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Experimental Procedures

Catalyst Characterization

The Powder X-ray diffraction (PXRD) patterns were obtained on a Bruker D8 

ADVANCE Diffractometer equipped with Cu Kα radiation at Bragg angles 2θ of 

5°-55°. Nitrogen adsorption-desorption isotherms performed to obtain the textural 

properties were measured on Micromeritics ASAP2010 instrument at -196 °C. Prior 

to analysis, all the samples were outgassed at 200 °C for 12 h. The 

Brunauer-Emmett-Teller (BET) equation and t-plot method were employed to analyze 

the surface areas of the sample, while the pore size distribution of the samples were 

analyzed by the Barrett-Joyner-Halenda (BJH) model. Kinetic adsorption experiment 

was performed in BEISHIDE Vacuum Vapor Sorption analyzer. Before starting the 

measurement, the sample was degassed at 100 °C for 3 h in vacuum, and the 

fractional transient uptakes of benzene on Beta zeolites was carried out under 303 K 

and 4.78 KPa (relative pressure P/P0=0.3). Scanning electron microscopy (SEM) 

images were performed using a Hitachi S4800 electron microscope at an acceleration 

voltage of 10 kV with a metal coating. The contents of Si and Al in zeolite samples 

were measured with inductively coupled plasma optical emission spectroscopy 

(ICP-OES) on Optima 7000DV (PerkinElmer) spectrometer. The acidity of the 

calcined zeolites was investigated by infrared spectroscopy with 

adsorption/desorption of pyridine (Py) and 2,6-di-tert-butyl pyridine (DTBPy) as 

probe molecules monitored on a Vertex 70 FTIR apparatus. Prior to the 

measurements, the samples were outgassed for 2 h at 550 ºC. Pyridine or 
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2,6-di-tert-butyl pyridine was adsorbed on the degassed samples for 1 h at ambient 

temperature. The sample was heated to 150 ºC for 1 h to remove the weakly bound 

pyridine species. After cooling to room temperature, IR spectra were recorded with 30 

scans and 2 cm-1 resolution. The concentrations of total Brønsted acid sites, total 

Lewis acid sites and externl Brønsted acid sites of zeolites 1-2 were calculated by 

integrating absorbance peak at  = 1545 cm-1 with ε = 1.88 cm μmol-1, at  = 1455 

cm-1 with ε = 1.42 cm μmol-1 and at  = 1616 cm-1 with ε = 2.84 cm μmol-1, 

respectively.3 

Catalytic Tests

Alkylation of benzene with 1-dodecene was performed to evaluate the catalytic 

performance of prepared Beta zeolites at atmospheric pressure in a two-necked glass 

flask with stirring, which was impregnated in a temperature-controlled oil bath and 

equipped with a reflux condenser. Prior to the catalytic tests, all of the zeolite 

catalysts were activated at 100 °C for 5 h and the reactants benzene and 1-dodecene 

were dehydrated by 4A zeolite. Typically, 112 mmol of benzene, 7.2 mmol 

ethylcyclohexane (as internal standard) and 100 mg catalysts was added into a 

two-necked flask (25 ml). After stabilizing at 80 °C in oil bath for a desired time 

under stirring, 12.8 mmol 1-dodecene was injected quickly. This moment was 

considered as the initial reaction time. The mixture was withdrawn periodically and 

analyzed in a gas chromatograph (Agilent 7820A) equipped with a HP-5 column 

(Agilent, 30 m × 0.320 mm, 0.25 micron) connected to a flame ionization detector 

(FID). For the recycling experiment, zeolite catalysts after cycle were filtered and 
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dried at 100 ℃ for 12 h, then they were used to evaluate the catalytic performance in 

next cycle without any treatment. 

The computational results

The computational calculations were performed using Sorption module in 

Materials studio 7.0.4 One molecule of 1-dodecene and one molecule of benzene were 

fixed loaded in BEA zeolite using Metropolis Monte Carlo method.5 To fully examine 

the interaction of 1-dodecene and benzene with the framework of BEA zeolite, both 

van der Waals and electrostatic interactions were considered. Universal force field6 

was used to describe the van der Waals interaction between the adsorbates and 

adsorbent, while the partial charges calculated with QEq method7 and summed with 

Ewald method8 were used to model the electrostatic interactions. The cutoff distance 

of van der Waals interactions was set to 15.5 Å, and Ewald accuracy was set to 1×10-4 

kcal/mol. During the simulations, the relative probabilities of adsorbate exchange, 

conformer, rotate, translate and regrow was set to 0.39, 0.20, 0.20, 0.20, 0.02, 

respectively, for each Monte Carlo step. 1×105 steps were used for equilibration, and 

1×106 steps were for production.

Details for acid sites passivation experiment. 

In this part, Beta-0 and Beta-5 were selected for modification and test. Typically, 

0.2 g the calcined samples were pressed into self-supporting wafers, respectively. 

Then it was put in the in-situ cell at room temperature, followed by the pump system 

to achieve high vacuum environment. After turning off the pump valve and opening 

the valve between the cell and adsorbed reagent tube, the adsorption of zeolites was 
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carried out under the flowing pyridine (Py) / 2,6-di-tert-butyl pyridine (DTBPy) 

stream in the system. The resulted sample was recovered after adsorption at room 

temperature for 1 h and denoted as Beta-0-x or Beta-5-x, respectively, where x 

represented the adsorbed reagent. Specific details for alkylation test were consistent 

with the description in the section of catalytic tests.

Calculation of effective diffusion coefficient

The diffusion coefficient of benzene within beta zeolites was calculated through 

adsorption kinetic curves. Assuming that the beta zeolite particle is spherical and 

according to Fick's law, the diffusion equation was:9-10

𝑄𝑡

𝑄𝑒
= 1 ―

6
𝜋

∞

∑
𝑛 = 1

1

𝑛2exp ( ―
𝐷𝑒𝑓𝑓𝑛2𝜋2

𝑅2 𝑡) (S1)

For a short period of time, equation (S1) could be further written as:11
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Where  and  are the adsorption capacity (mg/g) of adsorbent at 𝑄𝑒 𝑄𝑡

equilibrium and time t (s), respectively.  is the effective diffusion coefficient (m2 𝐷𝑒𝑓𝑓

s-1), R is the particle radius (m). When  is plotted versus , a straight line with a 
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Figures and Tables

Figure S1. The BJH pore distributions of Beta zeolites.

Figure S2. Conversion of 1-Dodecene (a) and Selectivity of 2-LAB (b) of Beta-0 and Beta-5 after 
adsorbed Py or DTBPy.
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Figure S3. Fractional transient (a) and plots of the fractional adsorption (b) uptakes of 
benzene on Beta zeolites.

Figure S4. XRD patterns of Beta-0 (a) and Beta-5 (b) before and after catalytic durability 

experiment.
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Table S1. Acidity of resultant Beta zeolite catalysts 

Acid sites
b

External acid sites
c

Sample Si/Al
a

B (mmol g
-1

) L (mmol g
-1

) B/L
d

B (mmol g
-1

)

Beta-0 31.8 0.1109 0.2311 0.480 0.0325

Beta-3 38.0 0.0795 0.1975 0.403 0.0288

Beta-4 51.0 0.0802 0.2081 0.385 0.0296

Beta-5 52.4 0.0839 0.1457 0.576 0.0298
a 
The Si/Al ratios determined by ICP-OES. 

b 
Measured by FT-IR spectra of adsorbed pyridine.

c 
Measured by FT-IR spectra of adsorbed 2,6-di-tertbutylpyridine.

d 
B/L= Brønsted acid sites (mmol g

-1
) : Lewis acid sites (mmol g

-1
)

Table S2. Diffusion time constant and effective diffusion coefficient of benzene on the samples 

Catalysts Deff /R2 (s-1) R (m) Deff (m2 s-1)

Beta-0 8.17×10-5 3.25×10-8 8.63×10-20

Beta-5 7.9×10-5 8.50×10-8 5.71×10-19

R (m) is the particle radius measured from SEM images.
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