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S1. Coverage after cut of cyclohexene flow during test 1 

At the end of test 1, cyclohexene flow was cut off, and the system was kept under 100 ml min
-1

 

of N2 at 523 K for 0.6 h. The coverage (θ) of each group, measured before and 0.6 h after 

cyclohexene cut, as well as the concentration of coke and intermediate species, are shown in 

Table S1.1. Only silanol and OH groups in hexagonal prisms presented a decrease in their 

coverage. Besides, no decrease of coke was observed, while intermediate species presented a 

small reduction, but did not disappear. 

 

Table S1.1. Coverage of silanol and OH groups, as well as coke and intermediate species 

concentration. 

 Before cut of cyclohexene 

flow 

0.6 h after cut 

θ 3516 cm
-1

 (Hexagonal prisms OH) 0.80 0.75 

θ 3541 cm
-1 

(Perturbed OH sodalite cages) 0.97 0.97 

θ 3558 cm
-1 

(Non-perturbed OH sodalite 

cages) 

0.98 1.00 

θ 3606 cm
-1 

(Perturbed OH supercages) 0.86 0.88 

θ 3625 cm
-1 

(Non-perturbed OH 

supercages) 

0.75 0.74 

θ 3739 cm
-1 

(SiOH groups) 0.81 0.75 

Coke (area g
-1

) 1279 1274 

Intermediate species (area g
-1

) 28 22 

 

mailto:*bruno_m@petrobras.com.br


2 

 

S2. Intermediate species with TOS 

Evolution of intermediate species with time on stream (TOS) during test 1 was calculated by the 

area of band at 1496 cm
-1

 and shown in Figure S2.1. The quantification of such species during 

test 2 was not possible due to the overlapping between this band and the one related to pyridine 

adsorption at 1490 cm
-1

. 

 

Figure S2.1. Evolution of intermediate species with TOS. 
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S3. Test with pure silica 

Experimental 

This test was performed with silica gel Si 60 (40-63 μm, Merck). Firstly, silica was activated at 

623 K for 2.5 h (heating rate of 3 K min
-1

) under a flow of 30 mL min
-1

 of N2. After that, the 

temperature was decreased to 523 K at a ramp of 3 K min
-1

. Then, the reaction gas (1.3 % of 

cyclohexene and 98.7 % of N2, molar basis) was added to the cell. The temperature used in the 

test was 523 K, and the reaction gas flow was 100 mL min
-1

. FTIR spectra of the catalyst 

surface were recorded on a Nicolet 6700 equipped by an MCT detector with 64 scans and 4 cm
-1

 

resolution. At the same time, the composition of reactor effluent was determined by GC, 

utilizing a Bruker 450-GC equipment, equipped with a column BP1 50 m x 0.32 mm and a FID. 

Cyclohexene conversion (X) and product yield (Y) were calculated as described in Eqs. (1) and 

(2), respectively, in the main paper. Coverage of silanol groups (θ) was calculated by Equation 

(5) in the main paper, using the area of the band spectrum at 3739 cm
-1

. 

 

Results 

The silica spectrum in the silanol region is shown in Figure S3.1. This material presented only a 

band at 3739 cm
-1

, corresponding to silanol (SiOH) groups [1].  

 

                                                               
Figure S3.1. Spectrum of silica in the silanol region. 

 

After the introduction of cyclohexene, no bands of coke and intermediate species were observed 

by IR spectra. Cyclohexene conversion and product yield were negligible (less than 0.1 %), as 

well as SiOH coverage (maximum of 0.04). Results are shown in Figure S3.2, and according to 

West et al. [2], silica is not inactive for isomerization reactions, but the addition of a small 

amount of Al provides substantial activity. 
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Figure S3.2. Cyclohexene conversion, product yield and silanol coverage results on silica. 
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