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Table SI-1: Entropies and Gibbs free energies of the most important configurations, relative
to O3 (H20),, and SOg at T = 298.15 K. Units are J/mol-K and kJ/mol. See also Fig. 3 in
the main article.

n 0;50,W, TSuense TS are SO; 0sW,,  SO; W,+0,
AS AG AS AG AS AG AS AG AS AG
1440 868 -139.7 -59.3 -139.7 593 -160.7 -241.6 -154 -216.7
-159.0 -59.9 -157.5 -37.8 -164.2 -31.0 -179.1 -211.5 -26.2 -196.5
-152.5 -50.1 -143.9 -33.6 -146.0 -30.0 -167.8 -200.2 -5.3 -194.0
-175.0 -42.1 -169.3 -17.6 -105.0 -25.7 -110.9 -192.2 33.3 -191.0
-211.0 -40.5 -200.8 -14.2 -112.6 -18.8 -220.1 -183.9 -68.3 -182.6
1565 342 -146.7 86 721 7.9 -160.3 -175.3 587 -173.7
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Figure SI-1: Structures of the most stable SO; (H30),, clusters. Structurally, these are
similar to the O2SO3 (H20),, complexes shown in Fig. 7 in the main article. Sulfur (yellow),
oxygen (red), hydrogen (white).



Table SI-2: T1 and D1 diagnostics and free electronic energies of the single point ccsp(T)-
F12 calculations in kJ/mol. RC denotes reactant complexes and TS denotes transition states.
CAM-B3LYP free energies are included in paranthesis for comparison.

System Config. T1 D1 E_(Eo;Wn‘ESOz)
SO205 RC 0.0345 0.163 -126.50 (-135.60)

TS 0.0348 0.132  -116.67 (-102.40)
S0205 H20O RC 0.0325 0.171  -105.27 (-113.63)

TSgense 0-0325  0.141  -101.16 (-86.73)
TSrare  0.0327 0.140  -97.10 (-81.43)
SO205 (H20)2  RC 0.0302 0.170  -97.35 (-102.37)
TSgense 0-0299  0.139  -91.46 (-77.97)
TSrare  0.0299 0.138  -91.04 (-74.47)

Table SI-3: Harmonic prefactors, entropy and Gibbs free energies of the ”"loose” and ”tight”
transition states at standard conditions. There seems to be no apparent reason for the large
prefactor for the "loose” n=4 complex. Units are cm~! and kJ/mol.

Loose TS Tight TS
0 13.6 1.3 27.6 13.6 1.3 27.6
1 13.4 -1.5 28.9 13.4 0.5 22.1
2 13.5 1.9 20.1 13.8 2.6 16.6
3 13.9 20.9 16.5 13.7 1.7 24.5
4 15.0 29.3 21.7 14.0 3.0 26.3
) 13.8 25.2 26.3 13.9 2.9 25.6

Table SI-4: Total reaction rate constants and half lives of the SO205 (H20),, clusters.

n  Rate constant (s=1) Half life (ps)
0 5.83x10% 1189
1 3.74x10° 186
2 8.47x101° 8,2
3 1.15x 101 6,0
4 1.45% 101! 4,8
5 4.27x10° 162




Table SI-5: Frequencies (cm™!) for the most stable SO203 (H20),, clusters, shown in Fig. 2
in the main article.

n=0 n=1 n=2 n=3 n=4 n=>5
50 29 11 43 40 30
64 48 41 55 58 32
171 61 55 63 65 48
235 105 73 75 71 56
336 161 94 86 81 62
463 190 128 121 87 72
525 266 169 150 101 79
622 322 185 155 136 86
843 353 194 181 159 104
1083 383 259 185 167 136
1182 489 344 202 188 141
1236 540 364 207 197 171
620 412 265 228 181

664 434 360 236 194

828 459 451 247 202

1070 524 454 255 229

1152 538 478 339 240

1246 629 511 438 253

1694 688 543 460 279

3740 746 578 488 340

3767 829 596 496 345

1072 635 521 395

1164 661 561 437

1269 722 593 457

1678 742 618 475

1696 839 629 501

3621 965 651 517

3696 1075 721 547

3750 1159 743 597

3824 1266 811 616

1650 823 628

1678 842 637

1697 1022 692

3559 1083 734

3614 1169 775

3631 1258 820

3675 1687 824

3677 1694 840

3775 1699 1021

1705 1082

3407 1165

3509 1260

3522 1671

3579 1683

3657 1692

3677 1699

3774 1707

3790 3434

3507

3526

3560

3606

3648

3698

3769

3782

3853



Table SI-6: Frequencies (cm~!) for the most stable "tight” transition states, shown in Fig.
4 in the main article.

n=0 n=1 n=2 n=3 n=4 n=>5
i831 i776 i753 1569 i555 i557
23 25 12 26 29 26
79 34 23 46 42 32
123 72 40 54 53 39
308 106 63 78 65 43
390 136 83 86 81 51
448 181 139 118 85 62
509 320 144 149 90 80
663 338 181 160 122 85
1035 401 200 164 158 89
1123 412 235 199 173 125
1411 459 326 203 182 138
520 409 211 195 164

658 419 280 220 187

701 448 365 237 193

1022 493 445 273 208

1094 526 474 273 225

1434 578 488 349 267

1699 646 490 367 272

3719 701 552 428 275

3736 845 562 445 333

1020 582 490 350

1097 598 522 369

1441 667 557 400

1663 767 569 432

1699 782 593 444

3363 950 630 489

3659 1045 667 513

3729 1108 763 542

3897 1508 774 570

1679 820 593

1683 838 638

1705 1025 672

3534 1046 697

3563 1111 775

3594 1511 805

3670 1681 832

3702 1693 849

3743 1702 1022

1704 1046

3344 1107

3434 1511

3532 1674

3579 1681

3607 1691

3654 1697

3727 1705

3878 3356

3475

3494

3574

3577

3600

3688

3716

3855

3879



Table SI-7: Frequencies (cm~1!) for the most stable "loose” transition states, shown in Fig.
6 in the main article.

n=0 n=1 n=2 n=3 n=4 n=>5
i831 i816 i765 i731 i713 i705
23 45 22 16 9 14
79 57 37 24 20 18
123 74 54 34 26 24
308 81 68 43 36 28
390 131 72 52 44 35
448 189 97 67 51 40
509 275 139 70 64 50
663 314 172 91 75 62
1035 411 183 132 78 69
1123 424 246 159 113 82
1411 463 315 165 137 91
525 326 191 155 95

635 378 235 178 137

722 394 268 184 156

1021 430 290 191 168

1121 470 319 210 181

1410 532 359 218 197

1685 638 365 284 228

3530 670 386 307 250

3874 703 427 343 264

1009 475 363 283

1093 532 373 317

1433 622 428 336

1677 636 438 349

1693 664 474 363

3565 693 528 402

3713 1009 536 432

3790 1074 621 461

3882 1461 632 474

1673 655 480

1675 687 528

1690 786 551

3582 1009 609

3617 1076 615

3735 1453 632

3810 1655 677

3881 1667 808

3882 1673 879

1691 1009

3498 1084

3633 1456

3670 1665

3703 1666

3765 1668

3878 1676

3889 1683

3898 3371

3448

3650

3664

3767

3808

3818

3869

3888

3899



Table SI-8: Frequencies (cm~1!) for the configurations into which the "loose” transition states
relax on the reactant side.

n=0 n=1 n=2 n=3 n=4 n=>5
50 39 27 27 28 20
64 60 38 31 35 22
171 70 57 39 39 30
235 104 69 44 44 31
336 152 87 66 53 39
463 174 101 72 74 40
525 267 154 88 s 54
622 338 169 99 84 65
843 375 182 142 99 s
1083 398 279 151 121 85
1182 439 303 170 138 96
1236 542 346 184 162 122
621 354 266 176 141

661 366 285 180 143

828 380 309 199 173

1074 455 326 274 178

1170 554 339 292 185

1254 611 350 297 209

1690 640 356 310 249

3666 649 376 334 275

3819 806 457 354 284

1059 551 357 292

1136 599 382 321

1268 610 439 328

1680 621 456 356

1690 632 504 382

3676 794 545 402

3734 1060 575 458

3809 1129 597 466

3840 1271 622 482

1671 668 551

1674 730 551

1687 809 574

3697 1063 589

3720 1138 616

3762 1260 680

3819 1656 746

3850 1667 797

3853 1678 857

1690 1062

3590 1134

3701 1271

3736 1662

3754 1665

3780 1673

3849 1676

3853 1684

3877 3400

3591

3668

3713

3780

3804

3817

3832

3879

3901



