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Table S1. The CCSD/ATZ geometries of the cis-, trans-MF and the transition state structures.

cis-MF
C | -0.929000 | -0.082997 | 0.000000
O | 0.000951 | 0.874271 | 0.000000
O | -0.717913 | -1.264024 | 0.000000
C | 1.353536 | 0.393117 | 0.000000
H | -1.922975 | 0.372000 | 0.000000
H | 1.978242 | 1.280400 | 0.000000
H | 1.538450 | -0.208706 | 0.887518
H | 1.538450 | -0.208706 | -0.887518
trans-MF

C | 0.056643 | 0.000000 | -0.013646
O | -0.025727 | 0.000000 | 1.325694
O | 1.096774 | 0.000000 | -0.598417
C | -1.354346 | 0.000000 | 1.854421

H | -0.924197 | 0.000000 | -0.513131
H | -1.248248 | 0.000000 | 2.934380
H | -1.896950 | 0.893158 | 1.542933
H | -1.896950 | -0.893158 | 1.542933

TS-MF

C | 0.003861 | -0.000182 | 0.008209
O | 0.015538 | 0.012450 | 1.437947
O | 1.272161 | 0.002919 | 1.964765
C | 1.889690 | 0.987458 | 2.231775
H | 1.648170 | -1.012162 | 2.149353
H | -1.039376 | -0.033213 | -0.289944
H | 0.473788 | 0.903011 | -0.382914
H | 0.519810 | -0.883281 | -0.377950




Table S2. Harmonic (H) vibrational constants, anharmonic (AH) corrections to the 0-1 transition, and
anharmonic 0-1 transitions (cm-') followed by the IR intensities (km/mol) of cis-MF. SMP2(AH) stands

for an anharmonic correction obtained at the MP2 level. All results obtained with the ATZ basis set.

Mode Vibrational Constant IR Intensity
CCSD(H) | MP2(H) | MP2(AH) | 5MP2(AH) | CCSD(H)+ | CCSD(H)
5MP2(AH)
1 1554 | 1545 | 1355 19.0 136.4 0.164
2 3126 | 307.9 | 315.2 7.3 319.9 14.550
3 3407 | 3464 | 3357 -10.7 330.0 27.608
4 7867 | 7716 | 761.6 -10.0 776.8 7.797
5 9700 | 953.2 | 925.9 27.3 942.7 27.366
6 1069.7 | 1046.4 | 10249 | -216 1048.1 0.008
7 1196.7 | 1187.1 | 11623 | -24.8 1171.9 1.931
8 12133 | 11929 | 11615 | -314 1181.9 62.976
9 1269.4 | 1246.7 | 1207.1 -39.6 1229.8 279.542
10 1420.0 | 1399.4 | 1370.7 -28.8 1391.2 1.446
11 1492.8 | 1478.3 | 1442.4 -35.9 1456.8 3.677
12 1514.6 | 1511.9 | 1468.9 | -42.9 1471.7 8.616
13 15233 | 1519.2 | 14737 | -455 1477.8 10.931
14 1827.0 | 1769.5 | 17385 | -31.0 1796.0 316.746
15 30811 | 3096.6 | 3001.9 | -947 2986.4 25.222
16 3107.5 | 3111.4 | 29637 | -147.7 2959.8 36.917
17 3160.8 | 3189.7 | 3051.7 | -138.1 3022.7 15.504
18 31911 | 32246 | 30862 | -138.4 3052.6 11.079




Table S3. Harmonic (H) vibrational constants, anharmonic (AH) corrections to the 0-1 transition, and
anharmonic 0-1 transitions (cm-') followed by the IR intensities (km/mol) of trans-MF. MP2(AH) stands

for an anharmonic correction obtained at the MP2 level. All results obtained with the ATZ basis set.

Mode Vibrational Constant IR Intensity
CCSD(H) | MP2(H) | MP2(AH) | 5MP2(AH) | CCSD(H)+ | CCSD(H)
5MP2(AH)
! 40.1 507 | 715 -20.9 19.2 7.414
2 1743 | 1792 | 175.1 4.1 170.2 1.969
3 3528 | 3480 | 360.6 12.6 365.4 141.963
4 6479 | 6350 | 627.5 75 640.4 1.388
5 1059.4 | 1036.9 | 1017.1 19.9 1039.5 0.933
6 1065.2 | 10434 | 10198 | -23.6 1041.6 234.124
7 1162.8 | 11421 | 11126 | 294 1133.4 1.042
8 11936 | 11835 | 1166.8 | -16.7 1176.9 5.985
9 12782 | 1256.1 | 1230.1 -26.0 1252.2 0.360
10 14375 | 14156 | 1383.3 -32.3 1405.2 20.454
11 1503.2 | 1488.0 | 1455.2 -32.8 1470.4 7.454
12 1525.6 | 1522.9 | 14786 | -44.2 1481.4 405.418
13 15282 | 15259 | 14834 | -425 1485.7 0.174
14 1869.1 | 1807.1 | 17785 | -285 1840.6 38.966
15 30165 | 30134 | 2889.5 | -1240 | 28925 40.889
16 3060.0 | 3079.3 | 2989.0 | -90.2 2969.8 23.006
17 31322 | 3168.1 | 3031.3 | -136.8 | 2995.4 55.745
18 3184.6 | 32163 | 307441 | -142.2 3042.4 8.864




Table S4. Harmonic (H) vibrational constants, anharmonic (AH) corrections to the 0-1 transition, and
anharmonic 0-1 transitions (cm') followed by the IR intensities (km mol-') of TS-MF. 8MP2(AH) stands

for an anharmonic correction obtained at the MP2 level. All results obtained with the ATZ basis set.

Mode Vibrational Constant IR Int

CCSD(H) | MP2(H) | MP2(AH) | 5MP2(AH) | CCSD(H)+ | CCSD(H)

5MP2(AH)

! 2322 | 2424 | 2434 1.1 2332 | 14.480
2 1702 | 184.0 | 173.0 -10.9 159.3 0.521
3 3038 | 290.1 | 289.3 0.8 303.0 5.064
4 6754 | 661.6 | 651.9 9.7 665.7 | 20.398
5 9925 | 9748 | 952.3 225 970.0 | 44.521
6 1064.5 | 10455 | 10260 | -195 10450 | 36.210
7 11716 | 11464 | 11107 | -357 11359 | 208.809
8 1188.6 | 1179.1 | 1153.1 -26.0 1162.6 | 11.495
9 12459 | 12262 | 11962 | -29.9 12160 | 120.412
10 14104 | 1391.0 | 1359.3 -31.8 1378.7 | 2.892
1 1497.8 | 1485.3 | 1450.5 -34.8 1463.0 1.926
12 1520.9 | 1518.7 | 14745 | -442 1476.7 | 8.031
13 1531.8 | 1529.6 | 14872 | -42.4 1489.4 | 8.461
14 18485 | 1780.7 | 17486 | -32.1 1816.4 | 286.013
15 30417 | 3044.9 | 2900.0 | -1449 | 2896.8 | 39.191
16 3048.9 | 3058.2 | 2989.8 | -68.4 2980.6 | 51.320
17 3116.5 | 31434 | 30102 | -133.3 | 2983.3 | 24.463
18 3178.2 | 3205.6 | 3068.8 | -136.9 | 30413 | 11.741




Table S5.

Harmonic MP2/ADZ frequencies in D1-D3 determined on the counterpoise-corrected

potential energy surface.

aThis mode of cis-MF is dominated by the C=0 stretch; blsymmetric; cantisymmetric; 9ddominated by

Frequency / cm-'

D1 D2 D3 cis-MF
1 17.3303 19.0039 16.7124
2 26.4705 30.538 36.8971
3 42.5924 39.0231 49.9524
4 | 47.6156 58.0936 54.0311
5 57.7024 75.6491 64.8637
6 70.0688 83.4757 78.1731
7 | 162.4087 166.1605 165.7097 | 163.968
8 | 187.3773 192.491 166.2273
9 | 305.1273 304.7949 311.9271 | 305.348
10 | 305.2332 311.9556 312.1476
11 | 344.4287 346.9061 350.5635 | 342.917
12 | 345.1247 352.9687 354.996
13 | 760.2241 760.8088 759.7379 | 760.597
14 | 762.6378 763.8339 764.0251
15| 926.388 926.0598 935.4404 | 935.337
16 | 927.075 936.8103 937.1531
17 | 1032.8117 | 1033.3412 | 1051.2394 | 1029.946
18 | 1033.0014 | 1051.8451 | 1052.4327
19 | 1155.4815 | 1170.7097 | 1169.4609 | 1171.054
20 | 1157.5565 | 1172.5636 | 1170.793
21 | 1171.9672 | 1175.2556 | 1170.8236 | 1173.481
22 | 1176.1757 | 1180.652 | 1177.1273
23 | 1228.4044 | 1222.2935 | 1217.6592 | 1222.217
24 | 1232.2351 | 1237.2636 | 1229.5588
25 | 1385.6053 | 1386.3478 | 1384.8582 | 1382.523
26 | 1385.6997 | 1391.4834 | 1388.2572
27 | 1442.1982 | 1449.3153 | 1449.5398 | 1450.475
28 | 1442.2528 | 1455.6981 | 1449.5713
29 | 1471.3311 | 1480.4056 | 1480.493 | 1480.569
30 | 1478.939 1485.615 | 1480.5013
31 | 1483.0065 | 1487.4534 | 1487.3872 | 1487.800
32 | 1483.576 | 1498.1259 | 1487.5147
33 [ 1733.1417° | 1727.1686 >4 | 1722.0303 *| 1743.9772
34 | 1743.6041° | 1741.5904 ¢ | 1735.4076 ©
35 | 3105.9356 | 3091.6806 | 3092.7908 | 3093.263
36 | 3106.0578 | 3092.3399 | 3092.8931
37 | 3122.6878 | 3124.5049 | 3152.9848 | 3125.711
38 | 3123.0755 | 3156.2131 | 3153.5715
39 | 3211.7238 | 3191.3952 | 3192.2235 | 3192.902
40 | 3212.8546 | 3197.7573 | 3192.247
41 | 3236.6277 | 3227.6137 | 3228.092 | 3228.845
42 | 3237.3012 | 3229.7349 | 3228.1109

monomer 1; édominated by monomer 2




Table S6. The energies of D2 and D3 with respect to D1 at various levels of theory (all energies in

meV).

D2 D3
Egy -33.44 -51.74
E® 37.02 63.18
MP2

AE qogp 7.93 14.58
AE, -3.05 -5.24
E, ol 8.46 20.79
E 1.93 -7.13

10.40 13.66

vib
Etotal +E o




Table S7. Structure of one-body deformation energy for two cis monomers in D1-D3. (All energies in
meV).

1@D1 2@D1 1@D2 | 2@D2 | 1@D3 | 2@D3
ED, 1.25 1.25 9.87 1.55 9.13 9.13
2 0.79 0.79 -5.25 2.37 -4.46 -4.46
AE ey 0.54 0.54 1.16 0.15 1.00 1.00
AE -0.28 -0.28 -1.14 -0.19 -1.02 -1.02
T
E,,. 2.30 2.30 4.64 3.88 4.65 4.65




Table S8. Structure of the two-body interaction energy between deformed monomers in the D1, D2

and D3 dimers (All energies in meV).

D1 D2 D3
Egy -80.85 -123.20 -148.33
2, -102.37 -60.90 -28.70
AE g -6.88 0.83 6.79

AE, -8.93 -11.21 -12.69
E,. -199.03 -194.47 -182.93




Figure S1. 16 low-energy structures of the MF dimer determined at the MP2/ADZ level. The relative

energies in meV. The energies in parentheses obtained on the counterpoise-corrected surface.
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