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Table S1. Chemical composition and the dispersion of Pt in PtxSny@S-1 samples.

Metal loading a
Dispersion of 

Pt atoms bSamples
K Pt Sn

Sn1@S-1 0.58 / 1.32 /
Pt0.1@S-1 0.41 0.12 / 29.0

Pt0.1Sn0.5@S-1 0.45 0.13 0.65 48.8
Pt0.1Sn1@S-1 0.45 0.11 1.07 44.4
Pt0.1Sn2@S-1 0.73 0.11 2.76 47.9

a: wt%, provided by ICP-OES analysis.

b: %, provided by CO-pulse tests assuming that CO is singly absorbed on Pt atoms.



Table S2. Textural properties of the PtxSny@S-1 samples determined by N2-physical adsorption-

desorption characterizations.

Samples SBET SMicro SExsurf VMicro

Pt0.1@S-1 449 185 264 0.10
Pt0.1Sn0.5@S-1 435 197 238 0.09
Pt0.1Sn1@S-1 431 195 236 0.11
Pt0.1Sn2@S-1 445 201 244 0.11

S: m2 g-1 

V: cm3 g-1 



Table S3. Fitting results of Mössbauer spectroscopy for Sn1@S-1 and Pt0.1Sn1@S-1.

Doublet (1) Doublet (2)
Sn1@S-1
IS -0.15 2.74
QS 2.74 1.95
Percentage 23.34 76.66
Pt0.1Sn1@S-1
IS 0 2.72
QS 0.56 1.95
Percentage 10.10 89.90
IS: mm s-1, QS: mm s-1, Percentage: %

Mössbauer spectroscopy features a large quadrupole splitting parameter (Δ > 1.9 mm s-1), 
suggesting that Sn exhibits a stereo-active lone pair.1 Moreover, the spectrum reveals that the isomer 
shift (IS) of Sn1@S-1 (-0.15 mm s-1) is lower than that of Sn(IV) (-0.03 mm s-1), implying the 
decreased electron density of Sn atoms as a result of the varied coordination environment within the 
zeolite framework.2



Table S4. Fitting results for the Sn edge of EXAFS spectra of Sn1@S-1 and Pt0.1Sn1@S-1.

sample NSn-O RSn-O（Å） σ2（Å2） ΔE0（eV） R-factor

SnO 4 2.213±0.010 0.0092±0.0015 2.2±1.0 0.0111

SnO2 6 2.042±0.009 0.0021±0.0007 0.9±0.9 0.0045

Sn1@S-1 4.2±0.4 2.036±0.009 0.0049±0.0013 0.2±1.3 0.0107

Pt0.1Sn1@S-1 3.8±0.4 2.047±0.010 0.0052±0.0014 1.2±1.2 0.0123

R, bonding distance; σ2, Debye-Waller factor; ΔE0, inner potential correction; Rfactor, difference 
between modelled and experimental data. For Sn @S-1 and PtSn@S-1, the fits of the Sn edge were 
performed on the first coordination shell (ΔR = 1.0-3.0Å) over Fourier transform (FT) of the k1k2k3-
weighted χ(k) functions in the range Δk = 3.0-10.5Å-1, where Δk and ΔR are the intervals in the k 
and R spaces for the Fourier transformation and the fit, respectively, resulting in several 
independent parameters of 2ΔR Δk/π =9.5. The many-body amplitude reduction factor amp = 1.13.



Table S5. Acidity properties of PtxSny@S-1 samples.

Samples Acid content a Lewis acid b H-bonded pyridine
Sn1@S-1 5.2 20.2 32.6
Pt0.1@S-1 1.4 0.7 0.7

Pt0.1Sn0.5@S-1 4.4 14.5 27.9
Pt0.1Sn1@S-1 5.0 18.1 36.9
Pt0.1Sn2@S-1 6.3 30.6 24.7

a: mLNH3 g
-1, tested by NH3-TPD.

b: μmol g-1, tested by Py-IR, based on the integrated IR peak areas at the 1452 cm−1 band.

c: μmol g-1, tested by Py-IR, based on the integrated IR peak areas at the 1444 cm−1 band.



Table S6. The attribution of absorbance peaks in in situ infrared (TPD-DRIFTS) test.

Wavenumber (cm-1) Attribution
1-hexene

3080 asymmetric =CH2 stretching vibration
2997 symmetric =CH2 stretching vibration
2960 asymmetric ‒CH3 stretching vibration
2924 asymmetric ‒CH2 stretching vibration
2870 symmetric ‒CH3 stretching vibration
2861 asymmetric ‒CH2 stretching vibration

cyclohexene
3067, 3026 The C‒H stretch of the C=C‒H

2938, 2862, 2841 ‒C‒H stretching
The absorption peak position showed a shift or change due to differences in test methods and the 
fact that 1-hexene and cyclohexene are adsorbed on the zeolite in this experiment.3



Table S7. Performance detail of the comparative catalysts in Figure 2e.
Temperature Carri

er gas
Reactant Carrier 

gas/ 
Reactant

(mol/mol)

WHSV (h-1) Yield 
(%)

Pt 
loading 
(wt%)

Specific 
activity 
(g gPt

-1 
h-1)

This work 550 Ar n-hexane 7 2 62.4 0.12 856.5
10Pt/KL4 420 H2 n-heptane 6 0.68 58.1 0.19 205.3

Pt/Beta-Rb5 550 H2 n-heptane 6 2 76.6 0.7 152.6
PtFe-1/KL6 420 H2 n-octane 6 0.68 89.1 0.21 230.4
Pt/KL(Sn)7 500 H2 n-octane 6 0.7 67.1 0.15 386.4
PtZn/KL8 500 H2 n-heptane 6 0.68 62.5 0.4 104.9
Pt/KL-29 450 H2 n-hexane 6 1 59.6 0.12 472.1

Pt/KYC210 500 H2 n-octane 6 0.7 / 0.13 298.1
Pt/CeO2

11 400 H2 n-hexane / / 57.8 1.5 61.4
Pt/KL-1012 500 H2 n-heptane 6 0.68 66.3 0.21 172.1
1%Pt/KL13 500 H2 n-hexane 6 2 85.7 1 120.2
Pt4@KL14 440 H2 n-hexane 6 1 68 0.33 235.4
Pt/KL15 500 H2 n-heptane 6 1 49 0.6 104.2
Pt/Kβ16 550 H2 n-heptane 6 2 85.2 0.25 360.5

Pt/HR-KL-117 500 H2 n-hexane 6 4 55.1 1 308.9
Pt/Ba/KL18 500 H2 n-octane 6.75 1 63.6 0.5 102.4
Pt/K-Beta19 550 H2 n-heptane 6 2 85.3 1 117.0
Pt/BaKL20 420 H2 n-heptane 6 0.8(LHSV) 78 0.43 145.9

Pt@Sil-1-4Na21 500 H2 n-hexane 2 2.7 78 0.6 318.2
Pt/CeY22 490 H2 Naphtha 9 2(LHSV) 56.1 0.3 381.3

Pt0.3/Al2O3-Cl22 490 H2 Naphtha 9 2(LHSV) 65.4 0.3 374.0
Pt/FeKL23 450 H2 n-hexane 3 3 77.4 0.5 355.5

Pt@SnKL24 480 H2 n-heptane 6 0.68 62.4 0.49 98.8
The reaction pressure of all catalysts mentioned is 1atm, except 0.7 MPa for Pt/CeY and Pt0.3/Al2O3-Cl. 
The specific activity of catalysts is determined by calculating the total aromatic yield (summation of 
individual aromatic compound yields) in systems containing multiple aromatic species, and the 
Maromatic/Malkane is using 0.9196 (Mtoluene/Mn-heptane), to obtain a relatively adequate value.

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

𝑊𝐻𝑆𝑉 × 𝑌𝑖𝑒𝑙𝑑 ×
𝑀𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐

𝑀𝑎𝑙𝑘𝑎𝑛𝑒

𝑃𝑡 𝑙𝑜𝑎𝑑𝑖𝑛𝑔
WHSV: h-1, M: g mol-1, Pt loading: wt%, Specific activity: garomatic gPt

-1 h-1



Figure S1. TEM image of Pt0.1Sn0.5@S-1



Figure S2. TEM image of Pt0.1Sn2@S-1



Figure S3. N2 physical adsorption-desorption isotherms.
Curves of Pt0.1@S-1 (black), Pt0.1Sn0.5@S-1 (red) and Pt0.1Sn1@S-1 (blue) have been offset 

upward by 80, 60, 30, respectively for easy viewing.



Figure S4. Pore size distribution pattern.



Figure S5. CO-Pulse Test.



Figure S6. Catalytic performance of Pt0.1Sn1@S-1 at different partial pressure of n-hexane.



Figure S7.  Wavelet transforms contour plots for the k3-weighted EXAFS signals of the Sn K-
edge for Sn foil.



Figure S8. Wavelet transforms contour plots for the k3-weighted EXAFS signals of the Sn K-edge 
for SnO.



Figure S9. Wavelet transforms contour plots for the k3-weighted EXAFS signals of the Sn K-edge 
for SnO2.



Figure S10. in-situ 1-hexene adsorption infrared spectra after 25 minutes of purge by Helium flow.



Figure S11. in-situ cyclohexene adsorption infrared spectra after 25 minutes of purge by Helium 
flow.



Figure S12. The regeneration test for Pt0.1Sn1@S-1 at 550 ℃.

The regeneration experiment was conduct under a following condition: 550 ℃, 0.1 MPa, 
WHSV = 2h-1, GHSV = 3840 mL g-1 h-1 (Ar : n-hexane = 7 : 1). After the reaction, the coke formed 
on the Pt-zeolite catalyst was removed by calcination in air (30 ml min-1) at 550 ℃ for 1.5 h. After 
the calcination treatment, the catalyst is reduced by H2 flow (50% H2/Ar gas, 30 ml min-1) at 550 
℃ for 1.5 h before the test.



Figure S13. HAADF-STEM image of Pt0.1Sn1@S-1.

Figure S14. EDS patterns of Pt0.1Sn1@S-1.



Figure S15. HAADF-STEM image of Pt0.1Sn2@S-1.
Pt particle size in Pt0.1Sn2@S-1 remains at a similar level compared to Pt0.1Sn1@S-1, and Sn 

species exists in a highly dispersed state. In summary, these findings demonstrate that Pt primarily 
exists as nanoclusters within the zeolite, while Sn is highly dispersed.



Figure S16. The signal of H2 in TPSR test, with C2H6 serving as probe molecular.



Figure S17. In-situ CD3CN -IR spectra of PtxSny@S-1 catalysts.

IR bands at 2273 and 2308 cm-1 can be assigned to CD3CN adsorbed at silanol groups and Lewis 
acid sites, respectively.



Figure S18. TGA analysis of Pt0.1@S-1 after reaction.



Figure S19. TGA analysis of Pt0.1Sn1@S-1 after reaction.

The weight losses of Pt0.1@S-1 and Pt0.1Sn1@S-1 catalysts before 300 ℃ were 1.48% and 0.88%, 
respectively, which can be attributed to adsorbed organic compounds or water impurities. The weight 
loss between 300 ℃ and 830 ℃ is ascribed to coke deposition. Notably, the coke content of 
Pt0.1Sn1@S-1 was only 1.26%, significantly lower than that of Pt0.1@S-1 (3.72%). We further divided 
the coke weight loss into two stages: the weight loss between 300 ℃ and 475 ℃ can be attributed to 
soft coke, with Pt0.1@S-1 showing a substantial weight loss of 2.71% in this stage, while Pt0.1Sn1@S-1 
exhibited only 0.5% weight loss in the comparable temperature range of 300 ℃ to 490 ℃. The weight 
loss above 475 ℃ (490 ℃) can be assigned to hard coke, possibly graphitic carbon or highly aromatic 
compounds, where both catalysts showed similar coke deposition. These results demonstrate that the 
bimetallic PtxSny@S-1 primarily suppresses the formation of soft coke. Overall, the addition of Sn 
significantly inhibits coke accumulation during the reaction, which is crucial for maintaining catalyst 
stability.



Figure S20. HRTEM image of Pt0.1Sn1@S-1 after reaction.



Figure S21. CO-IR spectra of Pt0.1Sn1@S-1 after reaction.



Figure S22. XPS spectra of Pt 4f for fresh and spent Pt0.1Sn1@S-1.
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