0IXITE o O0IX8GE g OIXLT'G 1z OIXELT 912
ep—O0TX8T'E 9 0IXL0C ;- OIXSEF ¢z OIXCTLE | 75 OIX8T'E o 0TXL0T ¢z OIXELY o1 OIXEV'E | 25 OIX8T'E o 0IXL0T ¢ 0IXZS8 3 OIX08T €12
" uny ghay Thay " Tumny ghay Tbay " uny zhay Tbaxy (51) duray,
D HIVd g HLVd V HIVd

MOOFT-€1¢ Jo o8uel amjeradurs) oY)
urgim @G 1, 03 spuodseriod [puuryd pozATRIRD NAONEV 10§ ATo@m z—o[noarow @Eov Ur B JURISUOD 0JRI IR[MDA[OUWLI], ‘G1S O[RL

S25



Table S20: Concentrations of HyO and (H50), in molecules cm ™2, k; in cm® molecule™ sec

and k.ss in cm® molecule! sec! at higher altitude.

-1

Altitude (km) | Temp (K) | [H2O] [(H20)2] kM kv D ke kD

5 259 2.40x 1010 2.70x 1012 7.88x10~ 2 1.06x10—3° 5.67x 10~ 20 8.57x10 23
10 229 4.90x10'° 2.30x 101! 3.67x10742 3.09x10736 5.39x10726 2.13x10~24
15 212 2.00x1013 6.30% 106 1.63x10~42 8.85x10 37 9.78x10~ 29 1.67x10~2°

Table S21: Absolute energies in

2X /aug-cc-pVTZ level of theory.

Hatree for the uncatalyzed channel optimized at MOG-

CCSD(T)-F12/cc-pVTZ

Species CCSD(T)/aug-cc-pVDZ | CCSD(T)-aug-cc-pVTZ | CCSD(T)/aug-cc-pVQZ

CI -189.1688643 -189.3306171 -189.3791775 -189.3927083015
CcO -113.0725861 -113.161723 -113.1901287 -113.198651758
TS1yncat | -302.2281981 -302.4798976 -302.5563883 -302.5782708535
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