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Table S1. Classical forward barrier (kcal/mol) and energy of reaction for benchmark study; mean unsigned errors (MUEs, in kcal/mol)

computed based on CCSD(T)/CBS reference data. Single point energies are computed based on M08-HX/MG3S geometries.

R1 R2 R3 R4 R5
Model chemistries Vé  AE  V§ AE Vé  AE  V# AE Vé#  AE MUE
MO8-HX/MG3S 26.00 2428 -457 -2886 2022 21.75 880 -18.69 25.81 -10.72 1.92

MO8-HX/jun-cc-pVTZ  25.83 24.15 -4.73 -28.84 20.12 2133 8.89 -18.38 25.81 -10.48 2.07
MO8-HX/jul-cc-pVTZ  25.75 24.05 -4.67 -28.77 20.17 2143 871 -18.52 2595 -10.39 2.07
MO08-SO/MG3S 2723 2648 -507 -29.17 22.44 2395 10.76 -17.80 26.10 -12.76 1.02
MO08-SO/jun-cc-pVTZ 2696 26.41 -525 -2925 2244 23.86 10.63 -17.73 26.06 -12.79 1.07
MO08-SO/jul-cc-pVTZ  26.84 2630 -525 -29.23 2243 23.82 1051 -17.82 26.16 -12.69 1.08
MPW1K/MG3S 2843 2735 -2.99 -2956 2121 23.61 1025 -17.84 2743 -11.88 1.07
MPWI1K/jun-cc-pVTZ 2828 2722 -3.08 -29.60 21.13 23.49 10.03 -17.86 27.36 -11.81 1.06
MPWI1K/jul-cc-pVTZ 2823 27.19 -3.10 -29.60 21.12 23.48 998 -17.89 27.35 -11.82 1.06
SOGGA11-X/MG3S 28.05 2724 -226 -2871 21.79 2335 12.55 -17.31 2746 -11.59 1.54
SOGGA11-X/jun-cc-pVTZ 27.56 2692 -2.29 -28.78 21.83 2325 11.97 -17.67 27.39 -11.48 148
SOGGAI11-X/jul-cc-pVTZ 27.51 26.86 -2.29 -28.76 21.80 23.24 11.93 -17.70 27.41 -11.47 1.49
MO05/MG3S 28.14 29.04 -2.55 -32.86 2220 24.17 12.13 -19.28 23.39 -13.19 1.39
MO5/jun-cc-pVTZ 27.69 2872 -2.61 -32.96 22.06 23.78 11.96 -19.21 23.55 -12.90 1.40
CCSD(T)/CBS 28.68 27.03 -3.80 -30.92 23.64 24.52 10.04 -20.20 26.02 -12.51 0.00




Table S1. Continued

R1 R2 R3 R4 R5
Model chemistries Vé  AE  V§ AE vé  AE  V# AE Vé#  AE MUE
MO5/jul-cc-pVTZ 27.66 28.70 -2.65 -32.96 22.07 23.84 11.81 -19.29 2348 -12.97 1.38
M05-2X/MG3S 26.59 24.87 -3.01 -30.61 22.46 24.10 10.19 -22.19 2542 -12.35 0.98

MO05-2X/jun-cc-pVTZ  26.57 2493 -3.11 -30.57 2237 24.10 10.06 -22.10 25.09 -12.42 0.99

MO05-2X/jul-cc-pVTZ 2647 24.83 -3.11 -30.56 22.35 24.07 9.97 -22.17 25.17 -1234 1.02

MO6/MG3S 28.65 29.50 -545 -2824 22.75 25.16 11.63 -16.13 22.94 -13.17 1.78

MO6/jun-cc-pVTZ 28.36 2939 -553 -2851 2296 25.04 1135 -16.25 22.84 -13.11 1.71
MO6/jul-cc-pVTZ 2829 2931 -554 -2852 2291 2501 11.28 -16.29 22.88 -13.09 1.69
MO06-2X/MG3S 28.07 27.09 -3.54 -31.36 2335 24.66 11.44 -2032 2421 -12.41 0.52

MO06-2X/jun-cc-pVTZ  27.92 27.08 -3.59 -3127 2342 2476 1130 -20.32 23.87 -12.42 0.55

MO06-2X/jul-cc-pVTZ ~ 27.83 27.01 -3.63 -31.28 2340 24.74 1121 -20.38 23.94 -1236 0.54

M11/MG3S 2937 27.16 -3.78 -29.97 22.77 22.14 13.06 -16.83 2570 -11.46 1.8

M11/jun-cc-pVTZ 29.01 2695 -3.94 -2993 2247 21.67 12.99 -16.53 2539 -11.47 138
M11/jul-cc-pVTZ 28.88 26.78 -3.86 -29.84 22.52 21.75 12.77 -16.71 25.58 -11.36 1.33
MN12-SX/MG3S 27.94 3094 -531 -32.64 23.00 2550 11.56 -18.65 24.56 -13.51 1.50
CCSD(T)/CBS 28.68 27.03 -3.80 -30.92 23.64 24.52 10.04 -20.20 26.02 -12.51 0.00




Table S1. Continued

R1 R2 R3 R4 R5

Model chemistries Ve AE V# AE Vi AE Ve AE Ve AE  MUE

MN12-SX/jun-cc-pVTZ  27.65 30.85 -532 -32.61 22.68 2541 1092 -18.70 24.64 -13.64 1.48
MN12-SX/jul-cc-pVTZ  27.59 30.76 -531 -32.70 22.77 2536 1095 -18.75 24.78 -13.50 1.44
B3LYP/MG3S 30.04 33.28 -4.87 -32.53 19.89 2240 1540 -1522 27.00 -9.52 3.05
B3LYP/jun-cc-pVTZ 29.84 33.14 -5.04 -32.56 19.80 2229 15.09 -15.24 2693 -949 3.02
B3LYP/jul-cc-pVTZ 29.78 33.08 -5.05 -32.54 19.79 2227 15.04 -15.29 2695 -947 3.00
oB97X-D/MG3S 28.80 26.71 -2.48 -28.86 21.86 2227 1291 -17.06 2799 -11.07 1.73
oB97X-D/jun-cc-pVTZ  28.59 26.58 -2.63 -2895 21.74 2224 1239 -17.25 27.96 -1097 1.66
oB97X-D/fjul-cc-pVTZ  28.53 26.54 -2.64 -2894 21.73 2222 1234 -17.27 2797 -1097 1.67
TPSSh/MG3S 26.66 33.67 -9.14 -33.31 1947 2385 9.65 -1697 2473 -11.54 2.71
TPSSh/jun-cc-pVTZ 26.62 33.66 -9.23 -33.31 19.53 23.73 9.64 -16.80 24.71 -11.49 2.75
TPSSh/jul-cc-pVTZ 26.58 33.63 -9.25 -3331 1952 23.72 9.60 -16.83 24.69 -11.51 2.76
HSE06/MG3S 2491 26.70 -4.70 -29.44 17.25 23.76 592 -19.54 2491 -11.50 2.05
HSEO06/jun-cc-pVTZ 2474 2656 -4.84 -2947 17.15 23.66 5.64 -19.58 2485 -11.45 2.15
HSEO06/jul-cc-pVTZ 24.69 2652 -4.85 -2947 17.14 23.65 559 -19.61 2484 -11.45 2.17
CCSD(T)/CBS 28.68 27.03 -3.80 -30.92 23.64 24.52 10.04 -20.20 26.02 -12.51 0.00




Table S1. Continued

R1 R2 R3 R4 R5
Model chemistries Vé  AE V¥ AE V¢ AE  V# AE Vé#  AE  MUE
B97-3/MG3S 28.74 2851 -1.65 -29.61 20.51 23.13 13.10 -17.58 26.79 -10.75 1.77
B97-3/jun-cc-pVTZ 28.44 2829 -1.77 -29.75 20.36 23.08 12.54 -17.89 26.71 -10.65 1.68
B97-3/jul-cc-pVTZ 28.37 2824 -1.77 -29.75 20.34 23.06 12.50 -17.93 26.71 -10.65 1.68
MGGA_ MS2h/MG3S 26.03 2831 -6.23 -28.74 19.71 23.03 724 -16.81 2654 -11.32 2.18
MGGA MS2h/jun-cc-pVTZ 25.88 28.18 -6.36 -28.77 19.62 22.89 6.99 -16.78 26.61 -11.19 2.27
MGGA_MS2h/jul-cc-pVTZ 25.85 28.16 -6.37 -28.77 19.62 22.89 6.97 -16.81 26.61 -1121 2.27
PBEO/MG3S 2507 2648 -4.62 -2935 17.62 23.75 5.76 -19.58 24.90 -11.68 2.02
PBEO/jun-cc-pVTZ 2492 2634 -474 -2937 17.53 23.62 551 -19.59 24.85 -11.61 2.12
PBEO/jul-cc-pVTZ 2486 2630 -4.76 -2937 17.51 23.61 547 -19.62 24.84 -11.62 2.13
tHCTHhyb/MG3S 2697 28.69 -3.48 -29.15 17.86 23.58 9.08 -18.14 2550 -10.47 1.78
tHCTHhyb/jun-cc-pVTZ  26.85 28.63 -3.65 -29.14 17.81 23.49 8.83 -18.08 25.44 -10.44 1.82
tHCTHhyb/jul-cc-pVTZ  26.79 28.58 -3.66 -29.15 17.79 23.47 8.78 -18.12 25.46 -10.43 1.82
MN15-L/MG3S 27.18 2949 -521 -30.72 2235 2337 882 -17.74 2582 -13.11 1.25
MN15-L/jun-cc-pVTZ  26.80 29.19 -5.35 -30.74 22.44 23.64 798 -18.37 2575 -1321 127
CCSD(T)/CBS 28.68 27.03 -3.80 -30.92 23.64 24.52 10.04 -20.20 26.02 -12.51 0.00




Table S1. Continued

R1 R2 R3 R4 R5

Model chemistries Vé  AE V¥ AE vé  AE  V# AE Vé#  AE  MUE
MN15-L/jul-cc-pVTZ  26.45 2891 -533 -30.71 2237 23.49 7.87 -1856 2596 -12.95 125
MN12-L/MG3S 26.81 2935 -582 -31.36 19.51 23.80 587 -18.05 2429 -13.26 2.03
MNI12-L/jun-cc-pVTZ 2628 28.83 -5.74 -31.17 19.76 23.94 533 -18.58 2429 -13.41 1.98
MN12-L/jul-cc-pVTZ  26.16 28.67 -5.68 -31.12 19.82 23.79 542 -18.58 24.43 -1326 1.94
M11-L/MG3S 28.57 32.14 -572 -3495 21.74 22.04 16.04 -16.81 2924 -11.29 2.94
M11-L/jun-cc-pVTZ 27.78 32.01 -6.60 -35.11 20.67 2298 12.65 -18.19 28.65 -12.10 2.50
M11-L/jul-cc-pVTZ 2748 31.62 -643 -35.02 20.88 23.02 12.50 -18.51 28.98 -11.83 2.46
CCSD(T)/CBS 28.68 27.03 -3.80 -30.92 23.64 24.52 10.04 -20.20 26.02 -12.51 0.00




Table S2. Reaction symmetry numbers

forward reverse

RA step 1 12 1
step 2 1 2
RB step 1 1 1
step 2 12 1
step 3 1 2
RC step 1 12 6
step 2 6 2
step 3 1 3
RD step 1 36 9
step 2 9 2




Table S3. MS-T factors for activation at various temperatures for reverse reactions computed at M06-2X/MG3S level.

RA RB RC RD

T/K Stepl Step2 Stepl Step2 Step3 Stepl Step2 Step3 Stepl Step2

298 1.04 079 155 210 145 045 075 1.60 0.64 0.67
300 1.04 079 155 210 146 045 075 1.61 064 0.67
400 1.19 0.75 151 203 170 041 078 185 0.61 0.66
500 134 075 153 195 194 037 083 211 059 0.66
600 147 076 157 187 219 034 088 238 057 0.66
700 158 078 1.62 1.80 243 031 094 267 055 0.67
800 1.67 081 167 173 267 028 1.00 295 053 0.68
%0 1.75 084 1.73 167 290 026 1.07 323 050 0.69
1000 183 087 1.79 161 313 025 1.13 352 048 0.70
1500 208 1.02 208 138 418 0.18 148 483 040 0.78
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Table S4. MS-CVT/SCT rate constants for reverse reactions computed at M06-2X/MG3S level at various temperatures. For bimolecular

. . 3 1 -1 . . . -
reactions, units of rate constants are cm® molecule™ s™'; for unimolecular reactions, units are s

RA RB RC RD

T/K Step 1 Step 2 Step 1 Step 2 Step 3 Step 1 Step 2 Step 3 Step 1 Step 2

298  6.85E-13 1.68E-32 4.14E-09 1.07E-12 1.16E-32 1.27E-10 1.12E-36 1.05E-13 4.20E-08 1.30E-36
300  6.99E-13 2.24E-32 5.63E-09 1.10E-12 1.57E-32 1.22E-10 1.55E-36 1.56E-13 3.92E-08 1.79E-36
400 1.60E-12 1.17E-27 6.60E-04 2.50E-12 1.15E-27 3.91E-11 3.50E-31 4.71E-07 3.84E-09 3.46E-31
500 299E-12 9.35E-25 7.96E-01 4.13E-12 1.17E-24 2.32E-11 7.80E-28 4.03E-03 1.13E-09 6.41E-28
600 4.85E-12 8.78E-23 9.33E+01 5.99E-12 1.30E-22 1.76E-11 1.52E-25 1.72E+00 5.54E-10 1.08E-25
700  7.12E-12  2.40E-21 2.89E+03 8.02E-12 4.00E-21 1.52E-11 7.21E-24 1.39E+02 3.58E-10 4.57E-24
800 9.78E-12 3.02E-20 3.86E+04 1.01E-11 5.57E-20 1.41E-11 1.39E-22 3.84E+03 2.70E-10 7.98E-23
900 1.28E-11 2.25E-19 2.93E+05 1.22E-11 4.49E-19 1.36E-11 1.46E-21 5.16E+04 2.26E-10 7.73E-22
1000 1.61E-11 1.16E-18 1.50E+06 1.43E-11 2.46E-18 1.35E-11 1.00E-20 4.19E+05 2.01E-10 4.93E-21
1500 3.67E-11 2.11E-16 2.16E+08 2.42E-11 5.44E-16 1.50E-11 4.59E-18 2.60E+08 1.79E-10 1.75E-18




Table SS5. Fitting parameters for MS-CVT/SCT rate constants for reverse reactions computed by M06-2X/MG3S.

RA RB RC RD
Step Step -1 Step -2 Step —1 Step -2 Step -3 Step —1 Step -2 Step -3 Step -1 Step -2
AH[, 0 exo endo endo €x0 endo €xo endo endo €x0 endo

molecularity bimol bimol unimol bimol bimol bimol bimol unimol bimol bimol
In 4 -26.2778  -36.7902 223166  -25.4491 -35.8803  -28.8851 -41.7243  22.6021 -28.3338 -41.6634

n 1.5793 4.4048 2.6092 0.8501 4.5664 1.7829 5.6405 3.7341 2.3699 4.9580
Ty 209.4687  95.6600  103.6372  90.7768  100.8294  42.4691  107.2797 97.1944  43.7687  102.6100
E 1.3305 17.9703  20.4886 1.1559 18.5497  -3.0972  20.1734 259176  -5.8223 20.1702

Explanation of table: Rate constants are fitted using the following equations:

E(T+T,
A(L)n exp[- (—+0)] for a reaction that is endothermic (endo) at 0 K
300 R(T?+T3)
k=1 0
T+T; E(T+T,
A(A)” exp[—u] for a reaction that is exothermic (exo) at 0 K
300 RT*+7%)

For bimolecular (bimol) reactions, the units of parameter 4 are cm® molecule™ s'; for unimolecular (unimol) reactions, the unit of 4 is s™. The

parameters Ty and E are in units of K and kcal/mol respectively, and # is unitless.
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Table S6. High-pressure-limit activation energies (kcal/mol) at various temperatures computed based on MS-CVT/SCT rate constants for both

forward (fwd) and reverse (rev) reactions.

RA RB RC RD
step 1 step 2 step 1 step 2 step 3 step 1 step 2 step 3 step 1 step 2
T/K  fwd rev fwd rev. fwd rev fwd rev fwd rev fwd rev fwd rev fwd rev fwd rev fwd rev
298 256 1.7 -3.62 253 243 272 300 19 -322 260 206 -2.8 74 285 237 349 277 -59 34 283
300 257 1.7 -361 254 244 273 300 19 -322 261 206 -28 75 285 237 350 277 -59 34 283
400 272 23 -3.11 264 254 282 313 20 -281 273 218 -24 94 302 238 359 292 -52 50 296
500 28.0 27 264 269 257 284 319 22 -245 279 224 -19 108 31.1 240 362 301 -45 63 303
600 28.6 3.1 -2.2 274 259 285 323 23 -21 284 227 -15 119 31.8 242 364 30.8 -39 74 309
700 292 34 -1.77 279 26.1 286 328 24 -1.77 289 23.1 -1.1 12.8 326 245 366 31.5 -34 84 315
800 298 3.7 -136 284 262 288 334 26 -146 295 234 -07 137 333 248 369 322 -28 93 321
900 304 40 -096 29.0 265 29.0 340 2.7 -1.15 30.1 238 -03 146 341 252 372 330 -23 102 328
1000 31.1 43 -0.57 296 267 292 346 29 -084 307 242 0.1 155 349 255 376 338 -1.8 11.1 335
1500 348 5.7 1.34 332 285 308 383 3.7 062 344 265 19 199 395 273 40.1 383 0.7 155 374




Table S7. MS-T reaction enthalpy (AH ;’)gll\lds'T

, kcal/mol) computed at M06-2X/MG3S level at various temperatures (K).

RA RB RC RD
T/K Step 1 Step 2 Step 1 Step 2 Step 3 Step 1 Step 2 Step 3 Step 1 Step 2
298 244 -29.4 -2.9 28.5 -29.7 24.0 -21.2 -11.9 33.4 -25.2
300 244 -29.4 -2.9 28.5 -29.7 24.0 -21.2 -11.9 33.4 -25.2
400 24.8 -29.4 -2.8 29.2 -30.0 24.0 -20.7 -12.0 33.4 -24.4
500 25.2 -29.4 -2.7 29.8 -30.4 24.1 -20.3 -12.0 335 -23.7
600 25.5 -29.5 -2.6 30.5 -30.9 24.1 -20.0 -12.1 335 -23.1
700 259 -29.7 -2.6 31.2 -31.4 242 -19.7 -12.1 33.6 -22.5
800 26.2 -29.8 -2.5 31.9 -32.0 242 -19.5 -12.2 33.6 -21.9
900 26.6 -30.1 -2.5 32.6 -32.6 242 -19.4 -12.2 33.7 -21.4
1000 26.9 -30.3 2.4 333 -33.2 243 -19.3 -12.2 33.7 -20.9
1500 28.3 -31.6 2.3 36.7 -36.5 243 -19.1 -12.3 33.8 -18.8
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Table S8. MS-T reaction Gibbs free energy (AG;’%[S'T, kcal/mol) computed at M06-2X/MG3S level at various temperatures (K).

RA RB RC RD
/K Step 1 Step 2 Step 1 Step 2 Step 3 Step 1 Step 2 Step 3 Step 1 Step 2
298 25.7 -30.5 2.1 29.6 -30.6 235 -21.0 -10.9 32.2 -24.8
300 25.8 -30.5 2.1 29.6 -30.6 235 -21.0 -10.9 32.2 -24.8
400 26.2 -30.8 -1.8 29.8 -30.9 233 -21.1 -10.6 31.8 -24.8
500 26.5 -31.2 -1.6 30.0 -31.1 23.1 -21.2 -10.2 31.3 -24.9
600 26.7 -31.6 -1.3 30.0 -31.2 22.8 214 -9.8 30.9 -25.2
700 26.8 -31.9 -1.1 29.9 -31.4 22.6 -21.7 -9.4 30.4 -25.4
800 26.9 -32.2 -0.9 29.8 -31.4 224 -22.0 -9.0 30.0 -25.8
900 27.0 -32.5 -0.7 29.7 -31.5 222 -22.3 -8.6 29.5 -26.2
1000 27.0 -32.7 -0.5 294 -31.5 21.9 -22.6 -8.2 29.1 -26.6
1500 26.8 -33.7 0.4 27.8 -30.9 20.8 -24.3 -6.2 26.7 -28.9
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Table S9. Vibrational frequencies (in cm™) and geometric mean frequencies for (SiH3),SiHSiH ™~ and (SiH3),SiHSiH,

| 67.6166 58.8504
2 74.9266 66.5131
3 81.1074 82.1663
4 95.0748 91.6251
5 114.2145 112.326
6 125.9215 112.4406
7 321.9349 316.8832
8 399.5684 402.6448
9 410.5671 411.1731
10 417.2896 419.2265
11 438.9300 420.4801
12 466.7933 457.8820
13 543.322 543.5513
14 615.2602 589.0933
15 665.2141 610.4654
16 674.6209 676.7617
17 860.1783 688.0845
18 886.6351 862.2496
19 926.5675 889.5588
20 933.1321 914.7227
21 934.0968 929.7188
22 937.4362 934.9686
23 1909.0212 935.4441
24 2053.4916 939.3056
25 2114.4137 1939.9409
26 2134.0820 1945.8709
27 2148.7552 2059.359
28 2153.5027 2128.9543
29 2153.8935 2136.04
30 2159.634 2147.6447
31 — 2151.3287
32 — 2156.7592
33 — 2162.7684
Geometric mean frequencies 580.881 603.725
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Table S10. The m parameters used in SS-QRRK calculations.

RB step 1 RC step 3

T/K E./(kcal mol™) m E/(kcal mol™) m

298 243 14.6 23.7 13.7
300 24.4 14.7 23.7 13.7
400 25.4 153 23.8 13.7
500 25.7 15.5 24.0 13.9
600 25.9 15.6 24.2 14.0
700 26.1 15.7 24.5 14.2
800 26.2 15.8 24.8 14.4
900 26.5 16.0 25.2 14.5
1000 26.7 16.1 25.5 14.7
1500 28.5 17.2 273 15.8
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Table S11. Numbers of distinguishable conformers found in the conformational

searches for the species that have multiple structures

Molecule Number Molecule Number

SiH;SiHSiH, 4 RC Step 1 TS 2
(SiH3),SiHSiH, 4 (SiH3),SiHSiH, 3

RA Stepl TS 6 RC Step 2 TS 2
(SiH3),SiHSiH ™ 3 RC Step 3 TS 2

RA Step 2 TS 2 RD Step 1 TS 2

RB Step 1 TS 2

RB Step 2 TS 4

RB Step 3 TS 2




1 —298
— 400
— 600
800
— 1000
— 1500

T
-2 -1
log, (p/bar)

0

s18

Figure S1. Predicted falloff curves for thermal rate constants of unimolecular

isomerization reactions at various temperatures (K) and pressures (bar). Solid lines

are for reaction RB step 1; dashed lines are for reaction RC step 3. The (AE) is

chosen to be 740 cal/mol.



s19

log, (k(p)/k(p==)
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Figure S2. Predicted falloff curves for thermal rate constants of unimolecular
isomerization reactions of reaction RB step 1. Solid lines are computed with (AE)

being 740 cal/mol; dashed lines are computed with (AE) being 1480 cal/mol.





