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Entropic influence on the generation of Fe(IV)O species at

mononuclear Fe(II) sites in metal-organic frameworks

Fernan Saiz and Leonardo Bernasconi

S.1 Validation of CP2k calculations

We justify in Fig. the choice of 500 Ry as the energy cutoff for running our CP2k simulations
throughout this work. These energies are computed with the methane molecule placed far away from the
Fe(IV)Ooxo active site. These preliminary results show that beyond 500 Ry, the total energy plateaus,
making higher cutoff values provide little accuracy at an extra computational cost.
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Figure S1: The evolution of system’s the total energy vs. energy cutoff in CP2k with CP2k with the
functional HSEOG.



S.2 NO quartet reorientation during abstraction step

Figure S2: Snapshots of spatial orientation of the incoming quartet NO molecule during its abstraction
at Fe(IT)-Ooxo distances of A 2.98 (a), 2.89 A (b), 1.88 A (c), and 1.80 A (d). Fe atoms are blue (with
the exception of the active Fe(II) atom, is yellow), N atoms green, O atoms red, C atoms grey, and H
atoms in white.



S.3 Evolution of the N-O bond length during the nitric oxide

abstraction
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Figure S3: Evolution of the N-O bond length during the nitric oxide abstraction by the Fe(II) atom for
the doublet and quartet spin configurations of the latter.



S.4 Charges and spin during NO, action by static approach

1.15_|""|""|""|""|""| 4.40_I""I""I""I""I""I
1.10 | 4.30 |
i Doublet —*— 4.20 |
:‘q’, 1.05 Quartet —— :‘q’,
@ S 410 f
< < [
O 1.00 | o F
[ 4.00 |
0.95 - 3.90 |
0-90:I....I....I....I....I....I 3-80:I....I....I....I....I....I
15 2 25 3 35 4 15 2 25 3 35 4
Distance O-Fe(ll) (A) Distance O-Fe(ll) (A)
'010 :I LA R AL AL LA AL L B AL AL | 040 [
-0.15 ‘ 7 [
020 f 035
c -0.25F £ 030 !
o F Q 0.
? 030f @ [
0.35 | 0.25 |
040 i
:I....I....I....I....I....I 0-20-I....I....I....I....I....I
1.5 2 25 3 35 4 15 2 25 3 35 4
Distance O-Fe(ll) (A) Distance O-Fe(ll) (A)

Figure S4: The evolution of charges (panel (a) for oxygen and panel (b) for iron Fe(IT) center) and spins
(panel (c) for oxygen and panel (d) for iron Fe(II) center) in the doublet and quartet spin states as a
function of the separation between these two atoms.



S.5 Rebound step for NO: abstraction of NO and O, by complex
Fe(1IT)Ooxo—NN
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Figure S5: The difference of the total (AEppr4disp), DFT (AEgprT), and long-range dispersion (Agisp)
energies with respect to their values at 3.51 A vs. the distance between two nitrogen atoms, one from
the incoming NO molecule and the other already absorbed in the Fe(III)Ooxo-N complex..
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Figure S6: The difference of the total (AEppr+4disp), DFT (AEgprT), and long-range dispersion (Agisp)
energies with respect to their values at 3.51 A vs. the distance between the oxygen of the incoming NO
molecule and the nitrogen in the Fe(IIT)Ooxo—N complex.



S.6 NO doublet reorientation during detachment step
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Figure S7: Snapshots of spatial orientation of the departing doublet NO molecule during its detachment
at Fe(IT)-Ooxo distances of A 1.58 (a), 1.66 A (b), 2.19 A (c), and 2.26 A (d).



S.7 XYZ coordinates of the initial Fe(IV)O(ox0)-MOF74 struc-

ture

We list next the XYZ coordinates of the initial Fe(I1)-MOF74 structure for the abstraction step after
the geometry is optimised with CP2k.
C -1.6776825 2.4363816 5.2872143
C 2.941902 -1.0587657 5.9381766
C 0.6698782 0.1921026 2.5444112
C 1.7730325 6.0939307 8.2138949
C -2.8706668 9.5272856 7.5927983
C -0.52514 8.3436766 10.8971664
C -0.7533373 3.3510883 6.0230918
C 3.8524912 -2.1751614 6.3239279
C 1.5863966 0.3851233 1.3945097
C 0.8536732 5.2018781 7.4468799
C 3.1532371 10.6298914 7.1898575
C 0.8794696 -6.8200832 12.0580368
C 0.6193787 3.0685761 6.2438178
C 5.2157688 -2.2302866 5.9479852
C 2.962503 0.7027402 1.5481581

C -0.5164998 5.4848485 7.2237697
C 4.1050391 -4.2783413 7.5663538
C -2.8063543 7.8158002 11.916709
C 1.3808404 4.0116796 6.9403334
C -0.9630516 -3.3146057 6.3876243
C 3.7259581 0.8304798 0.3850099
C -1.2779018 4.5533324 6.5187817
C 3.3352068 -3.2060771 7.1167889
C 1.0600454 0.2120478 0.1119771
Fe 0.2883169 0.1057578 5.5794716
Fe 4.8468844 -0.3255392 3.7086003
Fe 2.5342257 1.7228304 4.326848
Fe -0.1104008 8.3699532 7.7394161
Fe 2.2208121 8.8090229 9.8217974
Fe -2.4198976 6.7929878 9.1624355
H 2.4250529 3.7890492 7.1071062
H 0.0751652 -3.3548446 6.0893421
H 4.7715721 1.0819227 0.4899485
H -2.3204792 4.7796469 6.3455777
H 2.295902 -3.171505 7.4104047

H -2.3008797 14.9210644 0.0080443
0 -1.2264184 1.3259112 4.8163934
0 3.3997109 -0.0687026 5.2434936
0O 1.180819 0.2650631 3.7249785
0O 1.304498 7.1650047 8.7572222

0 -3.3316059 8.5268107 8.263545
0O -1.0008619 8.2798863 9.6978865
0 4.0740113 2.7603181 5.1508646
0O 1.7445008 -1.0949388 6.326098
0 -0.5442337 -0.0734297 2.3654361



0 2.9791508 5.7602859 8.3329353
0O -1.6642733 9.5941477 7.2465706
0 3.0022516 -6.3669562 11.1201534
0 1.2234012 1.9148296 5.865644

0 -1.1503595 -1.2803339 5.1853666
0 3.5657969 0.9163818 2.7534797
0 -1.1206033 6.6319137 7.6442271
0 1.1942414 9.7567148 8.3636484
0O -3.408834 7.5935579 10.7150202
0O 4.2384954 -1.6601182 3.0495477
0 1.9195592 2.9458718 3.4874909
0 0.5201776 8.2556629 6.2652607
0O -1.7924546 -4.8121639 10.4476938
0 -1.7945528 5.5706978 9.9954672
C 5.2799964 2.4279094 5.2919378
C 9.8987294 -1.0619986 5.9394274
C 7.622263 0.1891359 2.5432105

C 8.7235766 6.0956936 8.2149449
C 4.0794277 9.529707 7.5924778

C 6.4231129 8.3425226 10.895094
C 6.2022419 3.3460102 6.0266914
C 10.8068056 -2.1786792 6.3239017
C 8.5366774 0.3824609 1.39203

C 7.8057919 5.2020192 7.4477144
C 10.1053782 10.6278353 7.1900311
C 7.828259 -6.8225737 12.0556469
C 7.5758457 3.0677843 6.2457805
C 12.168232 -2.2352142 5.9455892
C 9.912323 0.7016418 1.5455281

C 6.4349261 5.4814577 7.2249198
C 11.0574474 -4.2808004 7.567359
C 4.1425352 7.813045 11.9144898
C 8.3353977 4.0132833 6.940352

C 5.9848562 -3.3109615 6.3891621
C 10.6750908 0.8288892 0.3822445
C 5.6747513 4.5468889 6.5219898
C 10.2886038 -3.2082193 7.1177688
C 8.00916 0.208791 0.1100539

Fe 7.266108 0.1016974 5.5815859
Fe 11.7955075 -0.3249694 3.7021427
Fe 9.4836312 1.723226 4.3230066
Fe 6.8375378 8.3687153 7.7410751
Fe 9.1690569 8.8089323 9.8234377
Fe 4.5302677 6.7875538 9.157855
H 9.380229 3.793387 7.106257

H 7.0229974 -3.351259 6.0905199
H 11.7204132 1.0817422 0.4863386
H 4.6311922 4.7695227 6.3499017
H 9.2495203 -3.1729598 7.4119072
H 4.6480026 14.918376 0.0072114
0O 5.7340341 1.3188908 4.8218222



0 10.352067 -0.0707517 5.2443724
0O 8.1385861 0.2596162 3.7222879
0O 8.2534142 7.1656442 8.7588835
0 3.6180947 8.5268536 8.2603598
0 5.9469938 8.2781258 9.6964875
0O 11.0186129 2.7711501 5.1439586
0 8.7023411 -1.1003932 6.3316426
0 6.4075937 -0.0720281 2.3671382
0 9.93015 5.7630501 8.334465

0O 5.286675 9.5979748 7.249764

0 9.9501982 -6.3668447 11.1188049
O 8.1839457 1.916266 5.864965

0O 5.8021288 -1.276017 5.1902738
0 10.5160342 0.9162002 2.750798
0O 5.8292866 6.6283655 7.6433311
0 8.1461277 9.7549849 8.3642626
0O 3.5410943 7.5900207 10.7126255
0O 11.185482 -1.6593677 3.0441742
0 8.8640224 2.9414328 3.480356
O 7.469574 8.2540589 6.2685723
0 5.1611986 -4.8129077 10.4467449
0O 5.1551423 5.5673781 9.9941894
0O 0.288317 0.105758 7.1794701
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