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Supplementary Table 1 Optimized geometries of 128T ONIOM model of H-[Al]-MFI zeolite (B3LYP/6-31G(d,p):MNDO level of theory) with different 
models of relaxation. Distances are in Å and angles in degrees. 

Models 
Parameters 12T/5T 

(Supplementary Fig. 1c) 
30T/5T 

(Supplementary Fig. 1d) 
30T/8T 

(Supplementary Fig. 1e) 
30T/24T 

(Supplementary Fig. 1f) 
H-[Al]-MFI     

O1-H1 0.973 0.970 0.969 0.969 
Si1-O1 1.653 1.658 1.682 1.674 
Si2-O2 1.582 1.578 1.579 1.591 
Al-O1 1.801 1.798 1.804 1.845 
Al-O2 1.663 1.668 1.673 1.701 

<Al-O> 1.698 1.703 1.709 1.739 
Al…H1 2.308 2.389 2.404 2.395 

∠ Si1-O1-Al 133.8 130.7 128.1 128.8 
∠ Si2-O2-Al 130.2 127.0 133.5 141.0 

H-[B]-MFI     
O1-H1 0.970 0.969 0.969 0.969 
Si1-O1 1.656 1.667 1.687 1.667 
Si2-O2 1.607 1.602 1.605 1.603 
B-O1 1.782 1.732 1.714 1.745 
B-O2 1.402 1.411 1.418 1.412 

<B-O> 1.491 1.488 1.487 1.492 
B…H1 2.195 2.238 2.223 2.204 

∠ Si1-O1-B 137.6 134.5 135.8 134.9 
∠ Si2-O2-B 149.2 148.1 147.9 150.6 

 
 

Supplementary Table 2 Comparison of the adsorption energy, ΔEads (in kcal/mol) of the N-bond complexes over the H-[Al]-MFI zeolite in the 5 

ONIOM2(B3LYP/6-31G(d,p)) and ONIOM2(B3LYP/6-31G(d,p):UFF) schemes. 

Model Method Adsorption energy (kcal/mol) 
H-[Al]-MFI   

12T:128T B3LYP/6-31G(d,p):MNDO -27.73 
12T:128T B3LYP/6-31G(d,p):UFFa -40.33 
12T:128T MP2/6-311G(d,p):HF/6-31G(d)a -46.25 
12T:128T B3LYP/6-31G(d,p):UFF -43.53 

   
H-[B]-MFI   
12T:128T B3LYP/6-31G(d,p):MNDO -19.54 
12T:128T B3LYP/6-31G(d,p):UFFa -35.69 
12T:128T MP2/6-311G(d,p):HF/6-31G(d)a -34.10 
12T:128T B3LYP/6-31G(d,p):UFF -34.79 

a Single point calculation at the B3LYP/6-31G(d,p):MNDO optimization. 
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Supplementary Table 4 Comparison of the adsorption energy, ΔEads (in kcal/mol) along the Beckmann rearrangement of clyclohexanone oxime on the 
H-[Al]-MFI zeolite in the bare cluster, ONIOM and e-ONIOM models. 

ΔEads 

Geometry/method 

12T modela ONIOM energiesb e-ONIOM energiesc 

N-bound complex -32.50 -46.25 -50.67 
1,2 H-shift TS complex -19.37 -17.88 -19.21 
O-bound complex -21.02 -28.50 -31.51 
Rearrangement TS 5.25 -9.54 -15.36 
Enol-amide complex -53.09 -56.63 -59.86 
Tautomerization TS -25.14 -36.69 -40.91 
Keto-amide complex -80.64 -85.02 -90.50 

aEnergies obtained from single point calculations at MP2/6-311G(d,p)//B3LYP/6-31G(d,p) level of theory. 
bEnergies obtained from single point calculations at MP2/6-311G(d,p):HF/6-31G(d)//B3LYP/6-31G(d,p):MNDO level of theory. 5 

cEnergies obtained from single point calculations at MP2/6-311G(d,p):HF/6-31G(d):electrostatic potentials//B3LYP/6-31G(d,p):MNDO level of theory.



Supplementary Table 5 Comparison of the adsorption energy, ΔEads (in kcal/mol) along the Beckmann rearrangement of clyclohexanone oxime on the 
H-[B]-MFI zeolite in the bare cluster, ONIOM and e-ONIOM models. 

ΔEads 

Geometry/method 

12T modela ONIOM energiesb e-ONIOM energiesc 

N-bound complex -18.22 -34.10 -39.91 
1,2 H-shift TS complex -13.62 -13.40 -15.59 
O-bound complex -15.15 -17.57 -18.91 
Rearrangement TS 17.52 -4.09 -11.45 
Enol-amide complex -48.36 -50.49 -52.19 
Tautomerization TS -19.94 -26.86 -31.77 
Keto-amide complex -73.07 -77.82 -84.65 

aEnergies obtained from single point calculations at MP2/6-311G(d,p)//B3LYP/6-31G(d,p) level of theory. 
bEnergies obtained from single point calculations at MP2/6-311G(d,p):HF/6-31G(d)//B3LYP/6-31G(d,p):MNDO level of theory. 
cEnergies obtained from single point calculations at MP2/6-311G(d,p):HF/6-31G(d):electrostatic potentials//B3LYP/6-31G(d,p):MNDO level of theory5 
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Supplementary Figure 1.  The N-bound complexes at the ONIOM2(B3LYP/6-31G(d,p):MNDO) level of theory: a) H-[Al]-MFI zeolite and b) H-[B]-15 

MFI zeolite (Distances are in Å). The geometrical structures obtained from ONIOM2 scheme with different degree of relaxation in QM region: 5T, 8T and 
30T atoms are shown. The nomenclature “nT/mT” is designated in which the “n” refers to number of T atoms in QM region and the “m” refers the degree 
of relaxation of T atoms in optimization (presented as bonds and sticks): c) 12T/5T, d) 30T/5T, e) [30T/8T] and f) (30T/24T), respectively. 



A 

B 
Supplementary Figure 2. Energetic profile along the pathway of the Beckmann rearrangement of cyclohexanone oxime molecules on bare cluster models 

at the MP2/6-311G(d,p)//B3LYP level of theory: (a) 12T H-[Al]-MFI, (b) 12T H-[B]-MFI. The energetic changes are in kcal/mol 
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