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Geometric analysis:

A series of geometric observables, illustrated in Figure 1, were determined in order to analyse 

any potential correlation between specific bond distances and their corresponding vibrational 

frequencies.

Figure S1. Schematic representation of analysed geometric observables of A) bi-methanol 
adsorbed on the zeolite Brønsted acid site and B) gas phase methanol, with the presented 
indices highlighting “B” – Brønsted proton of the acid site, “M1” – atom of the closest 
methanol to the acid site or of the methoxy group, “M2” – atom of the co-adsorbed methanol 
molecule and “*” indicating the hydrogen atom of the methyl group placed in an in the 
equatorial position with respect to the hydrogen atom of OH group in the case of a methanol 
adsorbed model or Aluminium of the active site when considering the zeolite bound methoxy 
case.

A detailed presentation of the bond distances is provided in Table S1. To focus on the methyl 

vibrational modes, the correlation between the C-H and C-O bonds with the symmetric and 

asymmetric vibrational frequencies of the methyl group was analysed. As shown in Table S1, 

the variation of the CM1-H* bond distance was similar to that of CM1-H, thus only the CM1-H* 

bond distance was considered for analysis. However, based on Figs. 1 and 2, no linear 

correlation is found between the C-O and C-H bond distances and the symmetric and 

asymmetric vibrational frequencies of the methyl group.
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Table S1. Summary of bond distances illustrated in Figure 1 of protonated methanol (CH3OH+) 
of bi-methanol model, neutral methanol (CH3OH) of single methanol model, and zeolite bound 
methoxy group (Zeo-CH3), presented in Ångstroms.

Model OZeo-HB OM1-HB OM1-HM1 OM2-HM1 OM2-HM2
CH3OH+ 1.676 1.001 1.044 1.445 0.961
CH3OH 1.046 1.479 0.965

CM1-OM1 CM2-OM2 CM1-H* CM1-H CM2-H* CM2-H
CH3OH+ 1.457 1.442 1.084 1.085 1.085 1.089
CH3OH 1.437 1.086 1.089

Zeo- CH3 1.484 1.083 1.084

Figure S2. Plot between the CM1-OM1 and CM1-H* bond distances and the asymmetric 
vibrational frequency of methyl, presented in Ångstroms and cm-1.
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Figure S3. Plot between the CM1-OM1 and CM1-H* bond distances and the symmetric vibrational 
frequency of methyl, presented in Ångstroms and cm-1.
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