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Supplementary Fig. 1 | SEM images of various catalysts. a, Pt@MFI. b, Sn-MFL. c,

Pt@Sn-MFI. d, PtSn/MFI.
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Supplementary Fig. 2 | In-situ DRIFTS spectra of Sn-MFI, Pt@MFI and Pt@Sn-

MFI using CD3CN as probe molecular at different temperatures (30 and 100 °C).
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Supplementary Fig. 3 | Pt dispersion of Pt@MFI. a, TEM image. b and ¢, HAADF-

STEM images. d, Corresponding Pt cluster size distribution.
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Supplementary Fig. 4 | Quasi-in situ Pt 4f XPS spectrum of Pt@Sn-MFI.
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Supplementary Fig. 5 | Fitting EXAFS curve of Pt@Sn-MFI. Only one Pt-Pt path

was considered in the fitting process. In each panel, the upper and lower lines are the

FT magnitude and imaginary components, respectively.
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Supplementary Fig. 6 | Equilibrium propane conversion as a reaction
temperature function calculated using Aspen Plus software. The partial pressure of
propane is fixed at 0.10. Equilibrium conversion improves with increasing reaction

temperature.



Supplementary Fig. 7 | TEM images. a, 1/3Pt@Sn-MFI 3. b, Pt@Sn-MFI 1. c,
Pt@Sn-MFI 3 (i.e., Pt@Sn-MFI). d, Pt@Sn-MFI_6.
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Supplementary Fig. 8 | Structural characterization of Pt@Sn-MFI_6. a, XRD
patterns. b, DR UV-Vis spectrum. ¢-d, HAADF-STEM images. e, EDS-Mapping.
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Supplementary Fig. 9 | Stability evaluation of the Pt@Sn-MFI catalyst for the

dehydrogenation of pure propane. Reaction conditions: T = 550 °C, pure C3Hs,

GHSV = 9600 mL gea'h.
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Supplementary Fig. 10 | Pt dispersion of spent Pt@Sn-MFI catalyst under pure
propane flow. a, HAADF-STEM image. b, Corresponding cluster size distribution.
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Supplementary Fig. 11 | Dehydrogenation-oxidative regeneration test over the
Pt@Sn-MFI catalyst. Reaction conditions were as follows: 1 bar, 550 °C, GHSV =
15000 mL gea! h!. Regeneration conditions were as follows: 500 °C in air atmosphere

for 30 min and subsequent 550 °C in H> for 1 h.
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Supplementary Fig. 12 | Pt dispersion of spent Pt@Sn-MFI after three
regeneration cycles. a, HAADF-STEM image. b, Corresponding cluster size

distribution.
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Supplementary Fig. 13 | Equilibrium propane conversion as a reaction
temperature function calculated using Aspen Plus software. The partial pressure of

propane is fixed at 0.10. Equilibrium conversion improves with increasing reaction

temperature.
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Supplementary Fig. 14 | Catalytic performance for EDH. a, Various catalysts. b,
Different ratio of Pt with Sn. ¢, Different GHSV over Pt@Sn-MFI. d, Long-term
stability test for PDH conversion over Pt@Sn-MFI over Pt@Sn-MFI. e, Compared with
the catalytic performance of the state of art catalysts. The catalytic EDH performance
was evaluated using a quartz fixed-bed reactor at atmosphere pressure, equipped with

an online gas chromatograph. Reaction conditions of a, b, and d: catalyst mixed with

0.5 g of SiC, ambient pressure, GHSV=2400 mL g, 'h!, 550 °C.
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Supplementary Fig. 15 | In-situ time-resolved DRIFTS spectra of Pt@Sn-MFI. a
and b, /n-situ DRIFTS spectra with C3Hg flows. ¢ and d, /n-situ DRIFTS spectra with

He flows.
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Supplementary Fig. 16 | In-situ DRIFTS experiment to monitor CsHs desorption.

a, Pt@Sn-MFL. b, PtSn/MFL. ¢, Pt@MFI.
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Supplementary Fig. 17 | In-situ time-resolved DRIFTS spectra of Pt@Sn-MFI

under the He flow.
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Supplementary Figure 18 | H spillover exists on Pt@Sn-MFI. a, In-situ DRIFTS
spectra of Pt@Sn-MFI pre-treated H, under the He flow. b, H>-TPD/MS curve of

Pt@Sn-MFI. m/s=2.
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Supplementary Figure 19 | Mass spectra tracing the dehydrogenation process of

C3Ds. a, Pt@Sn-MFI. b, Defect-free Pt@Sn-MFI with negligible hydroxyl groups.
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Supplementary Figure 20 | Structure characterization and catalytic performance
of Pt@Sn-MFI with negligible silanol. a, PXRD pattern. b, /n-situ DRIFTS spectra
with He flow. ¢, In-situ DRIFTS spectra of Pt@Sn-MFI pre-treated with H> under the

D; flow. d, Catalytic performance for PDH.
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Supplementary Figure 21 | Stable structure of Sn doped into MFI framework

bonding with Pt. a, View from the x-axis. b, view from the z-axis.
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Supplementary Table 1 | Pt L3-edge EXAFS fitting parameters for Pt@Sn-MFI
using one fitting path of Pt-Pt.[?]

Sample Path R (A) CN Eo(eV) 100*3>  R-factor

Pt@Sn-MFI ~ Pt-Pt 276 (0.01) 7.5(1.0) 6(1) 04(0.1) 0.014

[a] R, distance between absorber and backscatter atoms; CN, coordination number; &2,
Debye-Waller factor to account for thermal and structural disorder; AEo, inner potential
correction; R-factor indicates the goodness of the fit.
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Supplementary Table 2 | Catalytic activity over Pt-based state-of-the-art catalysts for PDH.

Catalytic performance

Mass flow Rate Yield ke Inverse
T Mass flow rate Reaction Cov. Sel.
#  Catalysts rate (Lgeca (mol  (molcsns  (molcsus  geqctivation Ref.
(°O) (Lcsusgeacth?)  time (h) C3Hs  CsHe
lh-l) gmetal_lh_ gmetal_lh_ gmetal_lh_1 coefficient,
(%) (%)
1) 1) bar!) 1/kd (h)

48.0-  85.0- 1.27-
1 Pt/Sn-Beta 500 2 0.1 410 1.08-1.00 177.7 1001.2 1
38.0 99.5 1.01

27.5-  95.5- 2.25-
2 Pt/Sn-Beta 500 12 0.6 5 2.15-2.0 72.4 38.7 2
25.0 97.5 2.04

47.4-  93.2- 5.38-

3  PtZn@S-1 550 8.0 2 216.7 5.02-4.55 - 761.1 3
40.4 99.2 4.59
0.1Pt-2Zn/Si- 65.0-  98.0-  35.45- 34.74-
4 550 22 2.2 150 - 135.3 4
Beta 38.0 99.5 20.73 20.62

40.7-  63.5- 0.42-
5  GaPt/SiO; 550 5.56 1.12 19.7 0.27-0.28 52 100 5
38.5 70.1 0.40
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MFI-600H>-3h 27.5 99.0 40.2
70.0-  92.5- 7.83-
23 Pt/Sn-ZSM-5 600 3.9 0.90 24 7.24-5.04 - 23.0 21
45.0 99.5 5.06
40.0-  92.0- 18.31- 16.85-
24 PtSn/SBA-15 600 60(H2) 8.4 8 229.8 10.7 22
24.0 92.0 10.99 10.11
22.0-  98.5- 5.74-
25 PtGa@MFI 600 12(H2) 3 20 5.65-3.82 30.6 42.6 23
15.0 97.5 3.91
0.6PtSn/1.5In— 55.0-  97.5-
26 600 /(H2) / 533 / / - 101.8 24
Al 42.0 96.5
PtSn/0-AL.0Os 294-  88.4- 17.8-
27 600 22.5(Hy) 13.5 5 15.6-12.9 49.1 19.4 25
(ethanol) 23.7 87.7 14.7
55.0-  99.0-  96.34- 95.37-
28 Pt@Sn-MFI 600 85.7 17.1 12.1 - 13.9
33.9 98.7 59.30 58.61 This
59.2-  98.5- 5.80- work
29 Pt@Sn-MFI 550 9.6 0.96 120.5 5.72-5.43 1064.5 844.2
55.7 99.4 5.46

27



Supplementary Table 3 | Catalytic activity over the state-of-the-art catalysts for EDH.

Catalytic performance

1\1/1[3;5 Mass flow Rate Yield
T rate Reaction Cov. Sel. (mol Inverse
# Catalysts . rate b e C2Hs C2H4 (molczns  deactivation Ref.
(°C) 1. (LcaHegear h™  time (h)
(Lgcat™h 1 o o Smeta 'h” coefficient,
1 ) (%) (%) .
) 1) gmetalTh!) 1/kd (h)
26.3- 97.5- 0.88-
1 Fe-S1 600 2 0.6 200 0.86-0.85 12874 .4 26
&S 260 975 0.87
2.0- .58-
2 0.89Fe/HZ5 650 6 0.3 21.67 52.0 74-90 0.58 0.42-0.28 20.8 27
27.7 0.31
3 0.088Pt/M-TS1 600 12 9.0 6 6.9-6.8 99-99 0.52-53 0.51-0.51 382.8 28
9.9- 65.0-
4 0.61Fe/HZ5 600 36 3.2 4.5 15.0 68.8 0.77-1.2  0.50-0.83 9.5 29
42.8- 89.3- 0.52-
5 1.0Co/HZ5 650 9 0.27 6 182 95.0 0.46 0.46-0.44 314 30
27.7- 1.90-
6 0.8Cr/S1 650 6 1.2 40 4.0 99-99 165 1.88-1.63 206.9 31
25.9- - .70-
7 1.0In-CHA 660 6 0.6 20 39 %6 0.70 0.67-0.71 300.0 32

27.2 96.9 0.73

53.1-  79.6- 3.26-
8 PtSn/Al,O3 660 6 0.6 20 8.2 95.7 173 2.59-1.66 18.9 32
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22 PtSn-SA 625 3.24(Hy) 0.648 10 2291% 8955% %%%%7586 %%%%6563' 22.0 45
23 PtSnZnGa-SA 625 3.24(H) 0.648 10 3206% 997951 8"8882 %%%%7688' 50.3 45
24 LaooMnosNip203 750 30 15 30 ‘fo'i' 98.0 %%3’249' 0.033-0.028 316.9 46
25 Pt@Sn-MFI 550 2.4 0.12 720 32(;%2 9989'; %267' 0.74-0.67 43653 .
26 Pt@Sn-MFI 550 60 6 20 1132'2' 9;2’ 8{‘;%’ 8.40-7.79 S
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