Supplementary Materials
Text S1. Characterization methods
The crystal structure of Ru/zeolite was examined X-ray diffraction (XRD). The diffractometer was equipped with a Cu Kα (λ = 1.5406 Å) radiation source operating at 40 mA and 40 kV, and the X-ray diffraction spectra were measured over a 2θ scanning range from 0.5° to 50° (D8, Bruker, Germany). The N2 adsorption-desorption isotherms of the samples were determined by Quantachrome iQ3 adsorption meter at 77 K (Autosorb-iQ3, Quanta, USA). The specific surface area (SBET) of the samples was calculated by the Brunauer-Emmet-Teller (BET) equation. The microporous surface area, pore volume, and pore size distribution were obtained by the t-plot method and the density functional theory (DFT) method. Prior to the measurements, the samples were degassed at 473 K for 12 h in a vacuum atmosphere. In addition, the Si/Al atomic ratio and Ru loading of the Ru/zeolite samples were determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES, Spectro, Germany). Finally, the morphology of Ru/zeolite with different topologies was characterized by scanning electron microscopy SEM (S-4800, Hitachi, Japan) with an accelerating voltage of 5.0 kV. The particle size of the Ru was also statistically calculated by transmission electron microscopy TEM (JEM-2100Plus, Jeol, Japan). The 27Al MAS NMR experiment involved solid-state MAS NMR analysis of zeolite samples using a Bruker NMR spectrometer (400WB AVANCE III). The 27Al spectrum was acquired at a resonance frequency of 104.2 MHz.
Temperature programmed reduction by H2 (H2-TPR) experiments were performed on a chemical adsorption analyzer (Huasi, China) to evaluate the redox properties of the samples. Prior to the experiments, 100 mg of sample was pretreated at 300 ℃ under 30 mL/min N2 flow for 30 min, followed by cooling to 100 ℃. The catalyst was then reduced in a 30 mL/min flow of 5 vol% H2/N2 mixture while heating from 100 ℃ to 600 ℃ at a rate of 10 ℃/min. Hydrogen consumption was continuously monitored using a thermal conductivity detector (TCD). The hydrogen consumption was quantified by comparing the reduction peak area with that of standard CuO. 
Oxygen temperature-programmed desorption (O2-TPD) measurements were carried out using an online mass spectrometer (OmniStar) to investigate the surface oxygen species, oxygen vacancies, and oxygen storage/release capacity of the prepared catalysts. Prior to the test, 300 mg of the sample was pretreated at 200 ℃ for 30 min under a pure N2 flow of 30 mL/min and then cooled to 100 ℃. Afterwards, a 10 vol% O2/N2 mixture with a flow rate of 30 mL/min was introduced for sufficient oxygen adsorption. After saturation, pure N2 was purged to remove the physically adsorbed oxygen on the sample surface. Subsequently, the temperature was increased from 50 ℃ to 750 ℃ at a heating rate of 10 ℃/min for temperature-programmed desorption. The desorbed oxygen species were continuously detected by mass spectrometry, and the distribution and content of active oxygen species with different strengths were analyzed accordingly.
Temperature programmed desorption of NH3 (NH3-TPD) on the DAS automated chemical adsorption analyzer (Huasi, China). The 100 mg of sample was pretreated at 300 ℃ under N2 flow for 30 min. When sample was cooled to 100 ℃, NH3 adsorption was then conducted in a 30 mL/min flow of 4 vol% NH3/N2 for 1 h, followed by N2 purging for 15 min to remove physiosorbed ammonia. The temperature was subsequently raised from 100 ℃ to 600 ℃ at 10 ℃/min while monitoring the desorbed NH3 with a TCD.
In situ infrared spectroscopy was collected using TENSOR 27 Fourier transform infrared spectrometer (Bruker, Germany). An appropriate amount of catalyst sample was weighed, ground, and placed in an in situ IR cell. High-purity argon was introduced, and the sample was heated to 300 ℃ and purged at a constant temperature for 1 hour to complete sample pretreatment. The temperature is then lowered to 100 °C to acquire the blank baseline. A 4% ammonia-argon mixture is introduced and maintained at a constant temperature for 50 minutes until adsorption reaches saturation. The system is then switched to high-purity argon for purging at a constant temperature to remove physically adsorbed ammonia. An infrared spectrum is acquired at 100 ℃. The experiment concludes after residual ammonia has been completely purged.
X-ray photoelectron spectroscopy (XPS) analysis was performed using a spectrometer with monochromatic Al-Kα X-ray source under ultra-high vacuum (UHV) (ESCALAB 250Xi, Thermo Fisher, USA). All spectra were calibrated using the C 1s peak at 285 eV. 
Text S2. Molecular dynamic simulation
Molecular dynamic (MD) simulations were performed using Materials Studio software based on various zeolite models. One pentachlorobenzene molecule was then placed within the zeolite supercell. The simulation box underwent 5,000 energy minimization steps using the Smart algorithm. This algorithm combines the steepest descent and quasi-Newton methods to optimize the structure toward minimal energy. As a result, the zeolite framework was optimized and its energy minimized. MD simulations were conducted for zeolites with different topological structures, based on the COMPASS force field. Long-range electrostatic interactions were calculated using the Ewald summation method, while Lennard-Jones interactions were computed with a cutoff radius of 12.5 Å. The equations of motion were integrated using the velocity Verlet algorithm with a time step of 1 fs, and the total simulation time was 3,000,000 fs at 523 K. Initial molecular velocities were randomly generated according to the Boltzmann distribution at a given temperature, which was maintained constant via a Nose-Hoover thermostat. Trajectories were recorded every 5,000 steps during the MD simulations. The mean square displacement (MSD) was calculated using the following equation:
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where  is the coordinate of molecule ,  is the simulation time in picoseconds, and  is the number of pentachlorobenzene molecules used for MSD calculation. 
The self-diffusion coefficient () was then obtained by fitting the MSD curve over the time range of 0 to 2.5 ns using the following Einstein relation:
                       (S2)
where  is the intercept obtained from the linear fit of the MSD curve.
Text S3. Activity measurement
Activity tests were conducted in a fixed-bed quartz microreactor (6 mm i.d.). Prior to activity assessment, the catalyst was pelletized and sieved to a particle size of 40-60 mesh. The gas hourly space velocity (GHSV) was maintained at 40,000 h-1 with a total gas flow rate of 100 mL/min. The feed gas consisted of 20 vol% O2, 1000 ppm o-DCB, and balanced by N2. The reaction temperature was increased stepwise from 100 ℃ to 500 ℃, with a holding time of 30 minutes at each tested temperature. The temperature was monitored using a thermocouple inserted into the middle of the reactor. The gas composition before and after the reaction was analyzed by gas chromatography-mass spectrometry (Agilent GC-7890B, MS-5977A). The o-DCB conversion, CO2 yield, and CO yield were calculated according to the following equations:
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where,  is inlet o-DCB concentration;  is outlet o-DCB concentration;  is outlet CO2 concentration;  is outlet CO concentration;  is outlet CxHyClz concentration.
The selectivity of HCl and Cl2 was calculated as follows:
The outlet gas was first absorbed using sodium hydroxide solutions (12.5 mmol/L). N, N-diethyl-p-phenylenediamine was used as an indicator, and titration was carried out with 0.01 mol/L ammonium ferrous sulfate solution. The Cl- concentration was quantified using a chloride ion-selective electrode. The yields of HCl and Cl2 were calculated according to the following equations:
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where,  is outlet HCl concentration;  is outlet Cl2 concentration.
Table S1. Ru loading and Si/Al ratio of the bulk in Ru/Beta catalysts were detected by ICP-AES.
	Catalyst
	Ru loading (wt.%)
	Si (mmol·g-1)
	Al (mmol·g-1)
	Si/Al ratio

	Ru/Beta-NaOH
	0.48
	44.7
	4.84
	9.2

	Ru/Beta-Na2CO3
	0.51
	38.4
	3.74
	10.3

	Ru/Beta-NH4F
	0.47
	41.0
	1.79
	22.9

	Ru/Beta-HNO3
	0.52
	42.0
	1.38
	30.4

	Ru/Beta
	0.50
	41.9
	3.36
	12.5


Table S2. Quantitative analysis of H2-TPR results over Ru/Beta catalysts treated with different etching techniques.
	-
	Catalyst

	
	Ru/Beta-NaOH
	Ru/Beta-Na2CO3
	Ru/Beta
	Ru/Beta-NH4F
	Ru/Beta-HNO3

	Total H2 Consumption/(mmol/g)
	0.373
	0.370
	0.371
	0.367
	0.369


Table S3. XPS results of Ru/Beta catalysts treated with different etching techniques.
	Catalyst
	Surface Atomic Concentration/Atomic %
	Oα/Oβ Molar Ratio

	
	O
	Si
	Al
	

	Ru/Beta-NaOH
	74.01
	23.62
	2.37
	0.51

	Ru/Beta-Na2CO3
	74.93
	22.56
	2.51
	0.46

	Ru/Beta
	74.23
	23.14
	2.64
	0.44

	Ru/Beta-NH4F
	74.33
	23.87
	1.80
	0.39

	Ru/Beta-HNO3
	75.28
	23.08
	1.64
	0.36


Table S4. Dself values of Beta zeolites with different pore sizes.
	Pore size
	Unetched
	Single-Enlarged
	Dual-Connected
	Tri-Connected
	Quad-Connected

	Dself (10-10 m2/s)
	0.22
	0.90
	1.87
	2.03
	2.48
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